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Abstract: Agriculture is a major contributor to greenhouse gas emissions, and crop management

511170";;’;; 2 4 practices can influence carbon dioxide (COz) and methane (CH4) emissions. This study aimed to

evaluated the crop yield and carbon fluxes of corn and peanut crops. The research was conducted
Revised: from November to June during the dry season in Ranca Bungur District, Bogor, West Java,
04/11/2024 Indonesia, where we monitored soil CO2 and CH4 fluxes alongside Net Primary Production (NPP)

in corn and peanut fields. Carbon flux was measured using the closed chamber method, and NPP
Accepted: was calculated by multiplying the total plant biomass at harvest by its carbon content. The result
13/02/2025 showed that the corn field had higher CO2 emissions (4.35 + 1.09 g C-CO2 m2 d-1) compared to

the peanut field (2.59 + 0.71 g C-CO2 m2 d-1), while CH4 emissions were low in both fields but
slightly higher in the peanut field (0.26 + 0.69 mg C-CHs m2 d-1) than in the corn field (0.08 + 0.46
mg C-CHs4 m-2 d1). Furthermore, the study found that corn had a higher NPP than peanuts,
resulting in a positive correlation between carbon emission and NPP in both fields. The study
suggests thatincreasing NPP could reduce carbon emissions and fix more carbon into the system.

Keywords: Arachis hypogaea, COz flux, CH4 uptake, Zea mays.

Introductions

In recent years, climate change has been a concern for
many researchers. They have predicted a significant
increase in the temperature of the atmosphere and
oceans due to the emission of greenhouse gases (GHG)
such as carbon dioxide (CO:), methane (CHa4), nitrous
oxide  (N20), tropospheric ozone (03) and
chlorofluorocarbons  (CFCs) (IPCC, 2007). Soil,
recognized as the most terrestrial carbon sink, stores
more carbon than the combined biomass and atmosphere
of the planet. The top meter of global soils contains
approximately 2200 petagrams (Pg) of carbon, making it
the most substantial terrestrial carbon reservoir, with
around 1500 Pg specifically as soil organic carbon
(Sharififar et al., 2023). The degradation of soil, marked
by the loss of organic carbon, is a primary indicator of
land degradation (Nijbroek et al.,, 2018).

Land degradation is a complex term in geographical
literature and environmental studies due to its
association with similar phenomena such as
deforestation, desertification, and soil erosion. Land
degradation refers to the impairment of land quality and
its associated elements caused by natural or
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anthropogenic factors. This process affects the value of
the biophysical environment, leading to changes or
disturbances deemed detrimental to the ecosystem and
its inhabitant (Kaiser, 2020). Land degradation can be
caused by an increase in greenhouse gases emission
include the reduction of ecosystem services such as
carbon sequestration, climate change, and decrease in
biodiversity or water storage. Climate change represents
one of the most significant threats humanities has ever
faced. It is a crucial factor in agricultural production
systems, directly and indirectly affecting cultivation.
Climate profoundly impacts biogeochemical cycles in soil,
as all three types of soil processes—physical, chemical,
and biological—are governed by the prevailing climatic
conditions of a particular location (Ghosh and Mandal,
2023). Additionally, nutrient cycling is an indicator for
the reduction of ecosystem services related to soil and
change in land use for agricultural land (Ryusuke et al.,
2015).

According to the Intergovernmental Panel on Climate
Change (IPCC), land degradation is a driver of climate
change through emission of greenhouse gases (GHGs)
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and reduced rates of carbon uptake (IPCC, 2022). On
agricultural land, the choice of cropping system and the
implementation of crop management practices influence
CO2, CH4, and N20 emissions (IPCC, 1997). According to
(Raich and Schlesinger, 1992) CO: emission resulting
from soil respiration is 10 to 15 times higher than fossil
fuels emmisions. Globally, agricultural production (crops
and livestock) is responsible for the majority of methane
emission (from cattle pastures, rice farms, and wetlands)
and nitrous oxide (due to the intensive application of
fertilizer). Therefore, the potential for technical
mitigation in the agricultural sector is high, and 74% of it
is in developing countries (FAO, 2011)

The contribution of agricultural soils to CO2, N20 and CH4
emissions depends on the biophysical processes, and the
incorporation/decomposition of organic residues in the
soil (Badewa etal., 2022). Aerobic soil conditions produce
CO2, while anaerobic conditions produce CHs4, and
mineral-N nitrification and denitrification processes
result in into N20 emission (Mufioz et al.,, 2010). Carbon
is essential as energy in denitrification. The low
availability of carbon result in low denitrification and it is
responsible for the abundance of NO3-N concentration in
the soil (Nugroho et al,, 2015).

