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ABSTRACT

Climate change caused by increasing anthropogeni c greenhouse gas concentrations can threaten
food security. Agricultural land isa source of food availability, however it isone source of GHG
emissions, especially methane and nitrous oxide. Integration management of land, water, and
plantsin an integrated manner can be an effort to reduce the impact of climate change. This
paper aims to inform the technologies to reduce emissions of methane and nitrous oxidein rice
fields. One of the technologies to mitigate greenhouse gas emissions on agricultural land is
through the use of natural materials as an inhibitor for the formation of methane and nitrous
oxide in the soil due to the content of secondary metabolites in natural ingredients. Natural
materials can simultaneously increase nitrogen nutrient uptake and improve crop yields. The
methane production in rice fields is suppressed by more than 30% by coconut fiber, turmeric
rhizomes, leaf of Ageratum conyzoides, and the leaf of Cosmos caudatus; while application of
Cosmos caudatus and Ageratum conyzoides can also reduce the production of nitrous oxide
more than 20%, respectively.
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INTRODUCTION

Climate change occursdueto global warming
caused by increased concentrations of
anthropogenic greenhouse gasses in the
atmosphere. The impact of climate change
occurs in various sectors, including the
agricultura sector. Changesinglobal climate
may affect temperature and moisture, which
will directly influence nutrient cycling and
availability, and food security (Mosier et al .,
2004). Theimpact of climate changedirectly
hasimplicationsfor decreasing the production
and welfare of farmers, and also indirectly
influencing, namely reducing the productivity
of food crops and increasing pest and plant
disease attacks (Santoso, 2016). Thedemand
for food crops, especially rice, isexpected to
increase globally by 35% by 2030, and there
is a need to increase the global agricultura
productivity by 60-110% to provide food
security by 2050 (Gorh et al., 2018).

Global GHG emissions are predicted to
increase by 35-60% at the end of 2030
(Hussain et al., 2014). Indonesia’s attention
to climate change is no longer doubted, as
indicated by ratifying the Kyoto Protocol to
reduce GHG emissions with Law 17/2004
and supporting Paris’s agreement with Law
16/2016. The Paris Agreement seeks to
prevent anincreasein globa temperaturesby
anaverageof 2°Cand seekstolimit temperature
increasesof 1.5°C abovepre-industria levels.
The global mean annual temperature is
considerably increasing due to the enhanced
greenhouse effect, which isestimated at 1.1
t06.4° C at theend of thetwenty-first century
(Hussain et al., 2014). Based on the Inter-
governmentd Panel on Climate Change (IPCC)
report that theincreasein averagetemperature
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in Indonesia is included in the group of
countries whose temperature increases are
around 0.2°C and lessthan 1°C in the period
1970-2004 (Khudori, 2011). In 2019,
Indones aexperienced an averagetemperature
increase of 0.580 C compared to the normal
period or the time range of 1981-2010
(Bappenas, 2019). In addition, Indonesiais
committedto reducing GHG emissionshy 29%
independently or 41% with international
cooperation in 2030 (KLHK, 2019). The
Government has even issued Presidential
Regulation 61/2011 concerning action plans
for reducing GHG emissionsand Presidential
Regulation 71/2011 concerning the imple-
mentation of greenhouse gas inventories.

The agricultural sector contributes to the
national GHG emissions by 13% (MEF,
2018). GHG emissionsfrom the agricultural
sector arepredicted to increase by around 5%
by 2030 (115.86 milliontons CO,-equivalent)
without mitigation efforts (KLHK, 2016). The
agricultural sector, which plays an important
rolein food security, is vulnerable to climate
change, asourceof greenhouse gasemissions,
and apotentia solution to reducing emissions
through mitigation efforts.

One source of anthropogenic GHG emissions
in the agricultura sector isrice fields. Rice
fields are seen as amgjor source of methane
and nitrous oxide emissions (Hague et al.,
2017). Both methane (CH,) and nitrous oxide
(N,O) are more potent than carbon dioxide
(CO,) in driving climate change. Methane
emissions comprise roughly 90% of the
global warming potential (GWP) of Geld
emissionsin Gooded rice systems, whileN,O
makes up the remainder (Brodt et al., 2014).
Mitigation technologies are efforts to reduce
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greenhousegasemissionsinricefieldswhich
integrate the components of soil, water,
plants, and cultivation practices. One of the
technologies to mitigate greenhouse gas
emissionsisthe use of agricultural wastesas
nitrification and methanogenesis inhibitors.

