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ABSTRACT

The research was aimed to obtain the vegetative, physiological, and yield components of
several varieties of lowland rice with specific plant spacing in integrated with mature-4 of
smallholder oil palm. This research was conducted at Titi Payung street, Hamparan Perak
Subdistrict, Deli Serdang District, North Sumatra Province, Indonesia in April until August
2017. This research was used the split-plot design with the main-plot is the plant spacing (J1 = 25
cm x 20 cm; Jo= 25 cm x 25 cm; J3= 25 cm x 30 cm; and J4 = 25 cm x 35 ¢cm) and sub- plots is
the rice varieties (V1= Inpara 2; V2= Inpari 4; V3 = Inpari 10; and V4= Inpari Sidenuk).
Parameters were analyzed by ANOVA and the means effect was followed by DMRT 5%. The
results were showed that the Inpari Sidenuk variety significantly increased the grain yield.plot
and the highest yield.ha™ of 0.42 kg and 3.36 tons, respectively compared to other varieties. The

plant spacing of 25 cm x 25 cm (J2), 25 cm x 30 cm (J3), and 25 ¢cm x 35 cm (J4) can
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significantly increase the fresh weight stover.clump® of 13.53 g;



13.29 g; and 13.22 g, respectively. In overall, plant spacing of 25 cm x 25 cm can increase the

panicle length, number of grain.panicle™, percentage of filled grain, 1000 grains weight, grain

yield.plot, and yield.ha™* compared to other plant spacing. The use of Inpari Sidenuk variety

with the plant spacing of 25 cm x 25 cm has the potential to be recommended in integratedwith
mature-4 of smallholder oil palm to increasing yield and food self-sufficiency. Keywords:

integration, plant spacing, rice varieties, smallholder oil palm.

INTRODUCTION

The lowland rice yield in Indonesia over the past 5 years (2014-2018) has fluctuated
(BPS Indonesia, 2019). One of the provinces in Indonesia as a contributor to rice yield is North
Sumatra Province, however, the lowland yield is classified as fluctuated from 2006- 2018
(Figure 1). The lowland rice yield fluctuated can be caused by the rice area also has fluctuations
(BPS Sumatera Utara, 2019). The decrease in the area of lowland rice harvesting can be caused
by the conversion of lowland rice to oil palm plantations. The conversion of lowland rice to
plantation plants such as oil palm and rubber. According to Anggari et al., (2016) the cause of
the public (a case study of Trumon Subdistrict, South Aceh District) executes the conversion of
lowland rice into oil palm plantations such as the risk in lowland rice farming is higher, and
economic factors are more profitable. Fauzi, (2005) stated that the lowland rice conversion is the
lack of certainty in the price of lowland rice so that the income fromrice is lower compared to
oil palm and rubber plantation.

The decrease in the lowland rice land will have an impact on the deficit of rice stocks in
Indonesia. Rice demand in 2025 is expected to increase by 60%. In supply to food demand then
the government through the ministry of agriculture has been focusing on seven major

commodities in the program to achieve self-sufficiency and increased yield at the 2017 year



through the program UPSUS PAJALE and plans to form 1 million hectares of lowland rice land
until 2019 year (Nuryati et al., 2015).

The effort to form 1 million hectares of lowland rice need to be supported by the use
mature of oil palm plantations through the program integration of lowland rice with oil palm
plants. The application of lowland rice as intercropping among oil palm has been reviewed by
previous researchers without harming the plantations. Bratkovich et al., (1993) stated that the oil
palm can survive in flooded up to 3 months. Colmer and Voesenek, (2009); Dewi, (2009)
reported that the oil palm is classified as very tolerant of flooded. Holidi et al., (2015) stated that
the oil palm can survive in inundation conditions up to 50 days. The results showed that oil palm
in flooded conditions is very beneficial for the growth and development of lowland rice with £ 3
months to harvest.

Therefore the existence of previous research, it is expected that lowland rice plants will
also be able to grow and produce until harvesting even though some shaded by oil palm canopy.
However, lowland rice in the conditions of shaded will experience disruption of physiological
and biochemical processes. Chozin et al., (1999) stated that one of the inhibitors to the growth
and production of upland rice in intercropping is the occurrence of light deficits reaching the rice
canopy. Low light intensity results in disruption of the rate of photosynthesis and carbohydrate
synthesis and results in a decrease in the rate of growth and yield of plants.

Therefore several alternatives are needed to increase the yield of lowland rice with the
integration of oil palms including the use of shade-tolerant varieties and plant spacing. It is very
difficult to find publications and references of research results with the planting system of
lowland rice in the oil palm plants. According to Murty dan Sahu, (1987); Cabuslay et al.,
(1991); Lubis et al., (1993) planting upland rice in the immature of oil palm area as land use can
reduce yield by up to 70 until 90% in shade conditions > 50% compared to normal light.

Warjido et al., (1990) stated that the plant spacing is important in optimizing the use of



sunlight for photosynthesis, with the result that plants will have balanced growing space.
Magfiroh et al., (2017) stated that the plant spacing of 25 cm x 25 cm can significantly increase
panicle length and the number of grain.panicle™ of lowland rice of 3.60% and 8.71%,
respectively compared to plant spacing of 20 cm x 20 cm.

The selection of lowland rice varieties has an important role in determining optimal yield
in shaded conditions. Some varieties that can be recommended in the cultivation of lowland rice
released by the Ministry of Agriculture include Inpara 2, Inpari Sidenuk, Inpari 10, and Inpari 4
with an average yield of 5.49; 6.60; 6.00; and 6.04 tons.ha™, respectively. Therefore further
research is needed on the use of several varieties of lowland rice that can yield in oil palm to
support national food security. The purpose of this research was to obtain high-yielding lowland

rice varieties at plant spacing with integrated mature-4 of smallholder oil palm.

MATERIAL AND METHODS

Land Management
The research integration of lowland rice and mature-4 of oil palm oil with the number
population of 72 trees (0.50 ha) which is located at Titi Payung street, Hamparan Perak
Subdistrict, Deli Serdang District, North Sumatra Province, Indonesia in April until August
2017. This research conducted with the processing of the land using the hand tractor. The soil

was cultivated three folds as deep as 20 cm, using the rotary plow.

Plot Size and Research Design

The plot was made with a size of 10 m x 20 m. This research used the split plot design
with the main-plot is the plant spacing of 4 levels (J1 = 25 cm x 20 cm; J.= 25 cm x 25 cm; J3=25
cm x 30 cm; and J4= 25 cm x 35 ¢cm) and sub-plot is lowland rice varieties consisting of 4
varieties, namely (V1 = Inpara 2; (V2 = Inpari 4; (V3 = Inpari 10; and (V4 = Inpari Sidenuk). The

treatment of this research was used the three replications.



Seeding and Planting Process

Seed rice was soaked in water for 24 hours and then drained for 12 hours. The seeds that
have germinated are then sown in the nursery and after 2 weeks were moved to the plot. After
the seedlings are 3 weeks and planting was conducted in the plot following the treatment in
manually, each hole only one plant. The number of plants in the sub-plot was 24 plants with 5

plant samples.

Plant Management

The transfer of seedlings, water has flowed into the plot with a height of 5 cm until the
plant is 45 days old. The insertion was performed during 2 weeks after planting (WAP) or before
the basic fertilization. Weeding was conducted in the initial period until 21 and 42 WAP used the
manually when weeds have 3-4 leaves, then flooded for 1 day. Fertilization wasconducted with N
90 kg.ha*, TSP 50 kg.ha, and KCI 50 kg.ha™. The phosphorus and potassiumfertilizer are given as
basic fertilizers and given before transplanting seedlings, while N fertilizeris given 3 folds such as a
week after transplanting, 40 days after transplanting and 65-70 days old.Pest and disease control is
only conducted when the symptoms of an attack have reached the economic threshold using

insecticides, and fungicides that are adjusted to pests/diseases.

Harvesting

Two weeks before harvesting the lowland rice water is drained so that the rice grains
mature quickly. Harvesting was conducted manually using the sickle at the mature plant
physiology marked visually in lowland rice, such as rice grains were yellowed ranged from 90

until 95% or grain moisture content ranges from 22 until 27%.

Parameters and Analysis
DataVegetative

Components

The parameters of the vegetative components such as plant height (cm), number of

tillers, and leaf area (cm?). Plant height and number of tillers were measured at 4 and 6 WAP.



Leaf area was measured at harvest by taking a flag leaf from each sample and calculated by the

formula p x 1 x 0.75.

Physiological Components
The parameters of the physiological component such as leaf chlorophyll content
(chlorophyll a, b, and total), fresh weight stover.clump™ (g), and dry weight stover.clump? (g).
The chlorophyll a, b, and total were measured using the UV-Vis spectrophotometer (Hendry and
Grime, 1993). The extraction of chlorophyll was conducted with acetone 80%, theleaves are
weighed 0.1 g, then crushed in the mortal, inserted 10 ml acetone, filtered with Whatman filter
paper. The filtrate was measured for absorbance at 645 nm and 663 nm. The calculation of
chlorophyll a, b and total content using the formula:
Chlorophylla = (12.7 x A663- 2.69 x A645) x 10! (1)
Chlorophyll b = (22.9 x A645 — 4.68 x A663) x 10 )
Chlorophyll total = (8.02 x A663 + 20.2 x A645) x 10 (3)
Fresh weight stover.clump™ was cut from the base of the stem at the end of the research,
be weighed, then put into a brown envelope and dried in the sun for 3 days and oven at 60°C for
72 hours to obtain the dry weight stover.clump™ after which it was weighed using analytical

scales.

Yield Component

The parameters of the yield component such as the number of productive tillers, panicle
length (cm), number of grain.panicle™, filled grain (%), empty grain (%), 1000 grains weight (g),
grain yield.plot? (kg), and yield.ha® (tons). The number of productive tillers was measured
when the plants were flowered, by counting the tillers produce panicles. Panicle length was
measured when the plant has been harvested by measuring the panicle formed.clump™ from the
base to the end of the panicle. The number of grains.panicle™* was calculated by dividing the

total number of grains in the sample with the total number of



panicles. The percentage of filled grains was calculated by dividing the number of filled grains
from all panicles of the sample with the total number of grains. The percentage of empty grains
was calculated by dividing the number of empty grains from all panicles of the sample with the
total number of grains. The 1000 grains weight was measured by drying up tomoisture content
of 14% and take by 1000 rice grains randomly then weighed. The grain yield.plot? was
calculated by weighing the filled grain in each plot and weighed using analytical scales. The
yield.ha® was calculated by converting the average grain yield.plot™

using the formula:

__ Average Yield.Plot™1

Yield/ha-1 x Area of 1 ha 4)

Plot Area

Parameters were analyzed with analysis of variance (ANOVA) and the significant effect was

followed by Duncan's Multiple Range Test (DMRT) at the level of 5%.

RESULTS AND DISCUSSION

Vegetative Components

The results of the ANOV A showed that the varieties, plant spacing and their interaction
not significantly influence the increase in plant height, number of tillers and leaf area of lowland
rice in integrated with mature-4 of smallholder oil palm (Table 1).

The results showed that the plant height of lowland rice varieties was integrated with
mature-4 of smallholder oil palm highest were found in the Inpari Sidenuk variety (Va4) of
70.85 cm and 90.36 cm, respectively at 4 and 6 WAP. The plant spacing of 25 cm x 35 cm (Js)
is the spacing that the highest of plant height amounted to 68.90 cm and 87.26 cm, respectively
at 4 and 6 WAP. The number of tillers of lowland rice varieties was integrated with mature-4 of
smallholder oil palm the highest was found in Inpari 4 variety (V2) of 7.15 tillers and 12.23
tillers, respectively at 4 and 6 WAP. The number of tillers of lowland rice varieties was
integrated with mature-4 of smallholder oil palm the highest was found in the plant spacing of

25 cm x 30 cm (J3) of 7.18 tillers at 4 WAP, and found in 25 cm x 35 cm (Ja)



of 12.08 tillers at 6 WAP. The leaf area of lowland rice varieties was integrated with mature-40f
smallholder oil palm the highest was found in the Inpari Sidenuk variety (V1) of 26.27 cm?,and
plant spacing of 25 cm x 25 ¢m (J2) amounted to 38.97 cm?,

Rice variety of Inpari Sidenuk (V4) and plant spacing of 25 cm x 25 cm (J2) in
integration with mature-4 of smallholder oil palm can adapt to the low light intensity, this is
evidenced by the highest leaf area compared to the others treatment. According to Levitt, (1980)
an adaptation of plants to shade can be conducted through avoidance that is associated with
response to changes in the anatomy and morphology of leaves for photosynthesis efficient. The
efficiency of increasing light capture can be conducted by increasing the area oflight capture, by
increasing the leaf area. Yeo, (1994); Santosa et al., (2000); Sopandie et al., (2006) stated that
the low light in upland rice cause disturbed metabolic processes which haveimplications for

decreasing the rate of photosynthesis and carbohydrate synthesis.

Physiological Components

The results of the ANOV A showed that planting spacing significantly increased the fresh
weight stover.clump™, however not significantly increased the chlorophyll a, b, total, and dry
weight stover.clump™ of lowland rice. Varieties and their interactions not significant effect in
increasing the physiological component of lowland rice in integrated with mature-4 of
smallholder oil palm (Table 2).

The results showed that the Inpari 4 variety had higher levels of chlorophyll a, b, and
total of 3.57 mg.cm?, 4.54 mg.cm?, and 8.11 mg.cm?, respectively compared to other varieties.
The chlorophyll a, b, and total of lowland rice varieties were integrated with mature-4 of
smallholder oil palm the highest was found in the plant spacing of 25 cm x 35 cm(Js) of 3.59
mg.cm?, 4.59 mg.cm?, and 8.18 mg.cm?, respectively compared to other plant spacing. Lowland
rice varieties are very tolerant of shading were showed that the change in morphological

character (leaf area) as lower compared to sensitive varieties. The effect of



plant spacing of 25 cm x 35 cm (J4) has an impact on the amount of light that can be absorbedby
lowland rice because the spacing between plants is relatively wider compared to other plant
spacing. Chozin et al., (1999); Sopandie et al., (2003) stated that the character of rice was
decreased in low light conditions both sensitive and tolerant varieties, however, the tolerant
varieties, the decrease is relatively lower. Nasution, (2009) stated that the one row spacing of
corn plants have chlorophyll content of 49.51 unit.mm?® which is higher compared to the two
rows spacing of 48.95 unit. mm?, an increased in the chlorophyll content of corn plants by 1.14%
in the one-row spacing compared to the two-rows spacing.

The results showed that the fresh weight stover.clump of lowland rice varieties the
highest in integrated with mature-4 of smallholder oil palm was found in the Inpari Sidenuk (Va)
variety and was not significantly different of the other varieties. The plant spacing of J2- J4 (25
cm x 25 cm; 25 cm x 30 cm; 25 cm x 35 cm) can significantly increased the fresh weight
stover.clump™® of 13.53 g, 13.29 g, and 13.22 g, respectively. The plant spacing of J2-Js is the
plant spacing were wider compared to Ji. The extent of plant spacing used will have an impact
on the ability of rice plants to absorb light, nutrients, and water. According to Barri,(2003), the
plant spacing system affects the light, wind, and nutrients obtained by plants which in turn gives
a different effect on plant growth and yield parameters. Pedersen and Lauer, (2003) stated that
the soybean yield was increased by 4% with increasing row spacing from 19 cmto 76 cm in the
first year.