There is growing concern about global warming and
rising concentrations of greenhouse gases in the soil. In
terrestrial ecosystems, soil plays a crucial role in the
transforming of carbon through various processes such
as climate, regulate the cycles and movements of both
organic and inorganic forms of these elements (Medhi et
al. 2021). Soil tillage significantly impacts CO: flux during
the tillage process (Reicosky, 1997; Jia et al., 2021). Soil
COg, formed during microbial breakdown, is stored in soil
pores and can be released into the atmosphere through
diffusion or diffusion combined with mass flow.
Methanogens play a crucial role in CH4 production, while
methanotrophs consume it. These microorganisms thrive
in soil or ocean sediments (Mehra et al, 2018). The
activity of microorganisms and plant root systems in the
soil can affect CO2 emissions and water content, and also
high temperatures can increase CO2 emitted from the soil
(Kuswandora, 2012a). Additionally, soil temperature, air
temperature, humidity, and litter volume contribute to
the COz2 flux, providing substrate food for soil microbes
(Hendri et al. 2015).

Carbon naturally enters any terrestrial ecosystem by
photosynthesis in plants. This process involves extracting
carbon dioxide from the air, separating the carbon from
the oxygen atoms, returning oxygen into the atmosphere,
and using the arbon to make biomass in the form of roots,
stems, foliage, and other plant parts. This process is
commonly referred to as “carbon sequestration”,
indicating that it is a natural process that removes carbon
dioxide from the atmosphere and stores it in the soil
(Chapin et al. 2011; Matthews, 2023). Plants take in CO2
from the atmosphere as they grow. Carbon is returned to
the atmosphere mainly as CO:z from the metabolic
respiration of plants, animals, and microbes, making up
an important segment of the carbon cycle. It is also
important to understand that net COz emissions result
from the amount of atmospheric carbon, fixed through
Total carbon loss in this study, which was made up of CO2
and CHs fluxes, was observed to be higher in the corn
field. The mean CO: flux in the corn field reached 4.35 *
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photosynthesis and stored in the soil as organic matter,
and the amount of soil carbon oxidized to COz during a
given period. It is necessary to consider that the primary
source of net CO: emissions in the atmosphere is
associated with agricultural practices. The life cycle
emissions of agricultural inputs were found to contribute
to net GHG emissions through combined soil emissions of
N20 and CH4, and CO2 emissions (Gao et al., 2018).
Carbon balance can be defined as the difference between
the carbon assimilated by plants through of
photosynthesis and the ecosystem level CO: released by
autotrophs and heterotrophs (Manzoni et al,, 2018). On a
broader scale, the carbon balance of ecosystems includes
both the carbon stock in vegetation and soil and the
carbon absorbed by vegetation (Chuai et al., 2019). If the
amount of carbon absorbed by plants through
photosynthesis is greater than the amount of carbon
released by respiration, the ecosystem acts as a carbon
sink. In this case, the ecosystem accumulates carbon in
the atmosphere and the soil. Conversely, if the amount of
carbon released by respiration exceeds the amount of
carbon absorbed by plants, the ecosystem becomes a
carbon source and releases carbon into the atmosphere
(National Geographic Society, 2023). Towards
determining carbon sink and source, FAO has developed
several methods of evaluating carbon balance. Carbon
balance assessment could help in building new strategies
to adapt and prevent climate change consequences
especially in the developing agricultural sector (Bernoux
etal, 2010).

