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THE DYNAMIC OF CARBON DIOXIDE (CO,)
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ABSTRACT

Oil palm replanting has faced environmental criticism as it is a source of carbon dioxide (CO,) emission.

The aim of this study was to determine the level of CO, emissions and the value of carbon stocks for oil palm

smallholders replanting. The measurements were taken using the infrared gas analyser (IRGA) method

for CO, emission. Non-destructive methods were used to measure carbon stocks for oil palm-stands while

destructive methods were used for understorey and intercropped plants. This study shows that there was

dynamic of CO, emission during the replanting averaging (t CO, ha™ yr™) 28.5 for 28-year-old oil palm, 59.0

for bare land after land clearing, 47.0 for intercropped plants in the vegetative phase, 51.6 for intercropped

plants in the generative phase and 42.9 for one-year-old oil palm. It was found that CO, emissions were

reduced due to the conditions of land coverage and that the reduction in CO, emissions occurred not only

because of the absorption of CO, by plants for photosynthesis but also due to being stored away, as much of

the carbon stock (t C ha™) was found in corn (10.2), legume cover crops (7.6), soyabeans (3.5) and natural

vegetation (2.8). In 28-year-old oil palm it was found to be at 74.7.
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INTRODUCTION

In 2018, the total oil palm plantation area in Indonesia
was 14.3 million hectares, of which 5.8 million
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hectares belonged to smallholders (Direktorat
Jenderal Perkebunan, 2017). Of the area held by
smallholders, 2.7 million hectares require replanting
as the plants are over 25 years old and unproductive.
The significant increase in oil palm plantations in
Indonesia has led to negative campaigns related
to environmental issues, including deforestation,
greenhouse gas (GHG) emissions, loss of biodiversity
and forest and peatland fires.

The smallholders” oil palm replanting
programme in Indonesia has the potential to
generate a negative response from the international
community due to the GHG emissions, especially
carbon dioxide (CO,) associated with the
programme. Hence, information about the level of
CO, emissions that will be generated during the oil
palm replanting stage is needed.

Olivier et al. (2016) concluded that GHG
emissions are a cause of global warming.
Greenhouse gases include water vapour (H,0),
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CO,, nitrous oxide (N,O), methane (CH,), ozone
(O,) and chlorofluorocarbons (Zein and Chehayeb,
2015). Olivier et al. (2017) reported that most GHG
emissions (about 72%) consist of CO,, followed by
CH, (19%), N,O (6%) and fluorinated gases (3%).
The agricultural sector plays a role in producing
CO.,.

According to the Environmental Protection
Agency (EPA) (2017), 9% of GHG emissions in 2017
resulted from agricultural activities. Henderson et
al. (2018) found that several sectors contributed to
the global greenhouse effect in 2010: 25% came from
electricity and heat; 24% from agriculture, forestry
and other land-use (AFOLU); 21% from industry;
14% from transportation; 6.4% from buildings; and
9.6% from other energy sources.

The formation of CO, occurs as a result of plant
respiration, which includes root respiration and
respiration of microorganisms. In photosynthesis,
CO, is converted into organic matter with the
help of sunlight. In turn, the dead organic matters
are broken down into water vapour and CO,
some of which is converted into C-organic in the
soil. During the decomposition process, various
products are released, including CO,, energy,
water, plant nutrients and resynthesised organic
carbon compounds (Khatoon et al,, 2017). It is
possible to reduce CO, emissions by improving
the absorption capacity of plants, that is by
increasing photosynthetic efficiency. Increasing
plant photosynthesis can be done by increasing the
number of plants including by planting bareland.
Therefore, an intercropping system is a promising
option for improving efficiency and optimising land
use (Li-li et al., 2015).

Intercropping is a farming system whereby
the main commodity is planted in the same area
as a second crop either at the same time or at a
different time (Poppy et al., 2017). This system has
the advantages of optimising the use of light, water
and nutrients; controlling weeds, pests and diseases;
facilitating sustainable alternative agriculture
(Sujayanand et al., 2016; Zarekar et al., 2018) and
improving biomass yield and land-use efficiency
(Jalal et al., 2017). Legume cover crops are common
in oil palm replanting areas as they can maintain
moisture in the soil during the early replanting
period.