The results showed that the dry weight stover.clump™ of lowland rice varieties in
integrated with mature-4 of smallholder oil palm the highest was found in the Inpari 10 variety
(V3) of 3.95 g and was not significant compared to other varieties. The plant spacingof 25 cm
x 25 cm (J2) gives effect the dry weight stover.clump™ the highest of 3.78 g and was not

significant compared to other plant spacing.



Yield Components

The results of the ANOVA stated that the lowland rice varieties in integrated with
mature-4 of smallholder oil palm can significantly increase grain yield.plot™ and yield.ha™. Plant
spacing can significantly increase the lowland rice yield components except for the number of
productive tillers, while their interaction had not significantly affect on yield components (Table
3).

The results were indicated that the Inpari Sidenuk variety can increase the highestgrain
yield.plot™ and yield.ha™ of 0.42 kg and 3.36 tons, respectively and was significantly different
from other varieties. While the other yield components were not significantly different between
the varieties tested. This is caused the highest leaf area found in the Inpari Sidenuk variety of
26.27 cm? compared to the others (Table 1). The extent of the leaves will affect the amount of
chlorophyll in forming photosynthates and increased lowland rice grain yield. According to
Johnston and Onwueme, (1998) stated that the plants will adaption to the stress of low light
intensity by increasing the efficiency of light capture through increasing theamount of
chlorophyll per unit leaf area. The increasing rate of photosynthesis the higher carbohydrates are
formed. The carbohydrates that are available in large quantities will increase chlorophyll
synthesis will result that chlorophyll rate is higher in shaded leaves.

The results were indicated that the highest percentage of empty grain was found in the
plant spacing of 25 cm x 20 cm amounted to 29.61%. The plant spacing of 25 cm x 25 cm (J2)
can significantly increase the panicle length, number of grains.panicles™, percentage of filled
grain, 1000 grains weight, grain yield.plot™, and yield.ha™* compared to other plant spacing. This
causes the plant spacing of 25 cm x 25 cm (J2) contributing to the highest increase in the
physiological character (fresh weight stover.clump™) of lowland rice plants compared to other
plant spacing (Table 2). The effect of plant spacing on the physiological response will have an

impact on the yield component of lowland rice yield in integrated with mature-4 of



smallholder oil palm. Rice plants are shaded stress or low light intensity will experience changes
in morphological, anatomical, physiological, and biochemical characters that will have an
impact on crop production. According to Vogelman and Martin, (1993) the light intensity will
affect the shape and anatomy of leaves including epidermal and mesophyll cell types. Taiz and
Zeiger, (2002) stated that the shaded leaves of plants will be thinner and widercompared to
leaves of plants in normal light intensity, which is caused by the reduction in the palisade layer
and mesophyll cells. Hale and Orchutt, (1987); Okada et al., (1992) stated that the physiological
response of plants to shaded-stress, namely increasing the number of chloroplasts per leaf area
and increasing the amount of chlorophyll in chloroplasts. Maxwell et al., (1999) stated that the
low light intensity will affect chloroplasts in plants, namely an increase in the number of
chloroplasts per cell, the volume of chloroplasts and thylakoid membranes, and stack granum as
in Gusmania monostachia. Bruggeman and Danborn, (1993)stated that the shade was caused by
the low activity of Rubisco whereas functions to bind COzand Ribulose bisphosphate (RuBP) in
the Calvin cycle which produces 3-PGA. Sopandie, (2013) stated that the low light intensity
during flowering in rice caused a decrease in carbohydrate, protein, auxin, proline, and cytokinin
content, however, it increased the gibberellins and dissolved N content in panicles. Thorne and
Koller, (1974) stated that the reduction of photosynthate at low light intensity can be related to

the high resistance of stomata and mesophyll cells to COz exchange. In low light conditions were

decreased the carboxylase and RuBP activity.

CONCLUSION

Inpari Sidenuk variety can increase grain yield.plot™ and yield.ha the highest of 0.42 kg
and 3.36 tons, respectively compared to other varieties. The plant spacing of J2-J4 (25 cm x25
cm; 25 cm x 30 cm; 25 cm x 35 cm) can increase the fresh weight stover.clump™ of 13.53 g,

13.29 g, and 13.22 g, respectively. In overall, plant spacing of 25 cm x 25 cm (J2) can



increase the panicle length, number of grain.panicles™, percentage of filled grain, 1000 grains
weight, grain yield.plot™, and yield.ha™ compared to other plant spacing. The interaction of
lowland rice varieties with plant spacing was not significantly the vegetative, physiological,
and yield components in integrated with mature-4 of smallholder oil palm. The use of Inpari
Sidenuk variety with the plant spacing of 25 cm x 25 cm can be used in integrated withmature-4
of smallholder oil palm in support of increased yield.ha* and food self-sufficiency.
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TABLES

Table 1. Vegetative components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Plant Height (cm) Number of Tillers Leaf Area

Treatment AWAP  6WAP  4WAP  6WAP (cm?)
Varieties (V)
V1 = Inpara 2 61.08 83.37 6.28 10.00 24.40
V2 = Inpari 4 66.73 84.31 7.15 12.23 22.90
V3= Inpari 10 68.53 85.55 6.85 12.00 25.41
V4 = Inpari Sidenuk 70.85 90.36 6.81 11.60 26.27
Plant Spacing (J)
Ji = (25 cmx 20 cm) 66.28 84.38 6.41 11.05 23.04
J2 = (25 cm x 25 cm) 67.12 86.64 6.68 11.06 36.04
J3=(25cmx 30 cm) 64.91 85.30 7.18 11.64 20.09
Ja= (25 cm x 35 cm) 68.90 87.26 6.83 12.08 19.81

Note: The means followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test.

Table 2. Physiological component of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Chlorophyll (mg.cm?) Fresh weight Dry weight
Perlakuan 3 b Total stover.clump™ stover.clump™

(9) (9)

Varieties (V)

V1 = Inpara 2 3.25 4.52 7.77 12.70 3.30

V2= Inpari 4 3.57 4.54 8.11 12.44 3.45

V3= Inpari 10 3.53 4.17 7.70 12.18 3.95

V4 = Inpari Sidenuk 3.48 4.16 7.64 13.51 3.55

Plant Spacing (J)

Ji = (25 cmx 20 cm) 3.32 4.00 7.32 10.80 b 3.08

J2 = (25 cm x 25 cm) 3.35 4.37 7.72 13.53 a 3.78

J3 = (25 cm x 30 cm) 3.57 4.44 8.00 13.29 a 3.73

Ja=(25cmx 35 cm) 3.59 4.59 8.18 13.22 a 3.66

Note: The means followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test.

Table 3. Yield components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Treatment
Parameters V1 V2 V3 V4
Inpara 2 Inpari 4 Inpari 10 Inpari Sidenuk

Number of productive tillers 8.00 7.24 8.41 10.05
Panicle length (cm) 21.98 22.34 22.83 22.46
number of grain.panicle? 118.70 122.05 134.38 140.27
Filled grain (%) 72.52 77.81 87.39 87.25
Empty grain (%) 32.05 27.97 9.76 8.08

1000 grains weight (g) 20.66 22.20 24.04 24.89
Grain yield.plot? (kg) 0.11d 0.10c 0.38b 0.42 a

Yield.ha* (ton) 0.85¢c 0.83¢ 3.02b 3.36 a




J1 J> J3 J4
(25x20cm) (25x25cm) (25x%30cm) (25x35cm)

Number of productive tillers 6.80 10.28 9.00 7.61
Panicle length (cm) 19.88 d 24.68 a 23.09b 21.97 ¢
number of grain.panicle™ 108.35d 145.00 a 137.40 b 124.65c
Filled grain (%) 72.09d 89.76 a 85.05b 78.07 c
Empty grain (%) 29.62 a 17.56 b 16.04 c 14.64 d
1000 grains weight (g) 19.77 c 25.31a 23.54 b 23.18 b
Grain yield.plot? (kg) 0.22d 0.31a 025D 0.23¢c
Yield.ha? (ton) 1.76 d 2.50 a 2.00 b 181c

Note: The means followed by the same letter are not significantly different at the 5% level byDuncan's Multiple Range Test.

Lowland rice in the North Sumatra —#—Land area (%)
== Productivity (%)

0, o

FIGURE
Figure 1. The condition of land area and productivity of rice in the North Sumatra Province in2006 until 2018 (Source: BPS Sumatera Utara,
2019).
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ABSTRACT

Background and Objective: The research was aimed to obtain the vegetative,
physiological, and yield components of several varieties of lowland rice with specific plant
spacing in integrated with mature-4 of smallholder oil palm.

Materials and Method: This research used the split-plot design with the main-plot is the
plant spacing (J1 = 25 cm x 20 cm; Jo= 25 cm x 25 cm; J3= 25 cm x 30 cm; and J4 = 25 cm x
35 cm) and sub-plots is the rice varieties (V1 = Inpara 2; V2 = Inpari 4; V3 = Inpari 10; and V4 =
Inpari Sidenuk). Parameters were analyzed by ANOVA and the means effect was followed by
DMRT 5%.

Results: The results were showed that the Inpari Sidenuk variety significantly increased
the grain yield.plot and the highest yield.ha* of 0.42 kg and 3.36 tons, respectively compared
to other varieties. The plant spacing of 25 cm x 25 cm (J2), 25 cm x 30 cm (J3), and 25 cm x 35
cm (Js) can significantly increase the fresh weight stover.clump™ of 13.53 g; 13.29 g; and 13.22
g, respectively. In overall, plant spacing of 25 cm x 25 c¢cm can increase the panicle length,
number of grain.panicle™, percentage of filled grain, 1000 grains weight, grain yield.plot™*, and
yield.ha compared to other plant spacing. The use of Inpari Sidenuk variety with the plant
spacing of 25 cm x 25 cm has the potential to be recommended in integrated with mature-4 of

smallholder oil palm to increasing yield and food self-sufficiency.

Conclusion:

Keywords: Integration, plant spacing, rice varieties, smallholder oil palm.

INTRODUCTION



The lowland rice yield in Indonesia over the past 5 years (2014-2018) has fluctuated
(BPS Indonesia, 2019). One of the provinces in Indonesia as a contributor to rice yield is North
Sumatra Province, however, the lowland yield is classified as fluctuated from 2006- 2018
(Figure 1). The lowland rice yield fluctuated can be caused by the rice area also has fluctuations
(BPS Sumatera Utara, 2019). The decrease in the area of lowland rice harvesting can be caused
by the conversion of lowland rice to oil palm plantations. The conversion of lowland rice to
plantation plants such as oil palm and rubber. According to Anggari et al., (2016) the cause of
the public (a case study of Trumon Subdistrict, South Aceh District) executes the conversion of
lowland rice into oil palm plantations such as the risk in lowland rice farming is higher, and
economic factors are more profitable. Fauzi, (2005) stated that the lowland rice conversion is
the lack of certainty in the price of lowland rice so that the income from rice is lower compared
to oil palm and rubber plantation.

The decrease in the lowland rice land will have an impact on the deficit of rice stocks in
Indonesia. Rice demand in 2025 is expected to increase by 60%. In supply to food demand then
the government through the ministry of agriculture has been focusing on seven major
commodities in the program to achieve self-sufficiency and increased yield at the 2017 year
through the program UPSUS PAJALE and plans to form 1 million hectares of lowland rice land
until 2019 year (Nuryati et al., 2015).

The effort to form 1 million hectares of lowland rice need to be supported by the use
mature of oil palm plantations through the program integration of lowland rice with oil palm
plants. The application of lowland rice as intercropping among oil palm has been reviewed by
previous researchers without harming the plantations. Bratkovich et al., (1993) stated that the
oil palm can survive in flooded up to 3 months. Colmer and Voesenek, (2009); Dewi, (2009)
reported that the oil palm is classified as very tolerant of flooded. Holidi et al., (2015) stated that

the oil palm can survive in inundation conditions up to 50 days. The results showed that oil



palm in flooded conditions is very beneficial for the growth and development of lowland rice
with £ 3 months to harvest.

Therefore the existence of previous research, it is expected that lowland rice plants will
also be able to grow and produce until harvesting even though some shaded by oil palm canopy.
However, lowland rice in the conditions of shaded will experience disruption of physiological
and biochemical processes. Chozin et al., (1999) stated that one of the inhibitors to the growth
and production of upland rice in intercropping is the occurrence of light deficits reaching the
rice canopy. Low light intensity results in disruption of the rate of photosynthesis and
carbohydrate synthesis and results in a decrease in the rate of growth and yield of plants.

Therefore several alternatives are needed to increase the yield of lowland rice with the
integration of oil palms including the use of shade-tolerant varieties and plant spacing. It is very
difficult to find publications and references of research results with the planting system of
lowland rice in the oil palm plants. According to Murty dan Sahu, (1987); Cabuslay et al.,
(1991); Lubis et al., (1993) planting upland rice in the immature of oil palm area as land use
can reduce yield by up to 70 until 90% in shade conditions > 50% compared to normal light.
Warjido et al., (1990) stated that the plant spacing is important in optimizing the use of sunlight
for photosynthesis, with the result that plants will have balanced growing space. Magfiroh et
al., (2017) stated that the plant spacing of 25 cm x 25 c¢cm can significantly increase panicle
length and the number of grain.panicle of lowland rice of 3.60% and 8.71%, respectively
compared to plant spacing of 20 cm x 20 cm.

The selection of lowland rice varieties has an important role in determining optimal yield
in shaded conditions. Some varieties that can be recommended in the cultivation of lowland rice
released by the Ministry of Agriculture include Inpara 2, Inpari Sidenuk, Inpari 10, and Inpari
4 with an average yield of 5.49; 6.60; 6.00; and 6.04 tons.ha*, respectively. Therefore further

research is needed on the use of several varieties of lowland rice that can



yield in oil palm to support national food security. The purpose of this research was to obtain
high-yielding lowland rice varieties at plant spacing with integrated mature-4 of smallholder oil

palm.

MATERIAL AND METHODS



Land Management

The research integration of lowland rice and mature-4 of oil palm oil with the number
population of 72 trees (0.50 ha) which is located at Titi Payung street, Hamparan Perak
Subdistrict, Deli Serdang District, North Sumatra Province, Indonesia in April until August
2017. This research conducted with the processing of the land using the hand tractor. The soil

was cultivated three folds as deep as 20 cm, using the rotary plow.