Agricultural lands could be globally significant sinks or
sources of atmospheric CO2. However, the carbon balance
of these areas still needs to be better quantified because
most research has focused on COz emission from the soil
only, without incorporating the carbon uptake by
vegetation and additional carbon flows such as
decomposition and leaching (Heimsch et al, 2021).
Additionally, forest soils are crucial role as significant
terrestrial sinks for atmospheric CH4. However, the
intricate microbial production and oxidation processes,
CHs+ movement in forest ecosystems, and their
connections to environmental controls still needs to be
better understood (Feng et al., 2020). The overall amount
of organic carbon added into the soil through living roots,
as well as net rhizodeposition is defined as the part of the
carbon that remained in the soil after microbial
utilization and partial decomposition to CO2. So that
carbon allocation from plant is complicated to measure
(Pausch and Kuzyakov, 2018). Therefore, soil respiration
is a crucial process that needs careful attention for
various reasons, including understanding how the land's
living environment interacts with the atmosphere and
creating budgets for carbon within ecosystems.

The objective of this research was to assess the amount of
carbon flux (COz and CH4) and Net Primary Production
(NPP) of different uses of tropical agricultural in mineral
soils.

Results and Discussion
Soil COz and CH flux

1.09 g C-CO2 m2 d-1, with a recorded range of 1.86 to 8.19
g C-COz2 m2 d-1; while in the peanut field it amounted to



2.59 + 0.71 g C-CO2 m%2 d-! with a range of 1.44 to 4.01 g
C-CO2m2d! (Table 1).

These values are in general agreement with those that
had been previously reported by other researchers. For
instance, (Fan et al,, 2019) observed that the average soil
CO2 fluxes in maize growing seasons were 4.06, 4.01, 3.61
and 3.81 g m~2 d-1. The field experiment was carried out
in 2014 and 2015 at the experimental station of Gansu
Agricultural University, China. (Rumbang et al. 2009) also
found that in a corn field in a West Kalimantan peatland
that was measured in 2006 and 2007, the mean CO:
emissions were 0.31 and 0.39 g COz m-2 h-1, respectively.
Similarly, in a Central Kalimantan peatland that was also
planted to corn and monitored in 2005, 2006 and 2007,
the mean COz emissions in a corn field after 1-5 years of
cultivation were 0.24, 0.52, and 0.29 g CO2 m? h,
respectively. In another field observed after 6-10 years of
cultivation with corn, the corresponding values were
0.43,0.81,0.77 g CO2 m2 h'1, respectively.

Methane fluxes ranged from -1.10 mg C-CHs m2 d1!
(uptake) to 3.11 mg C-CHsa m-2d-! (production), indicating
that both methanotrophs (CH4 oxidizing bacteria) and
methanogens (CH4 producing bacteria) were present in
the soil microbial community at this site. Overall,
oxidative processes dominated over production, with a
mean flux rate in the corn field of 0.08 + 0.46 mg C-CH4 m-
2d-1, and 0.26 + 0.69 mg C-CHs m2 d-lin the peanut field.
The results showed that the total COz flux in the corn field
during the growing season (lasting 77 days each) was
3.308 ton C- CO2 ha'l, and in the peanut field (with a
growing period of 75 days per season), it amounted to
2.028 ton C- COz ha'L. The total CH4 flux from the corn and
peanut fields came out very low, at only 0.065 kg C-CH4
haland 0.186 kg C-CH4 ha'l, respectively (Figure 2).In an
earlier study, (Rochette et al. 1999) found that for corn in
eastern Canada, root respiration was zero over the first
30 days from planting, but during the next 30 days of
plant growth, the contribution of root respiration
increased linearly to a maximum of 45% where it
remained constant until plant senescence. Total soil CO2
flux during the 160-day period from planting to harvest
was 5.5 mg CO2-C hal, with root respiration accounting
for 28.7% of this total seasonal soil respiration.
Meanwhile, maize was growth slowly and root
distributed shallow in early time, with the rapid
vegetative growth and reproductive growth of maize, soil
water storage of treatments gradually decreased. The soil
CO2 fluxes showed a seasonal variation and fluctuated
with the soil and the atmospheric temperature for upland
in China (Fan et al,, 2019).

(Li et al.,, 2016) reported that CH4 fluxes in peanut field
among the sampling sites showed a higher CH4 fluxes,
whereas the fluxes in corn field indicated the lower CH4
flux. The CO2 and CH4 flux in corn field and peanut field
may be low due to organic matter, pH, water temperature,
and photosynthetic active radiation. In corn field higher
than peanut mainly due to fertilizer requirements. Peanut
requires less fertilizer and water than corn (Feng et al,,
2021), this can result in lower microbial activity in the
soil, which can lead to lower CO2 fluxes.