However, legume cover crops are not
economically viable for farmers as they do not
provide an income for farmers for at least three years
while the oil palms are still in the immature stage.
Corn and soyabeans are more viable secondary
crops for oil palm smallholders as they can provide
additional income for farmers in the early stages of
replanting.

It is not yet known whether corn and soyabeans
can reduce CO, emissions more effectively than
legume cover crops. The aim of this study was
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to determine the level of CO, emissions and the
value of carbon stocks at various stages of oil palm
replanting on smallholders’ land.

MATERIALS AND METHODS
Study Sites

The research was conducted on a smallholders’
oil palm plantation at plasma PIR KUD Bina Usaha
Baru, PT. Inti Indosawit Subur Ukui, Bukit Jaya
Village, Ukui Subdistrict, Pelalawan District, Riau
Province, Indonesia. The oil palms were planted
in 1987 and 1988 (28 years old) and were due for
replanting. The coordinate points were 00°09'35.2”
SL and 103°06'23.5” EL, and the altitude was
44 m above sea level. The soil type was ultisol. The
location is shown in Figure 1.

The CO, emissions were measured at five
different stages of the replanting process: 1) before
felling the 28-year-old palms (November 2016); 2)
after land clearing (April 2017); 3) at the vegetative
phase of the intercrops (September 2017); 4) at the
generative phase of the intercrops (February 2018);
and 5) when the replanted palms were approximately
a year old (August 2018).

Measurements of CO, emissions at the vegetative
and generative phases 45 and 75 days after planting
(DAP), respectively-were taken for each planting
season. Season 1 was from June 2017 to October 2017,
season 2 from November 2017 to February 2018 and
season 3 from March 2018 to July 2018.
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Figure 1. The research site location of Bukit Jaya Village, Ukui
Subdistrict, Pelalawan District, Riau Province, Indonesia.
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The carbon stocks of old oil palms and
understorey vegetation biomass were measured in
November 2016. The carbon stocks of the new oil
palms planted with soyabeans were measured in
May 2018 and those of the palms planted with corn
in June 2018.

Materials and Equipment

The main crop was 28-year-old oil palm (Elaeis
quineensis Jacq.) of the DxP Marihat variety, which
was replaced with 12-month-old seedlings of the
Topaz 3 variety. The intercropped plants were corn
seed (Zea mays L.) of the BISI II variety, soyabean
seeds [Glycine max (L.) Merrill] of Argomulyo variety,
and legume cover crop seeds consisting of Pueraria
javanica, Calopogonium mucunoides and Centrosema
pubescens.

The young palms were planted in a triangular
formation at a spacing of 9 m x 9 m x 9 m. The
intercropped plants were grown at different planting
distances: corn at 100 cm x 20 cm, soyabeans at 50 cm
x 10 cm and legumes at 1 m x 1 m. For the natural
vegetation treatment, the plants were allowed to
grow freely. The distance between the intercropped
plant row and the main crop row was 2 m. The
harvesting ages of the soyabeans and corn were 85
DAP and 105 DAP, respectively.

An infrared gas analyser (IRGA) type LI-820,
consisting of closed polyvinyl chloride (PVC) pipe
chamber with a diameter of 25.5 cm and a height of
25 cm was used to measure CO, emissions. The IRGA
was equipped with supporting tools, including a 12
V battery, a 12 V air pump, an air filter, a manometer,
a data logger or laptop, a hose, an air flow meter, a
fan, a thermometer, a machete and raffia. The carbon
stocks of plant biomass were measured using a ruler,
stationery (markers) and scales.

Measurement of CO, Emissions and Carbon Stocks

The sampling for measuring CO, emissions
under 28-year-old oil palms before felling and after
land clearing was carried out on three plots of 2 ha
each. Each plot had five observation subplots, giving
a total of 15 samples (Figure 2).
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Figure 2. The infrared gas analyses (IRGA) placement for measurement
of carbon dioxide (CO,) emissions samples under 28-year-old oil palm
and bare land in one plot.
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The CO, emissions from the replanting area
were measured using a split plot design. The main
plot in this study was composed of land owned by
three farmers (Farmer 1, Farmer 2 and Farmer 3),
each of whom farmed 2 ha of land. The plot was
divided into subplots for the intercrop plants (corn,
soyabeans, legumes and natural vegetation) and
repeated three times, giving 36 sample subplots.