Plot Size and Research Design
The plot was made with a size of 10 m x 20 m. This research used the split plot design
with the main-plot is the plant spacing of 4 levels (J1 =25 cm x 20 cm; J,= 25 cm x 25 cm; Jz=
25 cm x 30 cm; and J2 = 25 cm x 35 ¢cm) and sub-plot is lowland rice varieties consisting of 4
varieties, namely (V1 = Inpara 2; (V2 = Inpari 4; (V3 = Inpari 10; and (V4 = Inpari Sidenuk). The

treatment of this research was used the three replications.

Seeding and Planting Process
Seed rice was soaked in water for 24 hours and then drained for 12 hours. The seeds that
have germinated are then sown in the nursery and after 2 weeks were moved to the plot. After
the seedlings are 3 weeks and planting was conducted in the plot following the treatment in
manually, each hole only one plant. The number of plants in the sub-plot was 24 plants with 5

plant samples.

Plant Management
The transfer of seedlings, water has flowed into the plot with a height of 5 cm until the
plant is 45 days old. The insertion was performed during 2 weeks after planting (WAP) or before
the basic fertilization. Weeding was conducted in the initial period until 21 and 42 WAP used
the manually when weeds have 3-4 leaves, then flooded for 1 day. Fertilization was conducted
with N 90 kg.ha, TSP 50 kg.ha, and KC150 kg.ha*. The phosphorus and potassium fertilizer are

given as basic fertilizers and given before transplanting seedlings, while N fertilizer is



given 3 folds such as a week after transplanting, 40 days after transplanting and 65-70 days old.
Pest and disease control is only conducted when the symptoms of an attack have reached the

economic threshold using insecticides, and fungicides that are adjusted to pests/diseases.

Harvesting
Two weeks before harvesting the lowland rice water is drained so that the rice grains
mature quickly. Harvesting was conducted manually using the sickle at the mature plant
physiology marked visually in lowland rice, such as rice grains were yellowed ranged from 90

until 95% or grain moisture content ranges from 22 until 27%.

Parameters and
Analysis Data
Vegetative

Components

The parameters of the vegetative components such as plant height (cm), number of
tillers, and leaf area (cm?). Plant height and number of tillers were measured at 4 and 6 WAP.
Leaf area was measured at harvest by taking a flag leaf from each sample and calculated by the

formula p x 1 x 0.75.

Physiological Components

The parameters of the physiological component such as leaf chlorophyll content
(chlorophyll a, b, and total), fresh weight stover.clump™ (g), and dry weight stover.clump™
(9). The chlorophyll a, b, and total were measured using the UV-Vis spectrophotometer (Hendry
and Grime, 1993). The extraction of chlorophyll was conducted with acetone 80%, the leaves are
weighed 0.1 g, then crushed in the mortal, inserted 10 ml acetone, filtered with Whatman filter
paper. The filtrate was measured for absorbance at 645 nm and 663 nm. The calculation of
chlorophyll a, b and total content using the formula:

Chlorophyll a = (12.7 x A663- 2.69 x A645) x 10! Q)



Chlorophyll b = (22.9 x A645 — 4.68 x AB63) x 101 )

Chlorophyll total = (8.02 x A663 + 20.2 x A645) x 10! (3)



Fresh weight stover.clump™ was cut from the base of the stem at the end of the research,
be weighed, then put into a brown envelope and dried in the sun for 3 days and oven at 60°C for
72 hours to obtain the dry weight stover.clump™ after which it was weighed using analytical

scales.

Yield Component

The parameters of the yield component such as the number of productive tillers, panicle
length (cm), number of grain.panicle™, filled grain (%), empty grain (%), 1000 grains weight
(9), grain yield.plot? (kg), and yield.ha™* (tons). The number of productive tillers was measured
when the plants were flowered, by counting the tillers produce panicles. Panicle length was
measured when the plant has been harvested by measuring the panicle formed.clump™ from the
base to the end of the panicle. The number of grains.panicle™ was calculated by dividing the
total number of grains in the sample with the total number of panicles. The percentage of filled
grains was calculated by dividing the number of filled grains from all panicles of the sample
with the total number of grains. The percentage of empty grains was calculated by dividing the
number of empty grains from all panicles of the sample with the total number of grains. The
1000 grains weight was measured by drying up to moisture content of 14% and take by 1000
rice grains randomly then weighed. The grain yield.plot* was calculated by weighing the filled
grain in each plot and weighed using analytical scales. The vyield.ha was calculated by
converting the average grain yield.plot™

using the formula:

__ Average Yield.Plot™!

Yield/ha—1 x Area of 1 ha 4)

Plot Area

Parameters were analyzed with analysis of variance (ANOVA) and the significant effect was

followed by Duncan's Multiple Range Test (DMRT) at the level of 5%.

RESULTS AND DISCUSSION



Vegetative Components

The results of the ANOV A showed that the varieties, plant spacing and their interaction
not significantly influence the increase in plant height, number of tillers and leaf area of lowland
rice in integrated with mature-4 of smallholder oil palm (Table 1).

The results showed that the plant height of lowland rice varieties was integrated with
mature-4 of smallholder oil palm highest were found in the Inpari Sidenuk variety (Vi) of
70.85 cm and 90.36 cm, respectively at 4 and 6 WAP. The plant spacing of 25 cm x 35 cm (Ja4)
is the spacing that the highest of plant height amounted to 68.90 cm and 87.26 cm, respectively
at 4 and 6 WAP. The number of tillers of lowland rice varieties was integrated with mature-4
of smallholder oil palm the highest was found in Inpari 4 variety (V2) of 7.15 tillers and 12.23
tillers, respectively at 4 and 6 WAP. The number of tillers of lowland rice varieties was
integrated with mature-4 of smallholder oil palm the highest was found in the plant spacing of
25 cm x 30 cm (J3) of 7.18 tillers at 4 WAP, and found in 25 cm x 35 cm (J4) of 12.08 tillers at
6 WAP. The leaf area of lowland rice varieties was integrated with mature-4 of smallholder oil
palm the highest was found in the Inpari Sidenuk variety (V) of 26.27 cm?, and plant spacing
of 25 cm x 25 cm (J2) amounted to 38.97 cm?,

Rice variety of Inpari Sidenuk (Vi) and plant spacing of 25 cm x 25 cm (J2) in
integration with mature-4 of smallholder oil palm can adapt to the low light intensity, this is
evidenced by the highest leaf area compared to the others treatment. According to Levitt, (1980)
an adaptation of plants to shade can be conducted through avoidance that is associated with
response to changes in the anatomy and morphology of leaves for photosynthesis efficient. The
efficiency of increasing light capture can be conducted by increasing the area of light capture,
by increasing the leaf area. Yeo, (1994); Santosa et al., (2000); Sopandie et al., (2006) stated
that the low light in upland rice cause disturbed metabolic processes which have implications

for decreasing the rate of photosynthesis and carbohydrate synthesis.



Physiological Components

The results of the ANOVA showed that planting spacing significantly increased the
fresh weight stover.clump™, however not significantly increased the chlorophyll a, b, total, and
dry weight stover.clump™® of lowland rice. Varieties and their interactions not significant effect
in increasing the physiological component of lowland rice in integrated with mature-4 of
smallholder oil palm (Table 2).

The results showed that the Inpari 4 variety had higher levels of chlorophyll a, b, and
total of 3.57 mg.cm?, 4.54 mg.cm?, and 8.11 mg.cm?, respectively compared to other varieties.
The chlorophyll a, b, and total of lowland rice varieties were integrated with mature-4 of
smallholder oil palm the highest was found in the plant spacing of 25 cm x 35 cm (Ja) of 3.59
mg.cm?, 4.59 mg.cm?, and 8.18 mg.cm?, respectively compared to other plant spacing. Lowland
rice varieties are very tolerant of shading were showed that the change in morphological
character (leaf area) as lower compared to sensitive varieties. The effect of plant spacing of 25
cm x 35 cm (J4) has an impact on the amount of light that can be absorbed by lowland rice
because the spacing between plants is relatively wider compared to other plant spacing. Chozin
et al., (1999); Sopandie et al., (2003) stated that the character of rice was decreased in low light
conditions both sensitive and tolerant varieties, however, the tolerant varieties, the decrease is
relatively lower. Nasution, (2009) stated that the one row spacing of corn plants have
chlorophyll content of 49.51 unit.mm? which is higher compared to the two rows spacing of
48.95 unit.mm?d, an increased in the chlorophyll content of corn plants by 1.14% in the one-row
spacing compared to the two-rows spacing.

The results showed that the fresh weight stover.clump™? of lowland rice varieties the
highest in integrated with mature-4 of smallholder oil palm was found in the Inpari Sidenuk
(V4) variety and was not significantly different of the other varieties. The plant spacing of Jo- Ja

(25 cm x 25 cm; 25 cm x 30 cm; 25 cm x 35 c¢cm) can significantly increased the fresh



weight stover.clump™ of 13.53 g, 13.29 g, and 13.22 g, respectively. The plant spacing of Jo-Js
is the plant spacing were wider compared to Ji. The extent of plant spacing used will have an
impact on the ability of rice plants to absorb light, nutrients, and water. According to Barri,
(2003), the plant spacing system affects the light, wind, and nutrients obtained by plants which
in turn gives a different effect on plant growth and yield parameters. Pedersen and Lauer, (2003)
stated that the soybean yield was increased by 4% with increasing row spacing from 19 cm to
76 cm in the first year.

The results showed that the dry weight stover.clump™ of lowland rice varieties in
integrated with mature-4 of smallholder oil palm the highest was found in the Inpari 10 variety
(V3) of 3.95 g and was not significant compared to other varieties. The plant spacing of 25 cm
x 25 cm (J2) gives effect the dry weight stover.clump™? the highest of 3.78 g and was not

significant compared to other plant spacing.

Yield Components

The results of the ANOVA stated that the lowland rice varieties in integrated with
mature-4 of smallholder oil palm can significantly increase grain yield.plot?® and yield.ha™.
Plant spacing can significantly increase the lowland rice yield components except for the
number of productive tillers, while their interaction had not significantly affect on yield
components (Table 3).

The results were indicated that the Inpari Sidenuk variety can increase the highest grain
yield.plot™ and yield.ha® of 0.42 kg and 3.36 tons, respectively and was significantly different
from other varieties. While the other yield components were not significantly different between
the varieties tested. This is caused the highest leaf area found in the Inpari Sidenuk variety of
26.27 cm? compared to the others (Table 1). The extent of the leaves will affect the amount of

chlorophyll in forming photosynthates and increased lowland rice grain



yield. According to Johnston and Onwueme, (1998) stated that the plants will adaption to the
stress of low light intensity by increasing the efficiency of light capture through increasing the
amount of chlorophyll per unit leaf area. The increasing rate of photosynthesis the higher
carbohydrates are formed. The carbohydrates that are available in large quantities will increase
chlorophyll synthesis will result that chlorophyll rate is higher in shaded leaves.

The results were indicated that the highest percentage of empty grain was found in the
plant spacing of 25 cm x 20 cm amounted to 29.61%. The plant spacing of 25 cm x 25 cm (J2)
can significantly increase the panicle length, number of grains.panicles™, percentage of filled
grain, 1000 grains weight, grain yield.plot™, and yield.ha? compared to other plant spacing.
This causes the plant spacing of 25 cm x 25 cm (J2) contributing to the highest increase in the
physiological character (fresh weight stover.clump™) of lowland rice plants compared to other
plant spacing (Table 2). The effect of plant spacing on the physiological response will have an
impact on the yield component of lowland rice yield in integrated with mature-4 of smallholder
oil palm. Rice plants are shaded stress or low light intensity will experience changes in
morphological, anatomical, physiological, and biochemical characters that will have an impact
on crop production. According to Vogelman and Martin, (1993) the light intensity will affect
the shape and anatomy of leaves including epidermal and mesophyll cell types. Taiz and Zeiger,
(2002) stated that the shaded leaves of plants will be thinner and wider compared to leaves of
plants in normal light intensity, which is caused by the reduction in the palisade layer and
mesophyll cells. Hale and Orchutt, (1987); Okada et al., (1992) stated that the physiological
response of plants to shaded-stress, namely increasing the number of chloroplasts per leaf area
and increasing the amount of chlorophyll in chloroplasts. Maxwell et al., (1999) stated that the
low light intensity will affect chloroplasts in plants, namely an increase in the number of
chloroplasts per cell, the volume of chloroplasts and thylakoid membranes, and stack granum

as in Gusmania monostachia. Bruggeman and Danborn, (1993)



stated that the shade was caused by the low activity of Rubisco whereas functions to bind CO-
and Ribulose bisphosphate (RuBP) in the Calvin cycle which produces 3-PGA. Sopandie,
(2013) stated that the low light intensity during flowering in rice caused a decrease in
carbohydrate, protein, auxin, proline, and cytokinin content, however, it increased the
gibberellins and dissolved N content in panicles. Thorne and Koller, (1974) stated that the
reduction of photosynthate at low light intensity can be related to the high resistance of stomata
and mesophyll cells to COz exchange. In low light conditions were decreased the carboxylase

and RuBP activity.

CONCLUSION



Inpari Sidenuk variety can increase grain yield.plot™ and yield.ha? the highest of 0.42
kg and 3.36 tons, respectively compared to other varieties. The plant spacing of J2-J4 (25 cm X
25 cm; 25 ¢cm x 30 cm; 25 cm x 35 cm) can increase the fresh weight stover.clump™ of 13.53
g, 13.29 g, and 13.22 g, respectively. In overall, plant spacing of 25 cm x 25 cm (J2) can increase
the panicle length, number of grain.panicles™, percentage of filled grain, 1000 grains weight,
grain yield.plot, and yield.ha™ compared to other plant spacing. The interaction of lowland
rice varieties with plant spacing was not significantly the vegetative, physiological, and yield
components in integrated with mature-4 of smallholder oil palm. The use of Inpari Sidenuk
variety with the plant spacing of 25 cm x 25 cm can be used in integrated with mature-4 of

smallholder oil palm in support of increased yield.ha* and food self-sufficiency.
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TABLES

Table 1. Vegetative components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Plant Height (cm) Number of Tillers Leaf Area

Treatment AWAP  6WAP  4WAP  6WAP (cm?)
Varieties (V)
V1 = Inpara 2 61.08 83.37 6.28 10.00 24.40
V2= Inpari 4 66.73 84.31 7.15 12.23 22.90
V3= Inpari 10 68.53 85.55 6.85 12.00 25.41
V. = Inpari Sidenuk 70.85 90.36 6.81 11.60 26.27
Plant Spacing (J)
J1 = (25 cm x 20 cm) 66.28 84.38 6.41 11.05 23.04
Jo = (25 cm x 25 cm) 67.12 86.64 6.68 11.06 36.04
J3 = (25 cm x 30 cm) 64.91 85.30 7.18 11.64 20.09
Ja=(25cm x 35 cm) 68.90 87.26 6.83 12.08 19.81

Note: The means followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test.