Natural materials in the form of plant parts
and agricultural waste have the potentia to
be used as nitrification and methanogenesis
inhibitorswherethesematerid sareabundantly
avalable, inexpensve, safe, easily decomposed,
and arerenewable. Thispaper amstoinform
the technologies to reduce methane and
nitrousoxide emissionsinricefieldsthrough
utilization of natural materials.

GHGsIN RICE FIELDS

The agricultural sector is a source of GHG
production, especially methane (CH,) and
nitrous oxide (N,O), which comes from rice
fields, biomass burning, agricultura land,
enteric fermentation, livestock manure
management (Mosier et al., 2004; Jugold et
al., 2012; Zhang et al., 2020). Inthe last two
decades, concentrations of CH, and N,O in
theatmospherehaveincreased a arate of 0.9%
and 0.3% per year, respectively (Wihardjaka
etal., 2011; Pivaetal., 2019). CH, and N,O
contribute to 25 times and 298 times the
greenhouse effect by CO,, respectively, and
50% and 60% of greenhouse gases are
generated by agricultura activity (Kangetal.,
2021). These gasses are important to
atmospheric chemistry and the earth’s
radiative balance because of the long
atmosphericlifetimesof CH, and N,O (<*10
years for CH, and 120 years for N,O) and
infrared absorption properties in the
troposphere (Mosier et al., 2004). Nitrous
oxide (N,O) isapowerful greenhouse gasthat

N,O can lead to ozone depletion in the
stratosphere (Du et al., 2022). Annual
methane emissions from paddy fields have
been estimated at 36 Tg per year (1 Tg= 10"
g) which contributes around 15-20% of total
anthropogenic methane emissions (Jiang et
al., 2013; Lagomarsino et al., 2016). Rice
fields contribute about 30 and 11% of global
agricultural CH, and N,O emissions,
respectively. The GWPof thericecropis467
and 169% higher than wheat and maize
(Hussain et al., 2014).

Methane is produced from the process of
organic matter decomposition in anaerobic
soil conditions by involving methanogenic
bacteria (Mosier et al., 2004). Methanogen
bacteria that are neutrophilically active
produce methanein low oxygen soil conditions,
redox potentid lessthan-150mV, andavailable
organic substrates (Neue, 1993; Sahrawat,
2004; Kang et al., 2021). Methanogenic
bacteriautilize soil organic matter and easily
degrade plant residues as a source of the
substrateto produce methane, and during the
growth of rice plantsby utilizing root exudates,
root rot, and aguatic biomass (Dubey, 2005).
Root exudation produces various compounds
that are used as a substrate for microbial
activity, including inorganic ions, amino
acids, amides, sugars, diphaticacids, arométic
acids, volatile aromatic compounds, gasses,
ethylene, vitamins, peptides, proteins, enzymes,
plant hormones, acohol, afunctiona group
of carbonyl, urea, phytodexin (Dundek et al.,
2011).

The averaged CH, concentration has been
increasing at therate of 0.5-1% per year. The
cumulativeannual CH, emissionisestimated
at approximately 600 Tg CH, per year
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(anthropogenic and natural sources), of which
20% was contributed by rice fields (Mayan
et al., 2016). Methane from paddy soil is
released through plant media (more than
80%), diffusion, and ebullition (Jiang et al .,
2013). Theamount of methane emitted from
riceplantsdependson variety, themorphologicd
characterigticsof plantsincluding aerenchyma
tissue, the availability of organic substrates,
and the abundance of methanogenic and
methanotrophic microbes (Neue, 1993;
Dubey, 2005; Jugold et al ., 2012). Concentrations
in soil solutions are relatively high in the
reproductive growth phase of rice plants.
Methane released in the reproductive plant
growth phase is relatively higher than the
ripening and vegetative phases. Thedifference
inCH,emissonsbetweenvarietiesisdetermined
by differences in production, oxidation, and
methanetrangport capacity (Janget al., 2013).
Methane emissions in paddy fields are
controlled by acomplex set of biogeochemical
characteristics from submerged soils and
agricultural management practices. Several
factors influence the pattern and magnitude
of methanegasemissions, including soil type,
water management, soil temperature, rice
variety, organic matter, fertilization, and
cropping seasons (Nazer et al., 2018).