The plant growth parameters were plant height
and number of leaves for corn and plant height,
number of branches and number of pods for
soyabeans. Measurements were taken twice a month
for each of the three planting seasons. The growth
parameters for oil palms were plant height, length
of fronds and number of fronds over an 11-month
period.

The CO, emissions were measured using
Husnain’s method (Husnain et al., 2014). Following
Madsen et al. (2009), the linear relationship between
measurement time and CO, concentration was used
to calculate CO, flux. The closed chamber was placed
above the ground for the following five conditions:
1) under the stand canopy of the 28-year-old oil
palms; 2) above the ground after land clearing (bare
land); 3) under vegetative phase of intercropped
plants; 4) under generative phase of intercropped
plant; and 5) under young oil palm plant aged 15
months (Figure 3). Measurements of CO, emissions
were taken during the periods of 7.00-12.00 am and
14.00-17.00 pm.

The observation parameters for CO, emissions
were based on those proposed by Husnain et al.
(2014) and consisted of the CO, emissions in ppm,
plant lid height after installation of above-ground lid
(cm), air pressure inside lid (kPa), soil temperature
(°C), plant lid temperature (°C) and air temperature
(°C).
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Figure 3. The location of chamber for measurement of carbon dioxide
(CO,) emissions.
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A personal computer with an IRGA, the LI
820 CO, gas analyser, was used to calculate CO,
emissions. Data were processed using Microsoft
Excel 2013 software. Microsoft Excel was also used
to calculate the linear regression equation between
time (seconds) and the concentration of carbon in
the lid. The Equation obtained was:

Y=ax+b Equation (1)

where Y is the concentration of CO, in the
chamber, a is the regression coefficient of change
in CO, concentration of time and b is the initial
concentration of CO,.

The CO, flux was calculated using the following
Equation (Madsen et al., 2009):

Fc=Phy €

X5 Equation (2)

where Fc is the CO, flux (mol m™?s™), & is the
height of the chamber (cm), R is the ideal gas constant
(8.314 Pa m® °K™ mol™), t is the air temperature
of the chamber (°K) and % is the change of CO,
concentration every changing time, linear equation
slope of concentration with time (ppm s™). Field
measurement of soil and air temperatures use
degrees Celcius, but calculation of the equation is
converted to degrees Kelvin.

The technique of observing and measuring
carbon stocks was proposed by Hairiah et al. (2010).
The carbon stocks of the 28-year-old oil palms were
measured using a non-destructive method, which
involved measuring the plant height from ground
level to the lowest fruit bunches. Each of the three
plots (2 ha) consisted of 256 plants (+11.7% of the
population), of which 30 were sampled, giving a
total of 90 samples (Figure 4).

A destructive method was used to measure the
carbon stocks of understorey vegetation biomass.
This involved taking out the plant samples. The size
of the plot sample was 1 m x 1 m. The understorey
was all vegetation with a stem diameter of <5 cm,
which was netted in wooden frame 1 m x 1 m in size
(Figure 5).
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Figure 4. Sketch of stands height sample measurement at 28-year-old
oil palms.

Figure 5. Understorey carbon stocks observation.

The carbon stocks of the intercropped plant
(corn, soyabeans, legumes and natural Vegetation)
were observed for areas of 1 m x 1 m square. First,
the plants were cut and weighed to obtain their wet
weights. Then, 500 g of each sample was dried in an
oven at 70°C for 48 hr to measure the dry weight of
the biomass.

The dry weight (DW) of the oil palm biomass was
calculated using the following Equation (Hairiah et
al., 2010):

DW = (0.0976 x H) + 0.0706 Equation (3)

where DW (t per palm) and H is the height of the
plant (m).

The carbon stocks of the old oil palms were
calculated using the following Equation:

Plant carbon _ () 4¢ , dry weight

stock biomass Equation (4)

The conversion rate of 0.46 showed that the
average C content in biomass was around 46%
(Hairiah et al., 2010).