Table 2. Physiological component of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Chlorophyll (mg.cm?) Fresh weight Dry weight
Perlakuan a b Total stover.clump™ stover.clump™

(@) @)

Varieties (V)

V1 = Inpara 2 3.25 4.52 7.77 12.70 3.30

V2= Inpari 4 3.57 4.54 8.11 12.44 3.45

V3= Inpari 10 3.53 4.17 7.70 12.18 3.95

V.4 = Inpari Sidenuk 3.48 4.16 7.64 13.51 3.55

Plant Spacing (J)

Ji1 = (25 cm x 20 cm) 3.32 4.00 7.32 10.80 b 3.08

J2 = (25 cm x 25 cm) 3.35 4.37 7.72 13.53 a 3.78

Jz = (25 cm x 30 cm) 3.57 4.44 8.00 13.29 a 3.73

Ja = (25 cm x 35 cm) 3.59 4.59 8.18 13.22 a 3.66

Note: The means followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test.



Table 3. Yield components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Treatment
Parameters V1 V2 V3 V4
Inpara 2 Inpari 4 Inpari 10 Inpari Sidenuk
Number of productive tillers 8.00 7.24 8.41 10.05
Panicle length (cm) 21.98 22.34 22.83 22.46
number of grain.panicle™ 118.70 122.05 134.38 140.27
Filled grain (%) 72.52 77.81 87.39 87.25
Empty grain (%) 32.05 27.97 9.76 8.08
1000 grains weight (g) 20.66 22.20 24.04 24.89
Grain yield.plot™ (kg) 0.11d 0.10c 0.38b 0.42a
Yield.ha? (ton) 0.85¢ 0.83c 3.02b 3.36 a
Ji J> 33 Ja
(25x20cm) (25x25cm) (25x%30cm) (25x%35¢cm)

Number of productive tillers 6.80 10.28 9.00 7.61
Panicle length (cm) 19.88 d 24.68 a 23.09 b 21.97 c
number of grain.panicle™ 108.35d 145.00 a 137.40 b 124.65c
Filled grain (%) 72.09d 89.76 a 85.05b 78.07 ¢
Empty grain (%) 29.62 a 17.56 b 16.04 ¢ 14.64 d
1000 grains weight (g) 19.77 ¢ 2531 a 23.54 b 23.18 b
Grain yield.plot™ (kg) 0.22d 0.31a 0.25b 0.23 ¢
Yield.ha? (ton) 1.76 d 2.50 a 2.00 b 181c

Note: The means followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test.
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Figure 1. The condition of land area and productivity of rice in the North Sumatra Province in 2006 until 2018 (Source: BPS Sumatera Utara,
2019).

Revisi 1

Evaluation Report
Final Decision: Reconsider for Evaluation after Modifications and Clarifications

Article No.:103764-AJPS-ANSI Article Type:

Research articleTable Available: 3 Tables cited: 3

Figures Available: 1 Figures cited: 1
Manuscript falls in the scope of the journal? Yes

My observations/comments about this article are:

No. | Part Comments Author Response

1. Cover letter e Overall OK Thank you




Write up Overall OK Thank you

Title Title does not make any sense. Keep in mind | The title was changed according to your
that Title is the main part of the study which | suggestion.
attracts the reader’s attention. Therefore,
rewrite the Title.

Running Title Overall OK

Author’s Information Overall OK

Author’s Contribution Overall OK Thank you

Abstract

Overall OK




8. Keywords Author didn’t incorpoate the followimg | The keywords was changed according to your
chnages. suggestion.
Author must provide at least 7 key words.
Which must be unique.

9. | Introduction Overall OK Thank you

10. | Materials and Methods Overall OK Thank you

11. | Results Overall OK Thank you

12. | Figures Overall OK Thank you

13. | Tables Overall OK The tables was changed according to your

suggestion.

14. | Discussion Overall OK Thank you

15. | Conclusion Overall OK Thank you

16. | Acknowledgement - -

17. | Significance Statement Overall OK The significance statement was changed.

18. | References Author is requested to complete all the | The references was changed according to Asian

incomplete sentences used throughout the
manuscript. For example:
*has reported that 75 — 90% of world rural

Journal of Plant Science format.




populations suffering from water pollution. is an
incomplete sentence.

Author must add the scientist name to make the
sentence complete and well defined as

mentioned below:

Sarwar has reported that 75 — 90% of world rural
populations suffering from water pollution.

Provide DOI or URL of all listed references. DOI
is mandatory, without DOI your article will not
be able for further processing. If you can’t find
DOI or URL then replace your references with
suitable and active references which can be

tracked easily.
All references must be in English language.

It is to inform you that, Research gate links are
not acceptable. Provide original and authentic
DOI or URLS. If you can’t find DOI or URL
rather than research gate then replace these
references with most suitable and track able
references. Original DOI or URL is mandatory

for all the references present in reference list.




Guidelines to attend the Comments:

e Author is requested to please highlight the amended portion in the manuscript. It will be more helpful for us in cross checking of
suggested modifications.

e Please give your response in the Evaluation report as well under the column “Author Response” for all the parts of the manuscript.

Incorporate all the recommended modifications



Vegetative, Physiological and Yield of Rice Varieties on Plant
Spacing in Integrated Mature-4 of Smallholder

Qil Palm

Alridiwirsah'”, Erwin Masrul Harahap?, Erwin Nyak Akoeb®, Hamidah Hanum?
!Program Study of Agrotechnology, Faculty of Agriculture, University of Muhammadiyah
Sumatera Utara, Medan 20238, Indonesia.
2Program Study of Agrotechnology, Faculty of Agriculture, Universitas Sumatera Utara,
Padang Bulan, Medan 20155, Indonesia
3Indonesian Oil Palm Research Institute, JI. Brigjen Katamso No. 51 Medan 20158, Sumatera
Utara, Indonesia.

*Corresponding author: alridiwirsah@gmail.com

LiveDNA submitting author:
62.32402 LiveDNA corresponding
author: 62.32440* Authors

contribution:

Name of the author and e-mail ID Types of contribution
Alridiwirsah Main/Subsidiary Researcher, Data
Email: alridiwirsah@gmail.com Analyzer, Design of Materials and

Methods, Writer of the Discussion, &
Methodologist

Erwin Masrul Harahap Improve of the Materials and Methods
Email: -

Erwin Nyak Akoeb Improve of the Materials and Methods
Email: -

Hamidah Hanum Improve of the Introduction and Results
Email: -

Running title: Integrated of Lowland Rice in Oil Palm

Conflict of interest: The authors have declared no conflict of interest


mailto:alridiwirsah@gmail.com
mailto:alridiwirsah@gmail.com

ABSTRACT

Background and Objective: The effort of lowland rice need to be supported by the
program integration of lowland rice with oil palm plants to food self-sufficiency. The research
was aimed to obtain the vegetative, physiological, and yield components of several varieties of
lowland rice with specific plant spacing in integrated mature-4 of smallholder oil palm.

Material and Methods:. The research used the split-plot design with the main-plot is
the plant spacing (Ji= 25 cm x 20 cm; Jo= 25 cm X 25 cm; J3= 25 cm % 30 cm; and J4= 25 cm
x 35 cm) and sub-plots is the rice varieties (V1= Inpara 2; V= Inpari 4; V3= Inpari 10; and V4=
Inpari Sidenuk). Parameters were analyzed by ANOVA and the means effect was followed by
DMRT at level of 5%.

Results: The results showed that the Inpari Sidenuk variety significantly increased the
grain yield.plot™ and the highest yield.ha of 0.42 kg and 3.36 tons, respectively compared to
other varieties. The plant spacing of 25 cm x 25 cm (J2), 25 cm x 30 cm (Js), and 25 cm x 35
cm (J4) can significantly increase the fresh weight stover.clump™ of 13.53 g; 13.29 g; and
13.22 g, respectively. In overall, plant spacing of 25 cm x 25 c¢m can increase the panicle
length, number of grain.panicle?, percentage of filled grain, 1000 grains weight, grain
yield.plot?, and yield.ha compared to other plant spacing.

Conclusion: The use of Inpari Sidenuk variety with the plant spacing of 25 cm x 25 cm
has the potential to be recommended in integrated with mature-4 of smallholder oil palm to
increasing yield and food self-sufficiency.

Keywords: Integration, plant spacing, rice varieties, smallholder oil palm.

INTRODUCTION



The lowland rice yield in Indonesia over the past 5 years (2014-2018) has fluctuated?.
One of the provinces in Indonesia as a contributor to rice yield is North Sumatra Province,
however, the lowland yield is classified as fluctuated from 2006 until 2018 The lowland rice
yield fluctuated can be caused by the rice area also has fluctuations?. The decrease in the area
of lowland rice harvesting can be caused by the conversion of lowland rice to oil palm
plantations. The conversion of lowland rice to plantation plants such as oil palm and rubber.
3The cause of the public executes the conversion of lowland rice into oil palm plantations such
as the risk in lowland rice farming is higher, and economic factors are more profitable in Trumon
sub-District, South Aceh District). “stated that the lowland rice conversion is the lack of
certainty in the price of lowland rice so that the income from rice is lower compared to oil palm

and rubber plantation.

The decrease in the lowland rice land will have an impact on the deficit of rice stocks in
Indonesia. Rice demand in 2025 is expected to increase by 60%. In supply to food demand then
the government through the ministry of agriculture has been focusing on seven major
commodities in the program to achieve self-sufficiency and increased yield at the 2017 year
through the program “UPSUS PAJALE” and plans to form 1 million hectares of lowland rice

land until 2019 year®.



The effort to form 1 million hectares of lowland rice need to be supported by the use
mature of oil palm plantations through the program integration of lowland rice with oil palm
plants. The application of lowland rice as intercropping among oil palm has been reviewed by
previous researchers without harming the plantations. Sstated that the oil palm can survive in
flooded up to 3 months. "®reported that the oil palm is classified as very tolerant of flooded.
Sstated that the oil palm can survive in inundation conditions up to 50 days. The results showed
that oil palm in flooded conditions is very beneficial for the growth and development of lowland
rice with £ 3 months to harvest.

Therefore the existence of previous research, it is expected that lowland rice plants will
also be able to grow and produce until harvesting even though several shaded by oil palm
canopy. However, lowland rice in the conditions of shaded will experience disruption of
physiological and biochemical processes. '%stated that one of the inhibitors to the growth and
production of upland rice in intercropping is the occurrence of light deficits reaching the rice
canopy. Low light intensity results in disruption of the rate of photosynthesis and carbohydrate
synthesis and results in a decrease in the rate of growth and yield of plants.

Therefore several alternatives are needed to increase the yield of lowland rice with the
integration of oil palms including the use of shade-tolerant varieties and plant spacing. It is very
difficult to find publications and references of research results with the planting system of
lowland rice in the oil palm plants. According to '*'?%3planting upland rice in the immatureof
oil palm area as land use can reduce yield by up to 70 until 90% in shade conditions > 50%
compared to normal light. *stated that the plant spacing is important in optimizing the use of
sunlight for photosynthesis, with the result that plants will have balanced growing space.
Bstated that the plant spacing of 25 cm x 25 cm can significantly increase panicle length and
the number of grain.panicle™? of lowland rice of 3.60% and 8.71%, respectively compared to

plant spacing of 20 cm x 20 cm.



. The purpose of this research was to obtain high-yielding lowland rice varieties at

plant spacing with integrated mature-4 of smallholder oil palm.



MATERIAL AND METHODS

Land Management

The research integration of lowland rice and mature-4 of oil palm oil with the number
population of 72 trees or 0.50 ha which is located at Titi Payung Street, Hamparan Perak sub-
District, Deli Serdang District, North Sumatra Province, Indonesia in April until August 2017.
This research was conducted with the processing of the land using the hand tractor. The soil

was cultivated three folds as deep as 20 cm, using the rotary plow.

Plot Size and Research Design
The plot was made with a size of 10 m x 20 m. This research used the split plot design
with the main-plot is the plant spacing of 4 levels (J1 =25 cm x 20 cm; J>= 25 cm x 25 cm; Jz=
25 cm x 30 cm; and Js = 25 cm x 35 cm) and sub-plot is lowland rice varieties consisting of 4
varieties, namely (V1 = Inpara 2; (V2 = Inpari 4; (V3 = Inpari 10; and (V4 = Inpari Sidenuk). The

treatment of this research was used the three replications.

Seeding and Planting Process
Seed rice was soaked in water for 24 hours and then drained for 12 hours. The seeds that
have germinated are then sown in the nursery and after 2 weeks were moved to the plot. After
the seedlings are 3 weeks and planting was conducted in the plot following the treatment in
manually, each hole only one plant. The number of plants in the sub-plot was 24 plants with

five plant samples.

Plant Management
The transfer of seedlings, water has flowed into the plot with the height of 5 cm until the
plant is 45 days old. The insertion was performed during 2 weeks after planting (WAP) or before
the basic fertilization. Weeding was conducted in the initial period until 21 and 42 WAP used
the manually when weeds have 3 to 4 leaves, then flooded for 1 day. Fertilization was conducted

with N 90 kg.ha?, TSP 50 kg.ha, and KCI 50 kg.ha™. The phosphorus and



potassium fertilizer are given before transplanting seedlings, while N fertilizer is given 3 folds
such as a week after transplanting, 40 days after transplanting and 65 to 70 days old. Pest and
disease control is only conducted when the symptoms of an attack have reached the economic

threshold using insecticides, and fungicides that are adjusted to pests/diseases.

Harvesting
Two weeks before harvesting the lowland rice water is drained so that the rice grains
mature quickly. Harvesting was conducted manually using the sickle at the mature plant
physiology marked visually in lowland rice, such as rice grains were yellowed ranged from 90

until 95% or grain moisture content ranges from 22 until 27%.

Parameters and Analysis
DataVegetative

Components

The parameters of the vegetative components such as plant height (cm), number of
tillers, and leaf area (cm?). Plant height and number of tillers were measured at 4 and 6 WAP.
Leaf area was measured at harvest by taking a flag leaf from each sample and calculated by the

formula p x 1 x 0.75.

Physiological Components

The parameters of the physiological component such as leaf chlorophyll content
(chlorophyll a, b, and total), fresh weight stover.clump™ (g), and dry weight stover.clump™ (g).
The chlorophyll a, b, and total were measured using the UV-Vis spectrophotometer®. The
extraction of chlorophyll was conducted with acetone 80%, the leaves are weighed 0.1 g, then
crushed in the mortal, inserted 10 ml acetone, filtered with Whatman filter paper. The filtrate was
measured for absorbance at 645 nm and 663 nm. The calculation of chlorophyll a, b and total
content using the formula:

Chlorophyll a = (12.7 x A663- 2.69 x A645) x 10! Q)

Chlorophyll b = (22.9 x A645 — 4.68 x A663) x 10! (2



Chlorophyll total = (8.02 x A663 + 20.2 x A645) x 101 (3)
Fresh weight stover.clump™ was cut from the base of the stem at the end of the research,
be weighed, then put into a brown envelope and dried in the sun for 3 days and oven at 60°C
for 72 hours to obtain the dry weight stover.clump™ after which it was weighed using analytical

scales.