CHa4 has a global warming potential 28 times greater than
that of COz on a 100-year timescale and directly
contributes to approximately 20% of recent climate
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Table 1. Mean (*+SE), minimal and maximal of methane
and carbon dioxide emissions at the corn and peanut
fields.

Carbon dioxide Methane
gCm2d! mg Cm2d1?
Corn
Mean 4.35+1.09 0.08 £ 0.46
Minimum 1.86 -1.10
Maximum 8.19 1.23
N 36 39
Peanut
Mean 2.59+0.71 0.26 £ 0.69
Minimum 1.44 -1.13
Maximum 4.01 3.11
N 27 27

warming, despite its concentration being two orders of
magnitude lower than that of CO2. This phenomenon is
particularly evident in the context of methane emissions
from mangrove wetland soils (Zheng et al.,, 2018). The
amount of CH4 emission in the corn field was 0.065 kg C-
CH4 ha'! period! which is equal to 0.001 ton C-COz ha't
period-1. Correspondingly, in the peanut field it measured
0.186 kg C-CH4 ha1 period-! which is equal to 0.004 ton C-
CO2 ha! period-1. This number is very small. Hence, total
soil carbon (COz and CH4) emission from the corn and
peanut fields during the 77-day and 75-day period from
planting to harvest amounted to 3.310 and 2.033 ton C ha-
1, respectively. Further, logically, outside the cropping
period, when the land is idle or bare (without crop),
emission can be expected to be much lower. Soil CO: flux
consists of autotrophic respiration of plant roots and
heterotrophic respiration of soil organisms. It also
includes respiration from the litter layer above the
mineral soil. The amount of soil COz flux is commonly
referred to as soil respiration (Jiang et al., 2020). In this
research though, soil respiration (CO2z flux) refers to the
sum of heterotrophic respiration and autotrophic
respiration in the soil. In according to (Warner et al,,
2019) soil respiration refers to the exchange of CO:
between the soil and the atmosphere, which is generated
by plant roots and microorganisms. The respiration flux
has a significant impact on the carbon balance.

The peak CO2 flux was up to 8.19 g C-CO2 m2 d! in-row
chamber in the corn field. Significantly lower fluxes were
recorded at the peanut field (1.44 to 4.01 g C-CO2 m2d-1).
Fig 2. shows that the corn field on-row CO: flux is higher
than that inter-row. This indicates that CO: flux was
strongly influenced by the respiration of plant roots and
the high activity levels of microorganisms around the
roots. The farther away from the roots, the lower the CO2
flux. The lower COz emissions in the peanut field may be
explained by the smaller contribution of plant root
autotrophic respiration. The contribution of root
respiration to total soil respiration is dependent on
vegetation type, growing patterns, season, soil, climate,
and management conditions. Management practices by
soil plowing replaced sub-soil with top soil and made the
dead root abundant on the top soil. It stimulated
decomposition, hence, increased CO2 flux (Nugroho et al.
2018).

Methanogenic bacteria are a type of anaerobic bacteria
that generate methane gas during their metabolic
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Fig 1. COz measurement using a closed-chamber method. The CO; flux was measured using a closed-chamber method
with a chamber base (3 cm depth) to prevent gas leakage. A stainless steel chamber (20 cm diameter, 26 cm height) was
placed on the base. The chamber cover includes three ports: a syringe port for gas sampling, a tedlar bag port for airtight
gas collection, and a pressure bag port to balance internal and atmospheric pressure.

processes (Shukla et al. 2021; Whitman et al. 2006).
Methane formation occurs via anaerobic fermentation
because of the nature of these bacteria. In livestock waste,
the quantity of methane produced is directly proportional
to the total amount of anaerobic bacteria present
(Marlina et al.,, 2018). (Suprihati et al., 2006) suggested
that CHs gas is produced by biological activity of the
microbial agents (methanogen bacteria) through
decomposition or decay of organic matter that occurs in
paddy fields and fermentation in ruminant animals.
Ruminant production systems contribute significantly to
the CH4 emission (Ku-Vera et al., 2020). In dry land, CH4
can occur under anaerobic conditions (Lafuente et al,,
2020). The formation of CH4 gas is closely associated with
the activities of methanogen bacteria that require organic
material and anaerobic environments. Therefore, the
formation of CHs in the study sites can be said to have
been caused by anaerobic condition with decomposing
organic matter, which abetted methanogen bacterial
activity (Jiang et al., 2019).