RESULTS AND DISCUSSION
Environmental Conditions of Research Location

Air temperature and rainfall were the main
climate elements to consider. The average
temperature in the Pelalawan district while CO,
emissions were being measured was 24°C-34°C.
Rainfall from January to December 2017 ranged from
15-534 mm mth™" with an average of 270 mm mth™.
The average humidity was 80%-85%. The soil pH at
the location was 4.1-4.7. Field observations showed
that there were 20 species of natural vegetation
under the dense canopy of 28-year-old oil palms,
including ferns, weeds, borreria, Cromolaena odorata,
laportea and Heliotropium indicum. There was no
vegetation cover at all on the bare land (after land
clearing).
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CO, Emissions

The CO, emissions for various cropping
conditions are presented in Table 1. Table 1 shows
the dynamic pattern of CO, emissions in the oil
palm replanting area. The CO, emission in the
28-year-old oil palm area was 28.5+13.5 t CO, ha™
yr'. It increased when the land was bare (59.0+49.4
t CO, ha™ yr') and then decreased in the vegetative
phase of the intercropped plants (47.0+26.5 t CO,
ha™ yr™). The CO, emissions in the generative phase
of the intercropped plants and in 1-year-old oil palm
were 51.6+28.8 t CO, ha™ yr' and 42.9+23.3 t CO,
ha™ yr', respectively.

The lower CO, emissions from the oil palms
at the age of 28 years (28.5+13.5 t CO, ha™ yr™)
compared to those from bare land (59.0+49.4
t CO, ha™' yr') was thought to be related to CO,
uptake for the respiration of roots and microbes
and the decomposition of organic materials. In the
28-year-old oil palm plantations, some of the
released CO, would have been absorbed by the
leaves for photosynthesis, so less would have been
released into the air than from the bare land.

The level of CO, emissions decreased again
(47.0£26.5 CO, t ha yr™') after the land was covered
by intercropped plants (vegetative phase) due to the
consumption of CO, by the plants. In the generative
phase, the amount of released CO, increased to
51.6+28.8 t CO, ha™' yr™ because the leaves of the
intercropped plants had aged and were less efficient

in carrying out photosynthesis. This meant that
they absorbed less CO, than they did during the
vegetative phase. According to Misbahuddin et al.
(2018), soil respiration which produces CO, and
causes it to be released into the air is determined by
various factors, including temperature, soil moisture
and soil pH (Pahlipi et al., 2017).

After the new oil palms had grown (one year
old) and needed CO, for photosynthesis, CO,
emissions decreased to 42.9+23.3 t CO, ha™ yr.
Cetin and Sevik (2016) found that plants absorb CO,
throughout the day, which indicates that oil palm
replanting activities do not increase CO, emissions
in the air. The CO, emissions from the old oil palm
were 28.5+13.5 t ha™ yr™', which are lower than those
reported in other studies (Table 2). The CO, emissions
from 33-year-old oil palms at Rokan Hilir District
Riau Province were 34.7 t CO, ha™ yr (Yahya et al.,
2017) and those from a logged-over forest were 32.62
t CO, ha™ yr' (Khasanah and Nordwijk, 2019). In
terms of CO, emissions, the old oil palm ecosystem
is similar to a secondary forest ecosystem.

With corn, soyabeans, legumes and other
vegetation as intercrop plants, CO, emissions from
the oil palm replanting area decreased. The reduced
emissions were due to the absorption of CO, by
leaves during photosynthesis in planting seasons
one to three for soyabeans and corn. Growth of the
intercropped plants in the oil palm replanting areas
of the three farmers during the three seasons are
presented in Figures 6 and 7.

TABLE 1. EMISSION OF CARBON DIOXIDE (CO,) AT DIFFERENT PHASES OF REPLANTING

MeantSTD CO, emissions
Plant conditions (tCO,ha™ yr)

Morning Afternoon Average
28-year-old oil palm 30.3+14.7 26.7+11.8 28.5+13.5
Bare land (after land clearing) 39.94+29.7 78.1457.8 59.0+49.4
Vegetative phase intercropping plant 46.9+27.3 47.0+25.6 47.0+26.5
Generatitive phase intercropping plant 63.4+34.2 39.8+14.9 51.6+28.8
1-year-old oil palm 49.9+31.5 35.9+16.4 42.9+23.3