Indirectly, farmers haveimplemented efforts
to mitigate methane gas emissions, for
example by using superior varietiesthat have
low methane emissions, providing organic
material with alow C/N ratio, fertilizing N
intheform of tabletsor ZA, regulaingirrigation
water in rotation, gpplying without tillage, and
provideameliorant materia (Wihardjakaand
Setyanto, 2007; Naser et al., 2018).

Nitrous oxide (N, O) is produced asaninter-
medi ate result of the nitrification processand
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the by-product of the denitrification process
(Ruanpanand Mda, 2016; Ning et al., 2018).
Intheearly stagesof thenitrification process,
NH, isoxidizedto NO, by anmonia-oxidizing
bacteria and in the next stage, nitrite-
oxidizing bacteria convert NO, to NO,. The
nitrate formed is reduced to N, and N,O in
the denitrification processwheretheN,O gas
contributes to the effects of globa warming
(Ruanpan and Mal a, 2016). Nitrification and
denitrification processes can occur in wet soil
conditions where oxygenislimited and NO,
is used as the main source of microbial
denitrification. The agricultural sector
contributes to anthropogenic N,O emissions
ranging from 70-80% (Torralbo et al., 2017).
Thegloba agricultural system produces 30%
NO and 70% N, O released into the atmosphere
where the global warming potential of N,O
is 298-300 times the CO, molecule (Reyes-
Escobar et al., 2015; Kang et al., 2021). Soil
N,O flux depends on the application of N
fertilizer, edaphoclimatic effect on microbia
activity, temperature, O,, pH, soil moisture,
and the availability of organic C and total N
inthesoil (Torralbo et al., 2017; Kanget al.,
2021). Theincreasein nitrogen (N) fertilizer
application in agricultural ecosystems has
been recognized as a mgor source of N,O,
representing approximately 60% of the global
anthropogenic emission ratesin 2005 (Li et
al., 2015).

Practical cultivation that can reduce nitrous
oxide emissions, including returning plant
residues in the form of compost, applying
decomposed or containing nitrogen fertilizer
slow-release, applying fertilizer gradualy,
applying direct seed planting, and applying
urease inhibitors or nitrification inhibitors
together with N fertilization and/or organic
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fertilizer (Wihardjaka and Setyanto, 2007,
Reyes-Escobar et al., 2015). Paddy soil
fertilized with ureawith rice straw appliedto
emit nitrous oxide lower than without the
application of ricestraw (Mosier et al., 2004).

NITRIFICATION INHIBITOR

Based on President Regulation 61/2011, the
agricultural sector istargeted to reduce GHG
emissions by 8 million tons of CO,-e
independently or 11 million tons of CO,-e
through international cooperation. The
reductionin GHG emissionscan bedonewith
the action plan in President Regulation 61/
2011, including the application of plant
cultivation technology by utilizing bio-
pesticides (IAARD, 2011). Most natural
products for bio-pesticides also act as
nitrification inhibitors. Nitrificationinhibitors
are defined as compounds or materials that
specifically inhibit or retard the oxidation of
ammonium to nitrite without affecting the
subsequent oxidation of nitrite to nitrate
(Sahrawat, 2004). Besides influencing
nitrification in soil, nitrification inhibitors
also affect physical, chemical, and biological
processes affecting N transformations, other
than nitrification, such as the transport,

movement, and persistence of N in the soil
and its gaseous loss to the atmosphere
(Sahrawat, 2004).

Some countries have used nitrification
inhibitorsformulationsto reduce N lossesand
improvenitrogenfertilizer efficiency. Theuse
of nitrogen fertilizersis generadly inefficient
were more than 70% of N fertilizer inputs
can belost or emitted into the atmospherein
the form of N, and N,O or lost through
nitrates|eaching and anmoniavolatilization
(Reyes-Escobar et al., 2015). Thenitrification
inhibitor can save the use of N fertilizer by
25% (Sahrawat, 2004). Inhibitors materials
can retard the formation of nitrates and
intermediate products of N,O as presentedin
Figure 1. Nitrificationinhibitorsformulations
that have been commercially availableinclude
nitrapyrin (2-chloro-6(trichloromethyl)
pyridine), 3,4-dimethyl pyrazole phosphate
(DMPP), Dicyandiamide (DCD), and
thiosulfates. These compounds suppress
microbial activity for severa days to weeks
depending on soil moisture and soil type. The
application of DCD and potassium thiosulfate
(K,S,0,) inhibit nitrification by 72.6% and
33.1%, respectively which cause delaying