Yield Component

The parameters of the yield component such as the number of productive tillers, panicle
length (cm), number of grain.panicle™, filled grain (%), empty grain (%), 1000 grains weight
(9), grain yield.plot™ (kg), and yield.ha? (tons). The number of productive tillers was measured
when the plants were flowered, by counting the tillers produce panicles. Panicle length was
measured when the plant has been harvested by measuring the panicle formed.clump™ from the
base to the end of the panicle. The number of grains.panicle™ was calculated by dividing the
total number of grains in the sample with the total number of panicles. The percentage of filled
grains was calculated by dividing the number of filled grains from all panicles of the sample
with the total number of grains. The percentage of empty grains was calculated by dividing the
number of empty grains from all panicles of the sample with the total number of grains. The
1000 grains weight was measured by drying up tomoisture content of 14% and take by 1000
rice grains randomly then weighed. The grain yield.plot? was calculated by weighing the filled
grain in each plot and weighed using analytical scales. The yield.ha! was calculated by
converting the average grain yield.plot™

using the formula:

__ Average Yield.Plot™1

Yield/ha—1 x Area of 1 ha 4)

Plot Area

Parameters were analyzed with analysis of variance (ANOVA) and the significant effect was

followed by Duncan's Multiple Range Test (DMRT) at the level of 5%.



RESULTS AND DISCUSSION

Vegetative Components

The results of the ANOV A showed that the varieties, plant spacing and their interaction
not significantly influence the increase in plant height, number of tillers and leaf area of lowland
rice in integrated with mature-4 of smallholder oil palm (Table 1).

Table 1. Vegetative components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Plant Height (cm) Number of Tillers Leaf Area

Treatment AWAP  6WAP  4WAP  6WAP (cm?)
Varieties (V)
V1 = Inpara 2 61.08 83.37 6.28 10.00 24.40
V2= Inpari 4 66.73 84.31 7.15 12.23 22.90
V3= Inpari 10 68.53 85.55 6.85 12.00 25.41
V4 = Inpari Sidenuk 70.85 90.36 6.81 11.60 26.27
Plant Spacing (J)
Ji=(25cmx 20 cm) 66.28 84.38 6.41 11.05 23.04
J2=(25cmx 25 cm) 67.12 86.64 6.68 11.06 36.04
J3=(25cmx 30 cm) 64.91 85.30 7.18 11.64 20.09
Js=(25cmx 35 cm) 68.90 87.26 6.83 12.08 19.81

Note: Weeks after planting (WAP). The means followed by the same letter are not significantly different at the
5% level by Duncan Multiple Range Test.

The results showed that the plant height of lowland rice varieties was integrated with
mature-4 of smallholder oil palm highest were found in the Inpari Sidenuk variety (Va) of
70.85 cm and 90.36 cm, respectively at 4 and 6 WAP. The plant spacing of 25 cm x 35 cm (J4)
is the spacing that the highest of plant height amounted to 68.90 cm and 87.26 cm, respectively
at 4 and 6 WAP. The number of tillers of lowland rice varieties was integrated with mature-4
of smallholder oil palm the highest was found in Inpari 4 variety (V2) of 7.15 tillers and 12.23
tillers, respectively at 4 and 6 WAP. The number of tillers of lowland rice varieties was
integrated with mature-4 of smallholder oil palm the highest was found in the plant spacing of
25 cm x 30 cm (Js) of 7.18 tillers at 4 WAP, and found in 25 cm x 35 cm (J4) of 12.08 tillers at
6 WAP. The leaf area of lowland rice varieties was integrated with mature-4of smallholder oil
palm the highest was found in the Inpari Sidenuk variety (V4) of 26.27 cm?,and plant spacing

of 25 cm x 25 cm (J2) amounted to 38.97 cm?.



Rice variety of Inpari Sidenuk (V) and plant spacing of 25 cm x 25 cm (J2) in integration

with mature-4 of smallholder oil palm can adapt to the low light intensity, this is evidenced by

the highest leaf area compared to the others treatment. According to plant adaptation to shade

can be conducted through avoidance that is associated with response to changes in the anatomy

and morphology of leaves for photosynthesis efficient. The efficiencyof increasing light capture

can be conducted by increasing the area of light capture, by increasing the leaf area. 8192stated

that the low light in upland rice cause disturbed metabolic processes which have implications

for decreasing the rate of photosynthesis and carbohydrate synthesis.

Physiological Components

The results of the ANOVA showed that the plant spacing significantly increased the

fresh weight stover.clump™, however not significantly increased the chlorophyll a, b, total, and

dry weight stover.clump™ of lowland rice. Varieties and their interactions not significant effect

in increasing the physiological component of lowland rice in integrated with mature-4 of

smallholder oil palm (Table 2).

Table 2. Physiological component of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Chlorophyll (mg.cm?) Fresh weight Dry weight
Perlakuan a b Total stover.clump®  stover.clump

(9) (9)

Varieties (V)

V1 = Inpara 2 3.25 4.52 7.77 12.70 3.30

V2= Inpari 4 3.57 4.54 8.11 12.44 3.45

V3= Inpari 10 3.53 4.17 7.70 12.18 3.95

V4 = Inpari Sidenuk 3.48 4.16 7.64 13.51 3.55

Plant Spacing (J)

Ji = (25 cmx 20 cm) 3.32 4.00 7.32 10.80 b 3.08

J2 = (25 cm x 25 cm) 3.35 4.37 7.72 13.53 a 3.78

J3 = (25 cm x 30 cm) 3.57 4.44 8.00 13.29 a 3.73

Ja=(25cmx 35 cm) 3.59 4.59 8.18 13.22 a 3.66

Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple

Range Test



The results showed that the Inpari 4 variety had higher levels of chlorophyll a, b, and
total of 3.57 mg.cm?, 4.54 mg.cm?, and 8.11 mg.cm?, respectively compared to other varieties.
The chlorophyll a, b, and total of lowland rice varieties were integrated with mature-4 of
smallholder oil palm the highest was found in the plant spacing of 25 cm x 35 cm(Js) of 3.59
mg.cm?, 4.59 mg.cm?, and 8.18 mg.cm?, respectively compared to other plant spacing. Lowland
rice varieties are very tolerant of shading were showed that the change in morphological
character (leaf area) as lower compared to sensitive varieties. The effect of plant spacing of 25
cm x 35 cm (J4) has an impact on the amount of light that can be absorbedby lowland rice
because the spacing between plants is relatively wider compared to other plant spacing.
10.21stated that the character of rice was decreased in low light conditions both sensitive and
tolerant varieties, however, the tolerant varieties, the decrease is relatively lower. *stated that
the one row spacing of corn plants have chlorophyll content of 49.51 unit.mm?® which is higher
compared to the two rows spacing of 48.95 unit.mm?3, an increased in the chlorophyll content
of corn plants by 1.14% in the one-row spacing compared to the two-rows spacing.

The results showed that the fresh weight stover.clump™ of lowland rice varieties the
highest in integrated with mature-4 of smallholder oil palm was found in the Inpari Sidenuk
(V4) variety and was not significantly different of the other varieties. The plant spacing of J2- Ja
(25 cm x 25 cm; 25 cm x 30 cm; 25 cm x 35 cm) can significantly increased the fresh weight
stover.clump™ of 13.53 g, 13.29 g, and 13.22 g, respectively. The plant spacing of J,-Jsis the
plant spacing were wider compared to Ji. The extent of plant spacing used will have an impact
on the ability of rice plants to absorb light, nutrients, and water. According to Z*the plant spacing
system affects the light, wind, and nutrients obtained by plants which in turn gives a different
effect on plant growth and yield parameters. ?*stated that the soybean yield was increased by

4% with increasing row spacing from 19 cmto 76 cm in the first year.



The results showed that the dry weight stover.clump™ of lowland rice varieties in
integrated with mature-4 of smallholder oil palm the highest was found in the Inpari 10 variety
(V3) of 3.95 g and was not significant compared to other varieties. The plant spacing of 25 cm
X 25 cm (J2) gives effect the dry weight stover.clump™® the highest of 3.78 g and was not

significant compared to other plant spacing.

Yield Components
The lowland rice varieties in integrated with mature-4 of smallholder oil palm can
significantly increase grain yield.plot™ and yield.ha™. Plant spacing can significantly increase
the lowland rice yield components except for the number of productive tillers, while their
interaction had not significantly affect on yield components (Table 3).

Table 3. Yield components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Treatment
Parameters V1 V2 V3 V4
Inpara 2 Inpari 4 Inpari 10 Inpari Sidenuk
Number of productive tillers 8.00 7.24 8.41 10.05
Panicle length (cm) 21.98 22.34 22.83 22.46
number of grain.panicle™ 118.70 122.05 134.38 140.27
Filled grain (%) 72.52 77.81 87.39 87.25
Empty grain (%) 32.05 27.97 9.76 8.08
1000 grains weight (g) 20.66 22.20 24.04 24.89
Grain yield.plot? (kg) 0.11d 0.10c 0.38Db 0.42a
Yield.ha* (ton) 0.85¢c 0.83¢c 3.02Db 3.36 a
Jl Jz \]3 J4
(25x20cm) (25x25cm) (25%30cm) (25x35cm)
Number of productive tillers 6.80 10.28 9.00 7.61
Panicle length (cm) 19.88d 24.68 a 23.09b 21.97 ¢
number of grain.panicle™ 108.35d 145.00 a 137.40 b 124.65 ¢
Filled grain (%) 72.09d 89.76 a 85.05b 78.07 c
Empty grain (%) 29.62 a 1756 b 16.04 c 14.64d
1000 grains weight (g) 19.77 ¢ 25.31a 23.54 b 23.18 b
Grain yield.plot? (kg) 0.22d 0.31a 0.25b 0.23¢c
Yield.ha* (ton) 1.76 d 2.50 a 2.00b 181c
Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple

Range Test

The results were indicated that the Inpari Sidenuk variety can increase the highest grain

yield.plot™ and yield.ha® of 0.42 kg and 3.36 tons, respectively and was significantly



different from other varieties. While the other yield components were not significantly different
between the varieties tested. This is caused the highest leaf area found in the Inpari Sidenuk
variety of 26.27 cm? compared to the others (Table 1). The extent of the leaves will affect the
amount of chlorophyll in forming photosynthates and increased lowland rice grain yield.
According to ?°stated that the plants will adaption to the stress of low light intensity by
increasing the efficiency of light capture through increasing the amount of chlorophyll per unit
leaf area. The increasing rate of photosynthesis the higher carbohydrates are formed. The
carbohydrates that are available in large quantities will increase chlorophyll synthesis will result
that chlorophyll rate is higher in shaded leaves.

The results were indicated that the highest percentage of empty grain was found in the
plant spacing of 25 cm x 20 cm amounted to 29.61%. The plant spacing of 25 cm x 25 cm (J2)
can significantly increase the panicle length, number of grains.panicles™, percentage of filled
grain, 1000 grains weight, grain yield.plot™, and yield.ha? compared to other plant spacing.
This causes the plant spacing of 25 cm x 25 ¢cm (J2) contributing to the highest increase in the
physiological character (fresh weight stover.clump™) of lowland rice plants compared to other
plant spacing (Table 2). The effect of plant spacing on the physiological response will have an
impact on the yield component of lowland rice yield in integrated with mature-4 of smallholder
oil palm. Rice plants are shaded stress or low light intensity will experience changes in
morphological, anatomical, physiological, and biochemical characters that will have an impact
on crop production. According to %the light intensity will affect the shape and anatomy of leaves
including epidermal and mesophyll cell types. ?’stated that the shaded leaves of plants will be
thinner and wider compared to leaves of plants in normal light intensity, which is caused by the
reduction in the palisade layer and mesophyll cells. 282%statedthat the physiological response of
plants to shaded-stress, namely increasing the number of chloroplasts per leaf area and

increasing the amount of chlorophyll in chloroplasts. *stated



that the low light intensity will affect chloroplasts in plants, namely an increase in the number
of chloroplasts per cell, the volume of chloroplasts and thylakoid membranes, and stack granum
as in Gusmania monostachia. !stated that the shade was caused by the low activity ofRubisco
whereas functions to bind CO and Ribulose bisphosphate (RuBP) in the Calvin cycle which
produces 3-PGA. ®2stated that the low light intensity during flowering in rice caused a decrease
in carbohydrate, protein, auxin, proline, and cytokinin content, however, it increased the
gibberellins and dissolved N content in panicles. *3stated that the reduction of photosynthate at
low light intensity can be related to the high resistance of stomata and mesophyll cells to CO;

exchange. In low light conditions were decreased the carboxylase and RuBP activity.



CONCLUSION

Inpari Sidenuk variety can increase grain yield.plot™ and yield.ha* the highest of 0.42
kg and 3.36 tons, respectively compared to other varieties. The plant spacing of J>-J4 (25 cm X
25 cm; 25 cm x 30 cm; 25 cm x 35 ¢cm) can increase the fresh weight stover.clump® of 13.53
g, 13.29 g, and 13.22 g, respectively. In overall, plant spacing of 25 cm x 25 cm (J2) can
increase the panicle length, number of grain.panicles™, percentage of filled grain, 1000 grains
weight, grain yield.plot™, and yield.ha? compared to other plant spacing. The interaction of
lowland rice varieties with plant spacing was not significantly the vegetative, physiological,
and yield components in integrated with mature-4 of smallholder oil palm. The use of Inpari
Sidenuk variety with the plant spacing of 25 cm x 25 cm can be used in integrated with
mature-4 of smallholder oil palm in support of increased yield.ha* and food self-sufficiency.
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ABSTRACT

Background and Objective: The effort of lowland rice need to be supported by the
program integration of lowland rice with oil palm plants to food self-sufficiency. The research
was aimed to obtain the vegetative, physiological, and yield components of several varieties
of lowland rice with specific plant spacing in integrated mature-4 by smallholder of oil palm.

Material and Methods:. The research used the split-plot design with the main-plot is
the plant spacing (Ji= 25 cm x 20 cm; Jo= 25 cm x 25 cm; J3= 25 cm % 30 cm; and J4= 25 cm
x 35 cm) and sub-plots is the rice varieties (V1= Inpara 2; V2= Inpari 4; V3= Inpari 10; and V.=
Inpari Sidenuk). Parameters were analyzed by ANOVA and the means effect was followed by
DMRT at level of 5%.

Results: The Inpari Sidenuk variety significantly increased the grain yield.plot™* and
the highest yield.ha of 0.42 kg and 3.36 tons, respectively compared to other varieties. The
plant spacing of 25 cm x 25 cm (J2), 25 cm x 30 cm (J3), and 25 cm x 35 cm (J4) can
significantly increase the fresh weight stover.clump™ of 13.53 g; 13.29 g; and 13.22 g,
respectively. In overall, plant spacing of 25 cm x 25 cm can increase the panicle length,
number of grain.panicle™, percentage of filled grain, 1000 grains weight, grain yield.plot™,
and yield.ha™* compared to other plant spacing.

Conclusion: The use of Inpari Sidenuk variety with the plant spacing of 25 cm x 25
cm has the potential to be recommended in integrated with mature-4 of smallholder oil palm
to increasing yield and food self-sufficiency.