TABLE 2. EMISSION OF CARBON DIOXIDE (CO,) AT VARIOUS LAND USES

Land type Vegetation t CO,ha™ yr' Source
Peatland in Sarawak, Malaysia Oil palm eight years 22.07+0.8 Manning et al. (2019)
Peatland in Jambi, Indonesia Qil palm one year 96.13 Khasanah and Noordwijk (2019)
Rubber > 30 years 75.17
Logged-over forest 32.63
Betel nut and coffee > 20 years 71.00
Coconut and coffee > 40 years 85.00
Peatlands in Kalimantan, Indonesia Oil palm 84.10 Rumbang (2015)
Corn 69.20
Rubber plant 106.87
Mineral land in Rokan Hilir, Riau, Indonesia ~ Oil palm 33 years 34.70 Yahya et al. (2017)
Mineral land in Kampar, Riau, Indonesia Shrubs 98.40 Misbahuddin et al. (2018)
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The CO, emissions from the oil palm replanting
area decreased as a result of intercropping. The CO,
emissions during the vegetative and generative
phases of the intercropped plants are presented in
Table 3.

Table 3 shows that the CO, emissions from
intercropped plants during the vegetative phase
were significantly different. CO, emission from
corn was the highest at 67.2+31.1 t CO, ha™
yr, followed by those from soyabeans, natural
vegetation and legumes, at 48.7+20.7, 38.0+24.8
and 3414141 t CO, ha' yr', respectively.
The average emission from intercrop plants
was 47.0426.5 t CO, ha' yr'. The high levels
of CO, emissions from corn can be attributed
to the higher amount of inorganic fertiliser
applied to corn than to soyabeans. Chemical
fertiliser significantly increased CO, flux by 9%
compared to solitary urea application (Salehi et
al., 2017). The application of inorganic fertiliser

over the long-term will increase the CO, flux
(Dhadli and Brar, 2016).

The CO, emissions from the various intercropped
plants during the generative phase were not
significantly different. The average CO, emission
from intercropped plants during the generative
phase was higher (51.6+28.8 t CO, ha™ yr™') than that
during the vegetative phase (47.0£26.5 t CO, ha™
yr ™). This may be caused by the fact that microbial
activity was still high, but the ability of the plants
to absorb CO, for the metabolic activities in leaves
had decreased. This meant that the amount of CO,
absorbed by the leaves was low, resulting in higher
CO, emissions in the generative phase.

The CO, emissions in the morning were higher
than during the day (Table 3). Saleh et al. (2017)
attributed a higher concentration of CO, in the
morning to microorganism activity and a layer in
the atmosphere that traps CO, between sunset and
sunrise.
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Figure 6. Growth of corns plants. (a) height of plants, (b) number of leaves. The all groups were analysed by Duncan’s Multiple Range Test (DMRT)
at the level of 5%. The numbers followed by the same lowercase letter was not significantly different according to the DMRT at the level of 5%.
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Figure 7. The growth of soyabeans plants. (a) height of plants, (b) number of branches, (c) number of pods. All groups were analysed by Duncan’s
Multiple Range Test (DMRT) at the level of 5%. The numbers followed by the same lowercase letter was not significantly different according to the

DMRT at the level of 5%.
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TABLE 3. CARBON DIOXIDE (CO,) EMISSION DURING VEGETATIVE AND GENERATIVE PHASES
OF INTERCROPPED PLANTS

Mean+STD CO, emissions of vegetative phase

Mean+STD CO, emissions of generative phase

Treatment (tCO, ha™ yr') (tCO, ha™ yr')
(Intercropping plant)
Morning Afternoon Average Morning Afternoon Average

Corn 67.2a+33.3 67.2a+29.7 67.2a+31.1 73.8a+46.1 37.9ab+19.2 55.9a+39.1
Soyabeans 50.1ab+21.7 47 2ab+20.5 48.7b+20.7 51.7a+18.5 39.1ab+13.8 45.4a£17.2
Natural vegetation 36.7b+24.5 39.2b+26.8 38.0bc+24.8 56.0a+24.0 34.5b+9.2 45.3a+20.9
Legume 33.9b+15.7 34.3+12.2 34.1c+14.1 72.0a+39.2 47.6at14.1 59.8+31.4
Average 47.0£27.3 47.0425.6 47.0426.5 63.4+34.2 39.8+14.9 51.6+28.8

TABLE 4. LEVEL OF CARBON STOCKS IN VARIOUS
CROPPING CONDITION

Mean+STD carbon

Plant conditions stocks
(tCha™)
28-year-old oil palm 74.7+4.8
Understorey of 28-year-old oil palm 0.7+0.4
Corn 10.2+£2.6
Legume 7.6+0.8
Soyabeans 3.5£0.6
Natural vegetation 2.8+0.8
1-year-oil palm* 43.5+0.4
2-year-oil palm* 45.4+1.3

Source: * Singh et al. (2018).