L 1]
NI
Uptake AMO

NHs+ —S—» NO:

Nitritication

Emission of NO. N20, Nz

——» NO»

Leaching & run off

Figure 1 Scheme of nitrification inhibitor role in microbial nitrogen transformation
(Source: Wang et al., 2020)
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nitrate formation during 30 and 10 days,
respectively (Ning et al., 2018). The use of
DCD and DMPP reduced N,O emissions by
25.8 and 48.7%, respectively (Benckiser et
al., 2015). The inhibition mechanism is not
yet clear. Commercia nitrificationinhibitors
are generaly expensive, so farmers are not
interested in using them. In addition,
commercia nitrificationinhibitorsarelimited
and show detrimentd effectsontheenvironment
(Ruanpan and Mala, 2016).

The use of chemical agents (compounds or
materials) that caninhibit or retard methane
production and emission appear attractive
for mitigating methane emission from rice
fields (Sahrawat, 2004). The principle of
inhibition isbased on thetoxic nature of the
compound or element against methanogenic
bacteria, such as secondary metabolites,
halogenated methane, sulfites, sulfates,
nitrates, Fe*, trichloroethyl pivalate, and
long-chain unsaturated fatty compounds
(Martin et al., 2008). Severa chemical
compounds have been tested for use as
inhibitors of methane formation, including
ethylene, CH_F, chloroform, organic
compounds containing halogens, and
pesticide compounds. Organic matter
decomposition and methane production are
inhibited in submerged soilsthat react acidly,
nutrient supply isunbalanced, kaoliniteclay
content and oxidantsare high (Neue, 1993).
Theapplication of CH_Finthericeplant roots
can oxidize the methane produced by 65%
(Chan and Perkin, 2000). Theresearch result
of Jugold et al. (2012), the use of 2-
bromoethanesulfonate (BES) and chloromethane
(CH.CI) compounds effectively reduce
methanogen microbial activity, which
influences the methane production in the
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plant rhizosphere. Martinez-Fernandez et al.
(2016) tested methanogenesis inhibitors
with bromochloromethane (BCM) and
chloroform, and BCM could reduce 80%
methane in green feed for dairy cows.
Research resultsfrom Bharati et al. showed
that nitrification inhibitors can inhibit
methane productioninaluvia soilsfollowing
the order: thiourea < ammonium thiosulfate
< aminopurine < pyridine < dicyandiamide
(DCD) < sodium azide (Sahrawat, 2004).
The mechanisms involved in mitigating
methane production and emission by
nitrification inhibitors are not fully
understood (Sahrawat, 2004).

Higher plants contain diverse secondary
metabolites with high structural diversity.
Secondary metabolitesin theform of phyto-
chemical compounds can function as
antibacteria or antifungal, including tannins,
polyphenols, sgponins, triterpencids, akaloids,
and certain compounds in plants (Mazid et
al., 2011; Ku-Vera et al., 2020; Cardoso-
Gutierrez et al., 2021). These compounds
can reduce methanogenic activity and the
ratio of acetate/propionateinthemethanogenesis
process (Patraet al., 2006). Naturd materias
are abundantly available and have the
potentia to be used as nitrification inhibitors
to conserve and improve nitrogen nutrients
in the soil. The use of plant materials as
nitrification inhibitorsiseasly degraded and
has no negative impact on the environment.
However, natura productssuch asnitrification
inhibitors have not been widely used by
farmers, and somefarmersusethemto control
plant-disturbing organisms.