Keywords: Growth, integration, physiological, plant spacing, lowland rice varieties,

smallholder oil palm, yield



INTRODUCTION

The lowland rice yield in Indonesia over the past 5 years (2014-2018) has fluctuated®.
One of the provinces in Indonesia as a contributor to rice yield is North Sumatra Province,
however, the lowland yield is classified as fluctuated from 2006 until 2018 The lowland rice
yield fluctuated can be caused by the rice area also has fluctuations?. The decrease in the area
of lowland rice harvesting can be caused by the conversion of lowland rice to oil palm
plantations. The conversion of lowland rice to plantation plants such as oil palm and rubber.
Anggari et al.® stated that the cause of the public executes the conversion of lowland rice into
oil palm plantations such as the risk in lowland rice farming is higher, and economic factors
are more profitable in Trumon sub-District, South Aceh District). Fauzi* stated that the
lowland rice conversion is the lack of certainty in the price of lowland rice so that the income
fromrice is lower compared to oil palm and rubber plantation.

The decrease in the lowland rice land will have an impact on the deficit of rice stocks
in Indonesia. Rice demand in 2025 is expected to increase by 60%. In supply to food demand
then the government through the ministry of agriculture has been focusing on seven major
commodities in the program to achieve self-sufficiency and increased yield at the 2017 year
through the program “UPSUS PAJALE” and plans to form 1 million hectares of lowland rice
land until 2019 year®.

The effort to form 1 million hectares of lowland rice need to be supported by the use
mature of oil palm plantations through the program integration of lowland rice with oil palm
plants. The application of lowland rice as intercropping among oil palm has been reviewed by
previous researchers without harming the plantations. Bratkovich et al.® stated that the oil
palm can survive in flooded up to 3 months. Colmer and Voesenek’, Dewi® reported that the oil
palm is classified as very tolerant of flooded. Aminudin et al.® stated that the oil palm can

survive in inundation conditions up to 50 days. The results showed that oil palm in flooded



conditions is very beneficial for the growth and development of lowland rice with =3 months to
harvest.

Therefore the existence of previous research, it is expected that lowland rice plants will
also be able to grow and produce until harvesting even though several shaded by oil palm
canopy. However, lowland rice in the conditions of shaded will experience disruption of
physiological and biochemical processes. Chozin et al.'? stated that one of the inhibitors to the
growth and production of upland rice in intercropping is the occurrence of light deficits
reaching the rice canopy. Low light intensity results in disruption of the rate of photosynthesis
and carbohydrate synthesis and results in a decrease in the rate of growth and yield of plants.

Therefore several alternatives are needed to increase the yield of lowland rice with the
integration of oil palms including the use of shade-tolerant varieties and plant spacing. It is
very difficult to find publications and references of research results with the planting system
of lowland rice in the oil palm plants. According to Murty and Sahu!, Cabuslay et al.'?, Lubis
et al.'® stated that the planting upland rice in the immature of oil palm area as land use can
reduce yield by up to 70 until 90% in shade conditions > 50% compared to normal light.
Warjido et al.!* stated that the plant spacing is important in optimizing the use of sunlight for
photosynthesis, with the result that plants will have balanced growing space. Magfiroh et al.'®
stated that the plant spacing of 25 cm x 25 cm can significantly increase panicle length and the
number of grain.panicle? of lowland rice of 3.60% and 8.71%, respectively compared to plant
spacing of 20 cm x 20 cm.

. This research was aimed to obtain high-yielding lowland rice varieties at plant

spacing with integrated mature-4 of smallholder oil palm.



MATERIAL AND METHODS
Land Management
The research integration of lowland rice and mature-4 of oil palm oil with the number
population of 72 trees or 0.50 ha which is located at Titi Payung Street, Hamparan Perak sub-
District, Deli Serdang District, North Sumatra Province, Indonesia in April until August 2017.
This research was conducted with the processing of the land using the hand tractor. The soil

was cultivated three folds as deep as 20 cm, using the rotary plow.

Plot Size and Research Design
The plot was made with a size of 10 m x 20 m. This research used the split plot design
with the main-plot is the plant spacing of 4 levels (J1 =25 cm x 20 cm; J,= 25 cm % 25 cm; Jz=
25 cm x 30 cm; and Js = 25 cm x 35 cm) and sub-plot is lowland rice varieties consisting of 4
varieties, namely (V1 = Inpara 2; (V2 = Inpari 4; (V3 = Inpari 10; and (V4 = Inpari Sidenuk). The

treatment of this research was used the three replications.

Seeding and Planting Process
Seed rice was soaked in water for 24 hours and then drained for 12 hours. The seeds
that have germinated are then sown in the nursery and after 2 weeks were moved to the plot.
After the seedlings are 3 weeks and planting was conducted in the plot following the
treatment in manually, each hole only one plant. The number of plants in the sub-plot was 24

plants with five plant samples.

Plant Management
The transfer of seedlings, water has flowed into the plot with the height of 5 cm until
the plant is 45 days old. The insertion was performed during 2 weeks after planting (WAP) or
before the basic fertilization. Weeding was conducted in the initial period until 21 and 42
WAP used the manually when weeds have 3 to 4 leaves, then flooded for 1 day. Fertilization

was conducted with N 90 kg.ha*, TSP 50 kg.ha!, and KCI 50 kg.ha. The phosphorus and



potassium fertilizer are given before transplanting seedlings, while N fertilizer is given 3 folds
such as a week after transplanting, 40 days after transplanting and 65 to 70 days old. Pest and
disease control is only conducted when the symptoms of an attack have reached the economic

threshold using insecticides, and fungicides that are adjusted to pests/diseases.

Harvesting
Two weeks before harvesting the lowland rice water is drained so that the rice grains
mature quickly. Harvesting was conducted manually using the sickle at the mature plant
physiology marked visually in lowland rice, such as rice grains were yellowed ranged from 90

until 95% or grain moisture content ranged from 22 until 27%.

Parameters and Analysis
DataVegetative

Components

The parameters of the vegetative components such as plant height (cm), number of
tillers, and leaf area (cm?). Plant height and number of tillers were measured at 4 and 6 WAP.
Leaf area was measured at harvest by taking a flag leaf from each sample and calculated by

the formula p x 1 x 0.75.

Physiological Components
The parameters of the physiological component such as leaf chlorophyll content
(chlorophyll a, b, and total), fresh weight stover.clump™ (g), and dry weight stover.clump™
(g). The chlorophyll a, b, and total were measured using the UV-Vis spectrophotometer®. The
extraction of chlorophyll was conducted with acetone 80%, the leaves are weighed 0.1 g, then
crushed in the mortal, inserted 10 ml acetone, filtered with Whatman filter paper. The filtrate was
measured for absorbance at 645 nm and 663 nm. The calculation of chlorophyll a, b and total
were used the formula:
Chlorophyll a = (12.7 x A663- 2.69 x A645) x 10! Q)

Chlorophyll b = (22.9 x A645 — 4.68 x A663) x 10! (2



Chlorophyll total = (8.02 x A663 + 20.2 x A645) x 101 (3)
Fresh weight stover.clump™ was cut from the base of the stem at the end of the
research, be weighed, then put into a brown envelope and dried in the sun for 3 days and oven
at 60°C for 72 hours to obtain the dry weight stover.clump™ after which it was weighed using

analytical scales.

Yield Component

The parameters of the yield component such as the number of productive tillers,
panicle length (cm), number of grain.panicle™, filled grain (%), empty grain (%), 1000 grains
weight (g), grain yield.plot? (kg), and yield.ha? (tons). The number of productive tillers was
measured when the plants were flowered, by counting the tillers produce panicles. Panicle
length was measured when the plant has been harvested by measuring the panicle
formed.clump™ from the base to the end of the panicle. The number of grains.panicle™ was
calculated by dividing the total number of grains in the sample with the total number of
panicles. The percentage of filled grains was calculated by dividing the number of filled
grains from all panicles of the sample with the total number of grains. The percentage of
empty grains was calculated by dividing the number of empty grains from all panicles of the
sample with the total number of grains. The 1000 grains weight was measured by drying up to
moisture content of 14% and take by 1000 rice grains randomly then weighed. The grain
yield.plot™ was calculated by weighing the filled grain in each plot and weighed using
analytical scales. The yield.ha® was calculated by converting the average grain yield.plot™

using the formula:

__ Average Yield.Plot™1

Yield/ha—1 x Area of 1 ha 4)

Plot Area

Parameters were analyzed with analysis of variance (ANOVA) and the significant effect was

followed by Duncan's Multiple Range Test (DMRT) at the level of 5%.



RESULTS AND DISCUSSION

Growth Components

The results of the ANOVA showed that the varieties, plant spacing and their
interaction not significantly influence the increase in plant height, number of tillers and leaf
area of lowland rice in integrated with mature-4 of smallholder oil palm (Table 1).

Table 1. Growth components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Plant Height (cm) Number of Tillers Leaf Area
Treatment AWAP  6WAP  4WAP  6WAP (cm?)

Varieties (V)
V1 = Inpara 2 61.08 ns 83.37 ns 6.28 ns 10.00 ns 24.40 ns
V2= Inpari 4 66.73 ns 84.31 ns 7.15ns 12.23 ns 22.90 ns
V3= Inpari 10 68.53 ns 85.55 ns 6.85 ns 12.00 ns 25.41 ns
V4 = Inpari Sidenuk 70.85 ns 90.36 ns 6.81 ns 11.60 ns 26.27 ns
Plant Spacing (J)
Ji = (25 cm x 20 cm) 66.28 ns 84.38 ns 6.41 ns 11.05 ns 23.04 ns
J2 = (25 cm x 25 cm) 67.12 ns 86.64 ns 6.68 ns 11.06 ns 36.04 ns
J3=(25cmx 30 cm) 64.91 ns 85.30 ns 7.18 ns 11.64 ns 20.09 ns
Js=(25cmx 35 cm) 68.90 ns 87.26 ns 6.83 ns 12.08 ns 19.81 ns

Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple
Range Test. Weeks after planting (WAP). ns = not significant.

The results showed that the plant height of lowland rice varieties was integrated with
mature-4 of smallholder oil palm highest were found in the Inpari Sidenuk variety (Vi) of
70.85 cm and 90.36 cm, respectively at 4 and 6 WAP. The plant spacing of 25 cm x 35 cm
(J4) is the spacing that the highest of plant height amounted to 68.90 cm and 87.26 cm,
respectively at 4 and 6 WAP. The number of tillers of lowland rice varieties was integrated
with mature-4 of smallholder oil palm the highest was found in Inpari 4 variety (V2) of 7.15
tillers and 12.23 tillers, respectively at 4 and 6 WAP. The number of tillers of lowland rice
varieties was integrated with mature-4 of smallholder oil palm the highest was found in the
plant spacing of 25 cm x 30 cm (J3) of 7.18 tillers at 4 WAP, and found in 25 cm x 35 cm (J4)
of 12.08 tillers at 6 WAP. The leaf area of lowland rice varieties was integrated with mature-4
of smallholder oil palm the highest was found in the Inpari Sidenuk variety (V4) of 26.27 cm?,

and plant spacing of 25 ¢cm x 25 ¢m (Jz) amounted to 38.97 cm?,



Rice variety of Inpari Sidenuk (V) and plant spacing of 25 cm x 25 cm (J2) in
integration with mature-4 of smallholder oil palm can adapt to the low light intensity, this is
evidenced by the highest leaf area compared to the others treatment. According to Levitt!’
stated that the plant adaptation to shade can be conducted through avoidance that is associated
with response to changes in the anatomy and morphology of leaves for photosynthesis
efficient. The efficiency of increasing light capture can be conducted by increasing the area of
light capture, by increasing the leaf area. Yeo'®, Santoso et al.’®, Sopandie et al.?° stated that
the low light in upland rice cause disturbed metabolic processes which have implications for

decreasing the rate of photosynthesis and carbohydrate synthesis.

Physiological Components
The results of the ANOV A showed that the plant spacing significantly increased the
fresh weight stover.clump, however not significantly increased the chlorophyll a, b, total,
and dry weight stover.clump™ of lowland rice. Varieties and their interactions not significant
effect in increasing the physiological component of lowland rice in integrated with mature-4
of smallholder oil palm (Table 2).

Table 2. Physiological component of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Chlorophyll (mg.cm?) Fresh weight Dry weight
Perlakuan a b Total stover.clump®  stover.clump™
(9) (9)

Varieties (V)

V1 = Inpara 2 3.25ns 452ns 7.77ns 12.70 ns 3.30 ns
V2= Inpari 4 357ns 454ns 8.11ns 12.44 ns 3.45 ns
V3= Inpari 10 3.53ns 4.17ns 7.70ns 12.18 ns 3.95ns
V4 = Inpari Sidenuk 3.48ns 4.16ns 7.64ns 13.51 ns 3.55ns
Plant Spacing (J)

Ji = (25cmx 20 cm) 3.32ns 4.00ns 7.32ns 10.80 b 3.08 ns
J2=(25cmx 25 cm) 3.35ns  437ns 7.72ns 13.53 a 3.78 ns
J3=(25cmx 30 cm) 357ns 4.44ns 8.00ns 13.29 a 3.73 ns
Js=(25cmx 35 cm) 359ns 459ns 8.18ns 13.22 a 3.66 ns

Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple
Range Test. ns = not significant.



The results showed that the Inpari 4 variety had higher levels of chlorophyll a, b, and
total of 3.57 mg.cm?, 4.54 mg.cm?, and 8.11 mg.cm?, respectively compared to other
varieties. The chlorophyll a, b, and total of lowland rice varieties were integrated with mature-
4 of smallholder oil palm the highest was found in the plant spacing of 25 cm x 35 cm(J4) of
3.59 mg.cm?, 4.59 mg.cm?, and 8.18 mg.cm?, respectively compared to other plant spacing.
Lowland rice varieties are very tolerant of shading were showed that the change in
morphological character (leaf area) as lower compared to sensitive varieties. The effect of
plant spacing of 25 cm x 35 cm (J4) has an impact on the amount of light that can be absorbed
by lowland rice because the spacing between plants is relatively wider compared to others
plant spacing. Chozin et al.1°, Sopandie?! stated that the character of rice was decreased in
low light conditions both sensitive and tolerant varieties, however, the tolerant varieties, the
decrease is relatively lower. Asmamaw?? stated that the plant spacing of 30 cm x 20 cm on
rice variety Nerica-4 has higher chlorophyll content of 1.35-fold compared to the plant
spacing of 20 cm x 10 cm at 107 days after treatment.

The results showed that the fresh weight stover.clump? of lowland rice varieties the
highest in integrated with mature-4 of smallholder oil palm was found in the Inpari Sidenuk
(V4) variety and was not significantly different of the other varieties. The plant spacing of Jo-
Ja (25 cm x 25 cm; 25 cm x 30 cm; 25 cm x 35 ¢cm) can significantly increased the fresh
weight stover.clump™ of 13.53 g, 13.29 g, and 13.22 g, respectively. The plant spacing of J2-Ja
is the plant spacing were wider compared to J1. The extent of plant spacing used will have an
impact on the ability of rice plants to absorb light, nutrients, and water. According to Barri?®
the plant spacing system affects the light, wind, and nutrients obtained by plants which in turn
gives a different effect on plant growth and yield parameters. Pedersen and Lauer?* stated that
the soybean yield was increased by 4% with increasing row spacing from 19 cmto 76 cm in

the first year.