The lower CO, emissions in plantations with
intercropping compared to bare land correlated with
the carbon stocks presented in Table 4. The carbon
reserve in the 28-year-old oil palms was 74.7+4.8 t C
ha™, while that in the understorey of the 28-year-old
palms was at 0.7+0.4 t C ha™'. Corn had the highest
carbon stocks of the intercropped plants at 10.2£2.6 t
Cha™', followed by legumes, soyabeans and natural
vegetation at 7.6+0.8, 3.5+0.6 and 2.8+0.8 t C ha™,
respectively.

For comparison, the carbon stock of young oil
palms at Mizoram, Northeast India was at 43.5+0.4
t C ha™' after one year and 45.4+1.3 t C ha™ after
two years (Singh et al., 2018). Carbon stocks of 5- to
6-year-old oil palms in Jambi and Riau were 10.7+0.4
t Cha™ and 9.5+0.2 t C ha™, respectively, while those
of 33-year-old oil palms in Riau were 75.8 t C ha™
(Yahya, 2017). In Central Kalimantan, 7-year-old
rubber plants had carbon stocks of 32.9+2.3 t C ha™
(Susanti and Dariah, 2014). In Northeast Brazil, the
carbon stocks of 25-year-old oil palms average at 40
t C ha™ (Sanquetta et al., 2015), corn at 2.36 t C ha™
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(Ocampo and Oscar, 2016), soyabeans at 0.3 t C ha™
(Nagy et al., 2017) and legumes at 14.6 t Cha™ (Guan
etal., 2016).

The vegetative growth of the oil palms over 11
months (August 2017 to June 2018) is presented in
Figure 8.

Plant height, number of leaves and number of
fronds indicate the carbon stocks of oil palm plants.
Figures 8a-c shows that intercropping affected
the vegetative growth of oil palms, although not
significantly. The best plants in terms of plant height
and length of fronds were found intercropped with
legumes, while the highest number of fronds was
found in palms intercropped with corn.

These results indicate that farmers should
cultivate corn and soyabeans as intercrops
during oil palm replanting. These plants reduce
CO, emissions and increase carbon stocks in the
replanting areas. In addition, the cultivation of corn
and soyabeans is a source of additional income for
smallholders.

CONCLUSION

The CO, emissions during the replanting of an
oil palm area follow a dynamic pattern. The CO,
emission from the area under the 28-year-old oil
palm stands before the land clearing was 28.5+13.5 t
CO,ha™ yr. They were 59.0+49.4 t CO, ha™ yr™ from
bare land, 47.0426.5 t CO, ha™ yrin the vegetative
phase of the intercropped plants, 51.6+28.8 t CO, ha™
yr ' in the generative phase of intercropped plants;
and 42.9423.3 t CO ha™' yr' when the new oil palms
were a year old.

The carbon stocks of intercropped plants were
10.242.6 t C ha™ in corn; 7.6£0.8 t C ha™ in legumes;
3.5+ 0.6t Cha™ in soyabeans and 2.8 £+ 0.8 t Cha™ in
natural vegetation. The findings of this study show
that oil palm replanting activities do not increase
CO, emissions in the air but do increase carbon
stocks.
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Figure 8. (a) Height of fronds, (b) length of fronds and (c) number of fronds of oil palm in different farmers’ plantation and intercropping plants.
All groups were analysed by Duncan’s Multiple Range Test (DMRT) at the level of 5%. The numbers followed by the same lowercase letter was not

significantly different according to the DMRT at the level of 5%.

ACKNOWLEDGEMENT

We acknowledge the Indonesian Oil Palm Estate
Fund (BPDPKS) for the financial support, Sustainable
Strategic Plantation Development Forum (FP2SB)
and PT. Asian Agri for providing research facilitation.
We thank to the researchers (Dr. Ir. Ida Nur Istina,
M.Si as main contributor, Nurhayati, SP, MSi and
Hery Widyanto, SP), enumerators, technicians and
laboratory assistants of Riau Assessment Institute
for Agricultural Technology (BPTP Riau) for the
support in completing this research.