(Fig 3.)

Fig 3. shows that CHs flux could be negative, indicating
soil uptake of atmospheric CH4 (Werner et al,, 2006). It
could also be caused by bacterial (methanogen and
methanotroph) activity. Methanogen bacteria activity on
dry land is very limited; these bacteria can work only in
narrow anaerobic sites with sufficient organic material.
These sites might have formed during the initial gas
sampling (time: 0 min) however, on subsequent sampling
occasions (time: 20, 40 min), apparently the
methanogens could not manufacture CHs gas in the
absence of suitable site conditions. Consequently, some
measurable concentrations of CHs gas could be detected
in the early (0 min) measurement; but at the succeeding
observations (20, 40 min), the CH4 concentrations did not
increase, and even tended to fall, thereby causing the CHa
flux to become negative.

Besides methanogen (methane-forming) bacteria), there
is also CHs oxidizing (methanotroph) bacteria.
Methanotroph bacteria is an aerobic microorganism that
can grow and evolve with CHas as the sole energy source
(Ahmadi and Lackner, 2024). Thus, CH4 oxidation can
occur in micro-aerobic environment in the root zone and
in the oxic soil surface layer. CHs oxidation process is
initiated by methane mono-oxygenase enzyme that plays
a role in the conversion of CH4 into methanol (Kumar et
al, 2021). The formation of CH4 gas on dry land is very
limited but the aerobic conditions might support
methanotroph bacterial activity hence, the CHs gas that
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Fig 2. Total COz and CHa4 fluxes from corn and peanut
fields

formed at limited sites can be utilized by methanotroph
bacteria (Guerrero-Cruz et al., 2021). This causes the CH4
gas concentrations to continue to decrease and lead to a
negative flux value. Negative flux values in dry land
farming had been found by previous researchers. For
instance, flux in the soybean cultivation was 0.05 mg C-
CHam2 h! (Ernawanto et al., 2003). Methane fluxes were
also low and negative (that is, CH4 uptake) in most cases
and ranged on average from - 1.66 to - 1.22 mg m-2 day-
1 in Mediterranean dry land (Lafuente et al., 2020).

Net Primary Production (NPP)

Carbon is fixed by the Earth’s vegetation, as NPP. NPP
refers to the net content of organic matter synthesized by
plants through the uptake of CO:2 (photosynthesis) minus
the consumption by plant autotrophic respiration per
unit area and time (Chen et al. 2023). This is the carbon
or biomass yield of the landscape, available for use by
animals and humans. Our estimates of NPP do not include
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carbon in root exudates. If elevated CO:z significantly
increased root exudation, then our estimates of NPP in
each plot would have been too low. Interestingly, some
studies have found no significant increases in root
exudation in plants grown under elevated CO2 (Doughty
et al. 2018). In this study, the NPP value of each land
during a cropping season that was obtained reached 5.50
ton Chaland 2.71 ton C ha! in the corn and peanut fields,
respectively. The summary of plant carbon values in each
field are presented in Fig 3.

NPP serves as an indicator of the rise in plant biomass,
which is a crucial aspect of the global carbon cycle and
provides insight into the well-being of an ecosystem
(Yelin Jiang et al.,, 2020). (Kirschbaum et al.,, 2001) cited
that NPP constitutes the total annual growth increment
(both above and below ground) plus the amount grown
and shed in senescence, reproduction or death of short-
lived individuals in a stand plus the amount consumed by
herbivores.

The analysis of plant carbon content yielded the following
calculated NPP values for one growing season: roughly
5.50 ton C ha! in the corn field and 2.71 ton C ha'l in the
peanut field. The comparison of the corn and peanut NPP
was carried out with the key assumption that each field
was planted successively with the same crop for one year.
In other words, given the respective length of each crop
growing season, each field was cultivated and planted to
corn or peanut about 4 times per year. With this
assumption, the NPP value for each area would amount
to around 21.98 ton C ha'! yr! for corn, and 10.86 ton C
hal yr1, for the peanut, field. These results give the
estimated amount of carbon stored by plant during
growth (biomass) in a field, which also provide estimates
of the amount of COz in the atmosphere that is absorbed
by plants.