The results showed that the dry weight stover.clump™ of lowland rice varieties in
integrated with mature-4 of smallholder oil palm the highest was found in the Inpari 10
variety (V3) of 3.95 g and was not significant compared to other varieties. The plant spacing
of 25 cm x 25 cm (J2) gives effect the dry weight stover.clump™ the highest of 3.78 g and was

not significant compared to other plant spacing.

Yield Components
The lowland rice varieties in integrated with mature-4 of smallholder oil palm can
significantly increase grain yield.plot™ and yield.ha*. Plant spacing can significantly increase
the lowland rice yield components except for the number of productive tillers, while their
interaction had not significantly affect on yield components (Table 3).

Table 3. Yield components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Treatment
Parameters V1 V2 V3 V4
Inpara 2 Inpari 4 Inpari 10 Inpari Sidenuk
Number of productive tillers 8.00 ns 7.24ns 8.41ns 10.05 ns
Panicle length (cm) 21.98 ns 22.34 ns 22.83 ns 22.46 ns
number of grain.panicle™ 118.70 ns 122.05 ns 134.38 ns 140.27 ns
Filled grain (%) 72.52 ns 77.81 ns 87.39 ns 87.25 ns
Empty grain (%) 32.05 ns 27.97 ns 9.76 ns 8.08 ns
1000 grains weight (g) 20.66 ns 22.20 ns 24.04 ns 24.89 ns
Grain yield.plot? (kg) 0.11d 0.10c 0.38Db 0.42a
Yield.ha* (ton) 0.85¢c 0.83¢c 3.02Db 3.36 a
Jl Jz \]3 J4
(25x20cm) (25x25cm) (25%30cm) (25x35cm)
Number of productive tillers 6.80 ns 10.28 ns 9.00 ns 7.61ns
Panicle length (cm) 19.88d 24.68 a 23.09b 21.97 ¢
number of grain.panicle™ 108.35d 145.00 a 137.40 b 124.65c
Filled grain (%) 72.09 d 89.76 a 85.05b 78.07 c
Empty grain (%) 29.62 a 1756 b 16.04 c 14.64d
1000 grains weight (g) 19.77 ¢ 25.31a 23.54 b 23.18 b
Grain yield.plot? (kg) 0.22d 0.31a 0.25b 0.23¢c
Yield.ha* (ton) 1.76 d 2.50 a 2.00b 181c

Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple
Range Test. ns = not significant.

The results were indicated that the Inpari Sidenuk variety can increase the highest

grain yield.plot? and yield.ha® of 0.42 kg and 3.36 tons, respectively and was significantly



different from other varieties. While the other yield components were not significantly
different between the varieties tested. This is caused the highest leaf area found in the Inpari
Sidenuk variety of 26.27 cm? compared to the others (Table 1). The extent of the leaves will
affect the amount of chlorophyll in forming photosynthates and increased lowland rice grain
yield. According to Johnston and Onwueme? stated that the plants will adaption to the stress of
low light intensity by increasing the efficiency of light capture through increasing the amount
of chlorophyll per unit leaf area. The increasing rate of photosynthesis the higher
carbohydrates are formed. The carbohydrates that are available in large quantities will
increase chlorophyll synthesis will result that chlorophyll rate is higher in shaded leaves.

The results were indicated that the highest percentage of empty grain was found in the
plant spacing of 25 cm x 20 cm amounted to 29.61%. The plant spacing of 25 cm x 25 cm (J2)
can significantly increased the panicle length, number of grains.panicles™, percentage of filled
grain, 1000 grains weight, grain yield.plot?, and yield.ha™* compared to other plant spacing.
This causes the plant spacing of 25 cm x 25 cm (J2) contributing to the highest increase in the
physiological character (fresh weight stover.clump™) of lowland rice plants compared to other
plant spacing (Table 2). The effect of plant spacing on the physiological response will have an
impact on the yield component of lowland rice yield in integrated with mature-4 of
smallholder oil palm. Rice plants are shaded stress or low light intensity will experience
changes in morphological, anatomical, physiological, and biochemical characters that will
have an impact on crop production. According to Vogelmann and Martin?® the light intensity
will affect the shape and anatomy of leaves including epidermal and mesophyll cell types.
Taiz and Zeiger?’ stated that the shaded leaves of plants will be thinner and wider compared to
leaves of plants in normal light intensity, which is caused by the reduction in the palisade
layer and mesophyll cells. Hale and Orchutt?®, Okada et al.?® stated that the physiological

response of plants to shaded-stress, namely increasing the number of chloroplasts per leaf area



and increasing the amount of chlorophyll in chloroplasts. Maxwell et al.*° stated that the low
light intensity will affect chloroplasts in plants, such as an increase in the number of
chloroplasts per cell, the volume of chloroplasts and thylakoid membranes, and stack granum
as in Gusmania monostachia. Briilggemann and Dauborn® stated that the shade was caused by
the low activity of Rubisco whereas functions to bind CO2 and Ribulose bisphosphate (RuBP)
in the Calvin cycle which produces 3-PGA. Sopandie et al.® stated that the low light intensity
during flowering in rice caused a decrease in carbohydrate, protein, auxin, proline, and
cytokinin content, however, it was increased the gibberellins and dissolved N content in
panicles. Thorne and Koller® stated that the reduction of photosynthate at low light intensity
can be related to the high resistance of stomata and mesophyll cells to CO2 exchange. In low

light conditions were decreased the carboxylase and RuBP activity.



CONCLUSION

Inpari Sidenuk variety can increase grain yield.plot™ and yield.ha* the highest of 0.42
kg and 3.36 tons, respectively compared to other varieties. The plant spacing of J>-J4 (25 cm X
25 cm; 25 cm x 30 cm; 25 cm x 35 ¢cm) can increase the fresh weight stover.clump® of 13.53
g, 13.29 g, and 13.22 g, respectively. In overall, plant spacing of 25 cm x 25 c¢cm (J2) can
increase the panicle length, number of grain.panicles®, percentage of filled grain, 1000 grains
weight, grain yield.plot™, and yield.ha™ compared to other plant spacing. The interaction of
lowland rice varieties with plant spacing was not significantly the vegetative, physiological,
and yield components in integrated with mature-4 of smallholder oil palm. The use of Inpari
Sidenuk variety with the plant spacing of 25 cm x 25 c¢cm can be used in integrated with
mature-4 of smallholder oil palm in support of increased yield.ha* and food self-sufficiency.
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Abstract
Background and Objective: The effort of lowland rice need to be supported by the program
integration of lowland rice with oil palm plants to food self-sufficiency. The research was
aimed to obtain the vegetative, physiological, and yield components of several varieties of
lowland rice with specific plant spacing in integrated mature-4 by smallholder of oil palm.
Material and Methods: The research used the split-plot design with the main-plot is the plant
spacing (J1= 25 cm x 20 cm; J>= 25 cm x 25 cm; Jz= 25 cm x 30 cm; and Ja= 25 cm x 35 cm)
and sub-plots is the rice varieties (V1= Inpara 2; Vo= Inpari 4; V3= Inpari 10; and V4= Inpari
Sidenuk). Parameters were analyzed by ANOVA and the means effect was followed by
DMRT at level of 5%. Results: The Inpari Sidenuk variety significantly increased the grain
yield.plot™ and the highest yield.ha™* of 0.42 kg and 3.36 tons, respectively compared to other
varieties. The plant spacing of 25 cm x 25 cm (J2), 25 cm x 30 cm (J3), and 25 cm x 35 cm (Ja)
can significantly increase the fresh weight stover.clump™ of 13.53 g; 13.29 g; and 13.22 g,
respectively. In overall, plant spacing of 25 cm x 25 cm can increase the panicle length,
number of grain.panicle™, percentage of filled grain, 1000 grains weight, grain yield.plot™,
and yield.ha* compared to other plant spacing.Conclusion: The use of Inpari Sidenuk variety
with the plant spacing of 25 cm x 25 cm has the potential to be recommended in integrated
with mature-4 of smallholder oil palm to increasing yield and food self-sufficiency.
Keywords: Growth, integration, physiological, plant spacing, lowland rice varieties,

smallholder oil palm, yield

INTRODUCTION



The lowland rice yield in Indonesia over the past 5 years (2014-2018) has fluctuated®.
One of the provinces in Indonesia as a contributor to rice yield is North Sumatra Province,
however, the lowland yield is classified as fluctuated from 2006 until 2018 The lowland rice
yield fluctuated can be caused by the rice area also has fluctuations?. The decrease in the area
of lowland rice harvesting can be caused by the conversion of lowland rice to oil palm
plantations. The conversion of lowland rice to plantation plants such as oil palm and rubber.
Anggari et al.® stated that the cause of the public executes the conversion of lowland rice into
oil palm plantations such as the risk in lowland rice farming is higher, and economic factors
are more profitable in Trumon sub-District, South Aceh District). Fauzi* stated that the
lowland rice conversion is the lack of certainty in the price of lowland rice so that the income
fromrice is lower compared to oil palm and rubber plantation.

The decrease in the lowland rice land will have an impact on the deficit of rice stocks
in Indonesia. Rice demand in 2025 is expected to increase by 60%. In supply to food demand
then the government through the ministry of agriculture has been focusing on seven major
commodities in the program to achieve self-sufficiency and increased yield at the 2017 year
through the program “UPSUS PAJALE” and plans to form 1 million hectares of lowland rice
land until 2019 year®.

The effort to form 1 million hectares of lowland rice need to be supported by the use
mature of oil palm plantations through the program integration of lowland rice with oil palm
plants. The application of lowland rice as intercropping among oil palm has been reviewed by
previous researchers without harming the plantations. Bratkovich et al.® stated that the oil
palm can survive in flooded up to 3 months. Colmer and Voesenek’, Dewi® reported that the oil
palm is classified as very tolerant of flooded. Aminudin et al.® stated that the oil palm can

survive in inundation conditions up to 50 days. The results showed that oil palm in flooded



conditions is very beneficial for the growth and development of lowland rice with = 3 months to
harvest.

Therefore the existence of previous research, it is expected that lowland rice plants will
also be able to grow and produce until harvesting even though several shaded by oil palm
canopy. However, lowland rice in the conditions of shaded will experience disruption of
physiological and biochemical processes. Chozin et al.'? stated that one of the inhibitors to the
growth and production of upland rice in intercropping is the occurrence of light deficits
reaching the rice canopy. Low light intensity results in disruption of the rate of photosynthesis
and carbohydrate synthesis and results in a decrease in the rate of growth and yield of plants.

Therefore several alternatives are needed to increase the yield of lowland rice with the
integration of oil palms including the use of shade-tolerant varieties and plant spacing. It is
very difficult to find publications and references of research results with the planting system
of lowland rice in the oil palm plants. According to Murty and Sahu'!, Cabuslay et al.'?, Lubis
et al.'® stated that the planting upland rice in the immature of oil palm area as land use can
reduce yield by up to 70 until 90% in shade conditions > 50% compared to normal light.
Warjido et al.!* stated that the plant spacing is important in optimizing the use of sunlight for
photosynthesis, with the result that plants will have balanced growing space. Magfiroh et al.'®
stated that the plant spacing of 25 cm x 25 c¢cm can significantly increase panicle length and the
number of grain.panicle? of lowland rice of 3.60% and 8.71%, respectively compared to plant
spacing of 20 cm x 20 cm.

. This research was aimed to obtain high-yielding lowland rice varieties at plant

spacing with integrated mature-4 of smallholder oil palm.



MATERIALS AND METHODS
Land management: The research integration of lowland rice and mature-4 of oil palm oil
with the number population of 72 trees or 0.50 ha which is located at Titi Payung Street,
Hamparan Perak sub-District, Deli Serdang District, North Sumatra Province, Indonesia in
April until August 2017. This research was conducted with the processing of the land using
the hand tractor. The soil was cultivated three folds as deep as 20 cm, using the rotary plow.
Plot size and research design: The plot was made with a size of 10 m x 20 m. This research
used the split plot design with the main-plot is the plant spacing of 4 levels (J1 =25 cm x 20
cm; Jo= 25 cm x 25 ¢cm; Jz= 25 cm x 30 cm; and Ja = 25 cm x 35 cm) and sub-plot is lowland
rice varieties consisting of 4 varieties, namely (V1 = Inpara 2; (V2 = Inpari 4; (V3= Inpari 10;
and (Vs = Inpari Sidenuk). The treatment of this research was used the three replications.
Seeding and planting process: Seed rice was soaked in water for 24 hours and then drained
for 12 hours. The seeds that have germinated are then sown in the nursery and after 2 weeks
were moved to the plot. After the seedlings are 3 weeks and planting was conducted in the
plot following the treatment in manually, each hole only one plant. The number of plants in
the sub-plot was 24 plants with five plant samples.
Plant management: The transfer of seedlings, water has flowed into the plot with the height
of 5 cm until the plant is 45 days old. The insertion was performed during 2 weeks after
planting (WAP) or before the basic fertilization. Weeding was conducted in the initial period
until 21 and 42 WAP used the manually when weeds have 3 to 4 leaves, then flooded for 1
day. Fertilization was conducted with N 90 kg.ha, TSP 50 kg.ha, and KCI 50 kg.ha™. The
phosphorus and potassium fertilizer are given before transplanting seedlings, while N fertilizer is
given 3 folds such as a week after transplanting, 40 days after transplanting and 65 to 70 days old.
Pest and disease control is only conducted when the symptoms of an attack have reached the

economic threshold using insecticides, and fungicides that are adjusted to pests/diseases.



Harvesting: Two weeks before harvesting the lowland rice water is drained so that the rice
grains mature quickly. Harvesting was conducted manually using the sickle at the mature
plant physiology marked visually in lowland rice, such as rice grains were yellowed ranged

from 90 until 95% or grain moisture content ranged from 22 until 27%.

Parameters and analysis data

Vegetative components: The parameters of the vegetative components such as plant height
(cm), number of tillers, and leaf area (cm?). Plant height and number of tillers were measured
at 4 and 6 WAP. Leaf area was measured at harvest by taking a flag leaf from each sample
and calculated by the formula p x I x 0.75.
Physiological components: The parameters of the physiological component such as leaf
chlorophyll content (chlorophyll a, b, and total), fresh weight stover.clump™ (g), and dry
weight stover.clump™ (g). The chlorophyll a, b, and total were measured using the UV-Vis
spectrophotometer'®. The extraction of chlorophyll was conducted with acetone 80%, the leaves
are weighed 0.1 g, then crushed in the mortal, inserted 10 ml acetone, filtered with Whatman filter
paper. The filtrate was measured for absorbance at 645 nm and 663 nm. The calculation of
chlorophyll a, b and total were used the formula:

Chlorophyll a = (12.7 x A663- 2.69 x A645) x 10! 1)

Chlorophyll b = (22.9 x A645 — 4.68 x A663) x 10! (2)

Chlorophyll total = (8.02 x A663 + 20.2 x A645) x 10 (3)

Fresh weight stover.clump™ was cut from the base of the stem at the end of the

research, be weighed, then put into a brown envelope and dried in the sun for 3 days and oven
at 60°C for 72 hours to obtain the dry weight stover.clump™ after which it was weighed using

analytical scales.