REFERENCES

Cetin, M and Sevik, H (2016). Measuring
the impact of selected plants on indoor CO,
concentrations. Pol. ]. Environ. Stud., 25(3): 973-
979.

Dhadli, H S and Brar, B S (2016). Effect of long-
term differential application of inorganic fertilizers
and manure on soil CO, emission. Plant Soil
Environ., 62(5): 195-201. DOI: 10.17221/266/
2015-PSE.

275



JOURNAL OF OIL PALM RESEARCH 33 (2) (JUNE 2021)

Direktorat Jenderal Perkebunan (2017). Statistik
Kelapa Sawit Indonesia Tahun 2016-2018. Jakarta,
Indonesia. p. 3-4.

Environmental Protection Agency (EPA) (2017).
Sources of greenhouse gas emission. Overview
greenhouse gasses trap. epa.gov/ghgemission/
sources-greenhouse-gas-emission, accessed on 28
March 2020.

Guan, X K; Turner, N C; Song, L; Gu, J; Wang, T C
and Li, F M (2016). Soil carbon sequestration by
three perennial legume pasture is greater in deeper
soil layers than in the surface soil. Biogeosciences, 13:
527-534.

Hairiah, K; Dewi, S; Agus, F; Velarde, S; Ekadinata,
A; Rahayu, S and Noordwijk, M V (2010). Measuring
carbon stocks across land use systems: A manual.
World Agroforestry Centre (ICRAF), SEA Regional
Office. Bogor, Indonesia. p. 58-67.

Henderson, R M; Reinert, S A; Dekhtyar, P and
Migdal, A (2018). Climate Change in 2018: Implications
for Business. Harvard Business School. 317-302. p. 14.

Husnain, H; Wigena, I G P; Dariah, A; Marwanto, S;
Setyanto, P and Agus, F (2014). CO, emissions from
tropical drained peat in Sumatera, Indonesia. Mitig.
Adapt. Strateg. Glob. Change, 19(6): 845-862. DOI
10.1007 / s11027-014-9550-y.

Jalal, J; Najafabadi, A and Zardashti, M R (2017).
Intercropping patterns and different farming
systems affect the yield and yield components of
safflower and bitter vetch. J. Plant Interactions, 12(1):
92-99.

Khasanah, N and Nordwijk, M V (2019). Subsidence
and carbon dioxide emissions in a smallholder
peatland mosaic in Sumatra, Indonesia. Mitig. Adapt.
Strateq. Glob. Change, 24: 147-163. DOI:10.1007/
s11027-018-9803-2.

Khatoon, H; Solanki, P; Narayan, M; Tewari, L and
Rai, J P N (2017). Role of microbes in organic carbon
decomposition and maintenance of soil ecosystem.
Int. ]. Chem. Stud., 5(6): 1648-1656.

Li-li, M; Li-Zhen, Z; Si-ping, Z; Evers, ] B; Werf vd,
W; Jing-jing, W; Hong-quan, S; Zhi-cheng, S and
Spiertz, H (2015). Resource use efficiency, ecological
intensification and sustainability of intercropping
systems. |. Integr. Agric., 15(8): 1542-1550.

Manning F C; Kho, L K; Hills, T C; Cornulier, T and
Teh, Y A (2019). Carbon emissions from oil palm
plantations on peat soil. Front. For. Glob. Change.
DOI: 10.3389/f'fgc.2019.00037.

276

Madsen, R; Xi, L; Claassen, B and Mcdermit, D (2009).
Surface monitoring method for carbon capture and
storage projects. Energy Procedia, 1: 2161-2168.

Misbahuddin, M; Aryanti E; Purnamasari, E;
Permanasari, I; Irfan, M and Arminuddin, A T
(2018). Emisi CO, pada perkebunan kelapa sawit (Elaeis
quineensis Jacq.) yang ditumpangsarikan dengan
tanaman pangan fase berbeda di tanah mineral. Jurnal
Agroteknologi, 8: 31-36.

Nagy, R C; Porder, S; Brando, P; Davidson, E A;
Figueira, A M S; Neill, C; Riskin, S and Trumbore,
S (2017). Soil carbon dynamics in soybean cropland
and forests in Mato Grosso Brazil. |. Geosphys. Res.
Biogeosci., 123: 18-31. DOI 10.1002 /2017]G004269.