Based on calculated values for one year, it can be seen
that the highest emission came from the corn land,
together with the higher value of NPP. This suggests that
the higher the carbon that is released through respiration
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by a farmland, the higher the carbon that is absorbed
through photosynthesis. This is in accordance with (Jarvi
and Burton, 2020) who reported the amount of the
amount of total C that released back to the atmosphere
affected by root respiration. Conversely, (Collalti et al,,
2020) stated that respiration is not linearly related either
to photosynthesis or to biomass, but it is more strongly
controlled by recent photosynthates (and reserve
availability) than by total biomass.

Soil ecosystems act as absorbers, reservoirs and emitters
of GHG, depending on the balance of inputs and outputs,
which are conditioned by different processes that
influence GHG emissions such as soil biological
respiration, rate of nitrification and other oxidative
processes including soil erosion and land use change
(Mufioz etal., 2010). Strategies to mitigate carbon dioxide
emissions through changing in management practices
that has the potential to enhance the forest carbon
balance and reduce emissions (Law et al., 2018). In China
and the United States have shown that changes in farm
management with reduce chemical fertilizer use can
reduce GHG emissions, increases in yields might also be
achieved through the adoption of agroecological
production practices, including cover crops, integrated
pest management, and increased use of precision




agriculture, but will require different management
interventions in different regions (Clark et al., 2020).
NPP values indicate the amount of carbon contained
during the period of plant growth. In this regard, we
recommend that after harvesting the remnants of the
plant crop should not be removed or burned. Farmers
should return the remaining plant materials back into the
soil to increase soil organic matter, which can help
improve the physical condition and fertility of the soil.
Along this line, (Amelung et al., 2020) suggested that
improving capabilities in management practices to the
soil, can retain soil at high organic carbon input,
irrespective of which form this carbon exists and how it
is stabilized. This results in increased infiltration, better
soil water relations, reduced surface sealing and erosion
which should lead to increased crop yields. The
improvement and maintenance of soil C and soil structure
are essential for sustainable agricultural systems and
conservation of soil resources.

Materials and methods

Site description

The research was conducted in the Ranca Bungur District
of Bogor, West Java, Indonesia, on land that had
traditionally been utilized for conventional agriculture,
specifically for cultivating corn and peanut crops. The
research carried on eight months from November to June
and included continuous monitoring of soil CO2 and CH4
fluxes. Plant samples for the assessment of Net Primary
Production (NPP) were collected at harvest: corn at 77
days after planting and peanuts at 75 days after planting.
For the sampling, four corn plants and nine peanut plants
were selected for analysis. Additionally, plant samples
were collected for the assessment of NPP. COz gas and
plant sample analyses were performed at the laboratory
of the Department of Soil Science and Land Resources,
Faculty of Agriculture, IPB University, Indonesia. The
analysis of CHs4 gas samples was conducted at the
Laboratory of Soil Science, Graduate School of
Agriculture, Hokkaido University, Japan.

The soil at the research site is classified as Aquic
Dystrudept, and the climate is tropical. In Indonesia, the
seasons are generally divided into the dry season and the
rainy season. There is a significant temporal variation in
CO2 emissions, which is closely related to climatic factors
such as temperature, humidity, rainfall, and the
distribution of precipitation within a region. The distinct
conditions during the dry season differ markedly from
those during the rainy season, leading to substantial
influences on CO2 emissions throughout the year. A
comparative experimental design was employed,
focusing on two types of land use: corn and peanuts, with
plots located in close proximity to ensure uniform
environmental and soil conditions. Standard agricultural
practices, including fertilization and irrigation, were
implemented across all plots.