Yield component: The parameters of the yield component such as the number of productive
tillers, panicle length (cm), number of grain.panicle™, filled grain (%), empty grain (%), 1000
grains weight (g), grain yield.plot?* (kg), and yield.ha (tons). The number of productive
tillers was measured when the plants were flowered, by counting the tillers produce panicles.
Panicle length was measured when the plant has been harvested by measuring the panicle
formed.clump™ from the base to the end of the panicle. The number of grains.panicle™ was
calculated by dividing the total number of grains in the sample with the total number of
panicles. The percentage of filled grains was calculated by dividing the number of filled
grains from all panicles of the sample with the total number of grains. The percentage of
empty grains was calculated by dividing the number of empty grains from all panicles of the
sample with the total number of grains. The 1000 grains weight was measured by drying up to
moisture content of 14% and take by 1000 rice grains randomly then weighed. The grain
yield.plot™ was calculated by weighing the filled grain in each plot and weighed using
analytical scales. The yield.ha® was calculated by converting the average grain yield.plot™

using the formula:

__ Average Yield.Plot™1

Yield/ha—1 x Area of 1 ha 4)

Plot Area

Parameters were analyzed with analysis of variance (ANOVA) and the significant effect was

followed by Duncan's Multiple Range Test (DMRT) at the level of 5%.



RESULTS AND DISCUSSION

Growth components: The results of the ANOVA showed that the varieties, plant spacing
and their interaction not significantly influence the increase in plant height, number of tillers
and leaf area of lowland rice in integrated with mature-4 of smallholder oil palm (Table 1).

Table 1. Growth components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Plant Height (cm) Number of Tillers Leaf Area
Treatment AWAP  G6WAP  4WAP  6WAP (cm?)

Varieties (V)
V1 = Inpara 2 61.08 ns 83.37 ns 6.28 ns 10.00 ns 24.40 ns
V2= Inpari 4 66.73 ns 84.31ns 7.15ns 12.23 ns 22.90 ns
V3= Inpari 10 68.53 ns 85.55 ns 6.85ns 12.00 ns 25.41 ns
V4 = Inpari Sidenuk 70.85 ns 90.36 ns 6.81 ns 11.60 ns 26.27 ns
Plant Spacing (J)
Ji = (25 cmx 20 cm) 66.28 ns 84.38 ns 6.41 ns 11.05 ns 23.04 ns
J2 = (25 cm x 25 cm) 67.12 ns 86.64 ns 6.68 ns 11.06 ns 36.04 ns
J3=(25cmx 30 cm) 64.91 ns 85.30 ns 7.18 ns 11.64 ns 20.09 ns
Ja = (25 cm x 35 cm) 68.90 ns 87.26 ns 6.83 ns 12.08 ns 19.81 ns

Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple
Range Test. Weeks after planting (WAP). ns = not significant.

The results showed that the plant height of lowland rice varieties was integrated with
mature-4 of smallholder oil palm highest were found in the Inpari Sidenuk variety (V) of
70.85 cm and 90.36 cm, respectively at 4 and 6 WAP. The plant spacing of 25 cm x 35 cm
(J4) is the spacing that the highest of plant height amounted to 68.90 cm and 87.26 cm,
respectively at 4 and 6 WAP. The number of tillers of lowland rice varieties was integrated
with mature-4 of smallholder oil palm the highest was found in Inpari 4 variety (V-) of 7.15
tillers and 12.23 tillers, respectively at 4 and 6 WAP. The number of tillers of lowland rice
varieties was integrated with mature-4 of smallholder oil palm the highest was found in the
plant spacing of 25 cm x 30 cm (J3) of 7.18 tillers at 4 WAP, and found in 25 cm x 35 cm (J4)
of 12.08 tillers at 6 WAP. The leaf area of lowland rice varieties was integrated with mature-4
of smallholder oil palm the highest was found in the Inpari Sidenuk variety (V1) of 26.27 cm?,

and plant spacing of 25 ¢cm x 25 c¢m (Jz) amounted to 38.97 cm?,



Rice variety of Inpari Sidenuk (V) and plant spacing of 25 cm x 25 cm (J2) in
integration with mature-4 of smallholder oil palm can adapt to the low light intensity, this is
evidenced by the highest leaf area compared to the others treatment. According to Levitt!’
stated that the plant adaptation to shade can be conducted through avoidance that is associated
with response to changes in the anatomy and morphology of leaves for photosynthesis
efficient. The efficiency of increasing light capture can be conducted by increasing the area of
light capture, by increasing the leaf area. Yeo'®, Santoso et al.’®, Sopandie et al.?° stated that
the low light in upland rice cause disturbed metabolic processes which have implications for
decreasing the rate of photosynthesis and carbohydrate synthesis.

Physiological Components: The results of the ANOVA showed that the plant spacing
significantly increased the fresh weight stover.clump™, however not significantly increased
the chlorophyll a, b, total, and dry weight stover.clump™ of lowland rice. Varieties and their
interactions not significant effect in increasing the physiological component of lowland rice in
integrated with mature-4 of smallholder oil palm (Table 2).

Table 2. Physiological component of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Chlorophyll (mg.cm?) Fresh weight Dry weight
Perlakuan a b Total stover.clump®  stover.clump™
(9) (9)

Varieties (V)

V1 = Inpara 2 3.25ns 452ns 7.77ns 12.70 ns 3.30 ns
V> = Inpari 4 357ns 454ns 8.11lns 12.44 ns 3.45 ns
V3= Inpari 10 353ns 417ns 7.70ns 12.18 ns 3.95ns
V4 = Inpari Sidenuk 3.48ns 4.16ns 7.64ns 13.51 ns 3.55ns
Plant Spacing (J)

Ji=(25cmx 20 cm) 3.32ns 4.00ns 7.32ns 10.80 b 3.08 ns
J2=(25cmx 25 cm) 3.35ns 437ns 7.72ns 13.53a 3.78 ns
J3=(25cmx 30 cm) 357ns 4.44ns 8.00ns 13.29 a 3.73 ns
Ja= (25 cmx 35 cm) 359ns 459ns 8.18ns 13.22 a 3.66 ns

Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple
Range Test. ns = not significant.

The results showed that the Inpari 4 variety had higher levels of chlorophyll a, b, and

total of 3.57 mg.cm?, 4.54 mg.cm?, and 8.11 mg.cm?, respectively compared to other



varieties. The chlorophyll a, b, and total of lowland rice varieties were integrated with mature-
4 of smallholder oil palm the highest was found in the plant spacing of 25 cm x 35 cm(J4) of
3.59 mg.cm?, 4.59 mg.cm?, and 8.18 mg.cm?, respectively compared to other plant spacing.
Lowland rice varieties are very tolerant of shading were showed that the change in
morphological character (leaf area) as lower compared to sensitive varieties. The effect of
plant spacing of 25 cm x 35 cm (J4) has an impact on the amount of light that can be absorbed
by lowland rice because the spacing between plants is relatively wider compared to others
plant spacing. Chozin et al.1°, Sopandie?! stated that the character of rice was decreased in
low light conditions both sensitive and tolerant varieties, however, the tolerant varieties, the
decrease is relatively lower. Asmamaw?? stated that the plant spacing of 30 cm x 20 cm on
rice variety Nerica-4 has higher chlorophyll content of 1.35-fold compared to the plant
spacing of 20 cm x 10 cm at 107 days after treatment.

The results showed that the fresh weight stover.clump? of lowland rice varieties the
highest in integrated with mature-4 of smallholder oil palm was found in the Inpari Sidenuk
(V4) variety and was not significantly different of the other varieties. The plant spacing of J»-
Js (25 cm x 25 cm; 25 cm x 30 cm; 25 cm x 35 ¢cm) can significantly increased the fresh
weight stover.clump™ of 13.53 g, 13.29 g, and 13.22 g, respectively. The plant spacing of J2-Ja
is the plant spacing were wider compared to J1. The extent of plant spacing used will have an
impact on the ability of rice plants to absorb light, nutrients, and water. According to Barri?®
the plant spacing system affects the light, wind, and nutrients obtained by plants which in turn
gives a different effect on plant growth and yield parameters. Pedersen and Lauer?* stated that
the soybean yield was increased by 4% with increasing row spacing from 19 cmto 76 cm in
the first year.

The results showed that the dry weight stover.clump™ of lowland rice varieties in

integrated with mature-4 of smallholder oil palm the highest was found in the Inpari 10



variety (V3) of 3.95 g and was not significant compared to other varieties. The plant spacing
of 25 cm x 25 cm (J2) gives effect the dry weight stover.clump™ the highest of 3.78 g and was
not significant compared to other plant spacing.

Yield components: The lowland rice varieties in integrated with mature-4 of smallholder oil
palm can significantly increase grain yield.plot™ and yield.ha. Plant spacing can significantly
increase the lowland rice yield components except for the number of productive tillers, while
their interaction had not significantly affect on yield components (Table 3).

Table 3. Yield components of lowland rice varieties in integrated with mature-4 of
smallholder oil palm.

Treatment
Parameters V1 V2 V3 V4
Inpara 2 Inpari 4 Inpari 10 Inpari Sidenuk
Number of productive tillers 8.00 ns 7.24 ns 8.41 ns 10.05 ns
Panicle length (cm) 21.98 ns 22.34 ns 22.83 ns 22.46 ns
number of grain.panicle™ 118.70 ns 122.05 ns 134.38 ns 140.27 ns
Filled grain (%) 72.52 ns 77.81 ns 87.39 ns 87.25 ns
Empty grain (%) 32.05 ns 27.97 ns 9.76 ns 8.08 ns
1000 grains weight (g) 20.66 ns 22.20 ns 24.04 ns 24.89 ns
Grain yield.plot? (kg) 0.11d 0.10c 0.38Db 0.42a
Yield.ha* (ton) 0.85¢c 0.83¢c 3.02b 3.36 a
Ji J2 J3 J4
(25x20cm) (25x25cm) (25%30cm) (25x35cm)
Number of productive tillers 6.80 ns 10.28 ns 9.00 ns 7.61ns
Panicle length (cm) 19.88d 24.68 a 23.09b 21.97 ¢
number of grain.panicle™ 108.35d 145.00 a 137.40 b 124.65 ¢
Filled grain (%) 72.09d 89.76 a 85.05b 78.07 c
Empty grain (%) 29.62 a 1756 b 16.04 c 14.64d
1000 grains weight (g) 19.77 ¢ 25.31a 23.54 b 23.18 b
Grain yield.plot? (kg) 0.22d 0.31a 0.25Db 0.23¢c
Yield.ha* (ton) 1.76 d 2.50 a 2.00b 181c

Note: The means followed by the same letter are not significantly different at the 5% level by Duncan Multiple
Range Test. ns = not significant.

The results were indicated that the Inpari Sidenuk variety can increase the highest
grain yield.plot* and yield.ha* of 0.42 kg and 3.36 tons, respectively and was significantly
different from other varieties. While the other yield components were not significantly
different between the varieties tested. This is caused the highest leaf area found in the Inpari

Sidenuk variety of 26.27 cm? compared to the others (Table 1). The extent of the leaves will



affect the amount of chlorophyll in forming photosynthates and increased lowland rice grain
yield. According to Johnston and Onwueme?® stated that the plants will adaption to the stress of
low light intensity by increasing the efficiency of light capture through increasing the amount
of chlorophyll per unit leaf area. The increasing rate of photosynthesis the higher
carbohydrates are formed. The carbohydrates that are available in large quantities will
increase chlorophyll synthesis will result that chlorophyll rate is higher in shaded leaves.

The results were indicated that the highest percentage of empty grain was found in the
plant spacing of 25 cm x 20 cm amounted to 29.61%. The plant spacing of 25 cm x 25 cm (J2)
can significantly increased the panicle length, number of grains.panicles™, percentage of filled
grain, 1000 grains weight, grain yield.plot?, and yield.ha™* compared to other plant spacing.
This causes the plant spacing of 25 cm x 25 cm (J2) contributing to the highest increase in the
physiological character (fresh weight stover.clump™) of lowland rice plants compared to other
plant spacing (Table 2). The effect of plant spacing on the physiological response will have an
impact on the yield component of lowland rice yield in integrated with mature-4 of
smallholder oil palm. Rice plants are shaded stress or low light intensity will experience
changes in morphological, anatomical, physiological, and biochemical characters that will
have an impact on crop production. According to Vogelmann and Martin?® the light intensity
will affect the shape and anatomy of leaves including epidermal and mesophyll cell types.
Taiz and Zeiger?’ stated that the shaded leaves of plants will be thinner and wider compared to
leaves of plants in normal light intensity, which is caused by the reduction in the palisade
layer and mesophyll cells. Hale and Orchutt?®, Okada et al.?° stated that the physiological
response of plants to shaded-stress, namely increasing the number of chloroplasts per leaf area
and increasing the amount of chlorophyll in chloroplasts. Maxwell et al.*° stated that the low
light intensity will affect chloroplasts in plants, such as an increase in the number of

chloroplasts per cell, the volume of chloroplasts and thylakoid membranes, and stack granum



as in Gusmania monostachia. Briilggemann and Dauborn®! stated that the shade was caused by
the low activity of Rubisco whereas functions to bind CO2and Ribulose bisphosphate (RuBP)
in the Calvin cycle which produces 3-PGA. Sopandie et al.32 stated that the low light intensity
during flowering in rice caused a decrease in carbohydrate, protein, auxin, proline, and
cytokinin content, however, it was increased the gibberellins and dissolved N content in
panicles. Thorne and Koller® stated that the reduction of photosynthate at low light intensity
can be related to the high resistance of stomata and mesophyll cells to CO2 exchange. In low

light conditions were decreased the carboxylase and RuBP activity.



CONCLUSION

Inpari Sidenuk variety can increase grain yield.plot™ and yield.ha* the highest of 0.42
kg and 3.36 tons, respectively compared to other varieties. The plant spacing of J>-J4 (25 cm X
25 cm; 25 cm x 30 cm; 25 cm x 35 ¢cm) can increase the fresh weight stover.clump® of 13.53
g, 13.29 g, and 13.22 g, respectively. In overall, plant spacing of 25 cm x 25 c¢cm (J2) can
increase the panicle length, number of grain.panicles®, percentage of filled grain, 1000 grains
weight, grain yield.plot™, and yield.ha™ compared to other plant spacing. The interaction of
lowland rice varieties with plant spacing was not significantly the vegetative, physiological,
and yield components in integrated with mature-4 of smallholder oil palm. The use of Inpari
Sidenuk variety with the plant spacing of 25 cm x 25 c¢cm can be used in integrated with
mature-4 of smallholder oil palm in support of increased yield.ha* and food self-sufficiency.
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