Ocampo, N and Oscar, Z (2016). Carbon storage of
corn-based cropping systems in Isabela, Philippines.
Philippine |. Crop Sci., 41: 20-29.

Olivier, ] G J; Maenhout, G J; Muntean, M and Peters,
JAH W (2016). Trends in global CO, emissions: 2016
Report. PBL Netherlands Environmental Assessment
Agency. The Hague. 17 pp.

Olivier, ] G J; Schure, K M and Peters, ] A H W
(2017). Trends in global CO, and total greenhouse
gas emissions: 2017 Report. PBL Netherlands
Environmental Assessment Agency. The Hague. 4

pp-

Pahlipi, R; Aryanti, E; Irfan, M; Permanasari, I and
Arminudin, T (2017). Emisi gas karbon dioksida (CO,)
pada perkebunan kelapa sawit (Elaeis guineensis Jacq.)
yang ditumpangsari dengan tanaman pangan di lahan
gambut. Jurnal Agroteknologi, 7(2): 33-40.

Poppy, A F; Faiza, L L; Nurcholis, W; Ridwan T;
Batubara, I, Susilowidodo, R A and Wisastra, R
(2017). Pengaruh pola tanam tumpang sari terhadap
produktivitas rimpang dan kadar senyawa aktif temu
lawak (Curcuma xanthorrhiza Roxb). Jurnal Jamu
Indonesia, 2(2): 51-59.

Rumbang, N (2015). A study of carbon dioxide
emission in different types of peatland use in
Kalimantan. Ilmu Pertanian, 18(1): 9-17.

Saleh, T; Darmawan and Sumawinata, B (2017). Fluks
CO, pada tanah Andosol pada penggunaan lahan kebun
sayur dan hutan di Kecamatan Cisarua Kabupaten Bogor.
Buletin Tanah dan Lahan, 1(1): 115-120.

Salehi, A; Falah, S and Sourki, A A (2017). Organic
and inorganic fertilizer effect on soil CO, flux,
microbial biomass, and growth of Nigella sativa L. Int.
Agrophys., 31: 103-116. DOI: 10.1515/intag-2016-
0032.



THE DYNAMIC OF CARBON DIOXIDE (CO,) EMISSION AND LAND COVERAGE ON INTERCROPPING SYSTEM ON OIL PALM REPLANTING AREA

Sanquetta, C; Netto, S P; Corte, A P D; Rodrigues, A
L and Behling, A (2015). Quantifying biomass and
carbon stocks in oil palm (Elaeis guineensis Jacq.) in
Northeastern Brazil. African ]. Agric. Res., 10(43):
4067-4075. DOI: 10.5897 / AJAR2015.9582.

Singh, S L; Sahoo, U K; Kenye, A and Gogoi, A
(2018). Assessment of growth, carbon stock and
sequestration potential of oil palm plantation
in Mizoram, Northeast India. ]. Environmental
Protection, 9: 912-931.

Sujayanand, G K; Sharma, R K and Shankarganesh,
K (2016). Impact of intercrops and border crops
on pest incidence in okra. Indian ]. Hort, 73(2):
219-223.

Susanti, E and Dariah, A (2014). Dampak ameliorasi
tanah gambut terhadap cadangan karbon tanaman
kelapa sawit dan karet. Prosiding Seminar Nasional

277

Pengelolaan  Lahan Gambut Berkelanjutan. 18-19
August 2014. Balai Penelitian dan Pengembangan
Pertanian. Bogor, Indonesia. p. 307-318.

Yahya, S; Wachjar, A; Istina, I N and Kusumawati,
S A (2017). Pola peremajaan kebun kelapa sawit rakyat
yang efektif dan berkelanjutan. Forum Pembangunan
Perkebunan Startegis Berkelanjutan-Badan Pengelola
Dana Perkebunan Kelapa Sawit. Jakarta, Indonesia.
Unpublished data.

Zarekar, V V; Kapse, V D; Chavan, A R and
Gangawane, S B (2018). Effect of intercropping and
planting methods on yield, nutrient content and
uptake by sugarcane under lateritic soil of Konkan
region. J. Pharmacogn. Phytochem., 7(1): 135-139.

Zein, A E and Chehayeb, N (2015). The effect of
greenhouse gases on earth’s temperature. Int. |.
Environ. Monit. Analysis, 3(2): 74-79.