Carbon flux measurements

The observation period coincided with the cropping time
(from planting to harvesting) for corn (Zea mays) and
peanut (Arachis hypogaea), namely: 77 days and 75 days,
respectively (Kuswandora, 2012a). The recommended
standard method for GHG flux measurements are closed
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chamber method (Pavelka et al, 2018). It involves
creating a closed space on the soil surface and measuring
CO2 concentration in the inner space (Bekku et al., 1995).
The model of the closed chamber method can be seen in
Error! Reference source not found.. The COz and CH4
fluxes were taken weekly by closed chamber method, two
replications on row, one replication inter-row in corn,
and three replications in peanut field (without row). Flux
estimates were based on changes in chamber COz and CHa
concentrations over time. Four gas samples (at 0-, 3-, 6-
and 12- min intervals) were injected into tedlar bags
while three gas samples (at 0-, 20- and 40- min intervals)
were injected into vial bottles. COz and CHa fluxes were
measured using CO:z infrared gas analyzer and gas
chromatography with flame ionization detector (FID).
Samples of corn (Zea mays L.) and peanut (Arachis
hypogaea L.) were likewise taken when harvested. All
parts of the plant were taken to measure the plant carbon
content using a CHNS elemental analyzer. For corn, the
plant samples consisted of roots, stems, leaves, flowers,
and fruits; while for peanut, the sample consisted of both
above-ground parts (leaves, stems and flowers) and
underground ground parts (roots and pods). Plant
samples were collected at four replicates in corn and nine
replicates in peanut fields. Each plant sample was
weighed and then oven-dried at 60°C for 72 hours. After
drying, samples were cut into small sections, crushed and
then sieved with a 100-mesh stainless steel screen.
Afterwards, total C and N content were analyzed using
CHNS elemental autoanalyzer. To determine water
content and biomass, the plant samples were oven-dried
at 100°C for 24 hours (or until its weight reached a more
or less fixed level.

Net Primary Production (NPP) calculation

Plant carbon measurements were conducted at harvest
for each field. All parts of the plant samples were collected
for carbon content analysis. For corn, samples included
roots, stems, leaves, flowers, and ears. In contrast, peanut
samples comprised the above-ground parts (leaves,
stems, and flowers) and below-ground parts (roots and
pods). After collecting representative plant samples, the
weight of each sample was recorded, followed by oven
drying at 60°C for 72 hours. Once dried, the samples were
chopped and ground, then filtered through a 100 mesh
sieve. Carbon content analysis was performed using a
CHNS elemental analyzer. Additionally, the moisture
content and dry weight of the plant samples (biomass)
were determined by further oven drying at 1000°C for 24
hours until a constant weight was achieved.

Carbon content analysis is commonly used to determine
the amount of NPP. NPP represents the amount of carbon
that is incorporated into biomass, and is the difference
between total carbon assimilated by photosynthesis
(gross primary production or GPP) and that portion lost
by autotrophic respiration (Ra) (Sierra, Estupinan-Suarez
and Chanca, 2021). Therefore, predicting the effects of
elevated COz on NPP under different environmental
conditions requires a deep understanding of the effects of
CO2 on GPP and Ra. For example, an increase in NPP could
be driven by the increased fixation of carbon into the
system (increased GPP), or reduced flux of carbon out of
the system (reduced Ra), or both. In this research, we
obtained the amount of NPP during the crop growing



period (77 days for corn and 75 days for peanut) by
multiplying the total plant biomass at harvest in one
hectare with carbon content. The NPP calculation formula
used was:
NPP=BxC

where:

NPP is Net Primary Production (ton C ha'! period),

B as the biomass (t ha-lperiod-t), and

C is carbon content (% C)

Only the amount of carbon produced and lost in the year
for which NPP is being calculated was counted, not what
was produced in an earlier year and lost in the current
year. However, in practice, this distinction is sometimes
difficult to make.

Conclusion

The total soil carbon emissions from the corn and peanut
fields were 3.310 and 2.033 ton C ha-l, respectively. This
study also found that CHa flux rates were very low, and
oxidative processes dominated over production.
Meanwhile, the Net Primary Production (NPP) values
were found to be 21.98 ton C ha! yr! for corn and 10.86
ton C ha'! yr! for peanut. The positive relationship
between carbon emissions and NPP suggests that an
increase in NPP could be driven by the increased fixation
of carbon into the system or reduced flux of carbon out of
the system, or both. Overall, the study confirmed that CO2
flux is strongly influenced by the respiration of plant
roots and the high activity levels of microorganisms
around the roots.
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