Many natural products from plants are used
as nitrification inhibitors, as reported by
Upadhyay et al. (2011) which coversBrachiaria
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humidicola, Pongamia glabra, Sorghum
bicolor, Azadirachtaindica, Camelliasinensis,
Linum usitatissimum, Madhuca latifolia,
Pyrethrum spp., Artemisia annua, Mentha
spicata, Artemis afra, Echinops spp, and
Eugenia caryophyllata. The content of
polyphenolic compoundssuch aslignin, tannin,
melanin in agricultura waste is a natural
nitrification inhibitor and antimicrobial
(Maryanaet al., 2010). Somelegume plants
have the potential to be used as an inhibitor
of theproduction of nitrousoxideand methane,
as Leucaena leucocephala. Leucaena
leucocephala is one of the most promising,
which contains awide variety of secondary
compoundswith potentia methane-suppressing
properties (Ku-Vera et al., 2020). Severa
natural products can reduce the release of
methane and nitrous oxide from paddy soils,
including leaf of Ageratum conycoides, lesf
of Cosmos caudatus, turmeric rhizomes, and
coffeewaste (Table 1). The content of several
secondary metabolitesinthesemateridsplays
animportant roleininhibiting thenitrification
process and the formation of methane.

It can be seen from Table 2 that natural
ingredientsthat can reduce GWPin Inceptisol

soils are the application of Cosmos caudatus
biomass, coffee waste, turmeric rhizome,
coconut fiber, and Ageratum|eaves, respectively
11.8%; 12.5%; 23.7%; 55.3%; and 56.8%,
whilethe natural nitrification inhibitorsthat
wereableto reducethe GWPvauein vertisol
soilswereturmericrhizome, Cosmoscaudatus
biomass, and coffee waste with apercentage
of 27.8% respectively; 34.2%; and 37.7%
(Susilowati et al., 2021). The content of
secondary metabolites in natural materials
in the form of polyphenols or unsaturated
fats can act as nitrification inhibitors by
inhibiting thework of bacteriaintheformation
of CH, and maintaining nitrogenintheform
of NH," (Susilowati et al., 2021). The potentiad
for CH, production from Inceptisols soil is
higher than from Vertisol s, on the other hand,
the potentia for N,O production is higher
inVertisolsthan Inceptisols. Vertisolscontain
ahigh clay fraction which adlowsthe negative
charge on the surface to bind high NH,*
thereby inhibiting the formation of nitrate
and nitrous oxide by-products (Susilowati
et al., 2021).

The research result of Wihardjaka et al.
(2011, 2013) showed that the use of neem
seeds (Azadirachta indica) is effective in
reducing emissions of methane and nitrous
oxide higher than carbofuran insecticide

Table 1 Potentia of severa natural products as nitrification inhibitors and methanogenesisin paddy soils

. % CHg4 % N2O GWP %

Natural materials reduction reduction (mg COZ/g soil)? GWP reduction
Without nitrification inhibitor - - 20.17 -

Waste of tealeaves -0.2 -335 24.48 -18.2
Coconut fiber 58.7 -67.5 22.66 -94
Coffea waste 155 11.5 17.94 134

Leaf of Ageratum conycoides 58.4 3.2 14.79 28.6

Leaf of Cosmos caudatus 32.6 24.2 14.90 28.0
Turmeric rhizomes 34.4 61.9 10.51 49.3

Source: Annual Report of IAERI (2010)
) GWP is computed using formula GWP,

co2

= (21XCH,)+(296xN,0)
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Table 2 Potential production of CH,, N,O, and global warming potential on Inceptisols and
Vertisols applied some natural materials

) ] CHa N20 GWP
Soil type Natural materials (mg CH4/g soil) (g N20/g soil) (g CO-eg/g soil)
Inceptisols No NI 0.74 +0.264 50 +1.35 0.018 +0.006

Waste of tealeaves 0.81+0.208 2.0 £0.86 0.019 +0.005
Coconut fiber 0.33 £0.156 23+091 0.008 +0.003
Coffee wastes 0.68 = 0.290 1.8+0.84 0.016 +0.007
Ageratum leaves 0.32+0.128 1.8+0.79 0.008 = 0.003
Cosmos biomass 0.64 + 0.282 7.7+10.52 0.016 £ 0.006
Tumeric rhizome 0.52+0.101 7.2+197 0.014 + 0.002
Vertisols No NI 0.09+0.013 70.5+ 8.02 0.023 £ 0.004
Waste of tealeaves 0.02+0.011 131.2 + 54.96 0.039 £ 0.016
Coconut fiber 0.01 £ 0.004 113.6 + 58.46 0.034 £ 0.017
Coffee wastes 0.02 £ 0.004 425+ 13.77 0.014 £ 0.004
Ageratum leaves 0.02 = 0.005 87.2+37.27 0.026 £ 0.011
Cosmos biomass 0.04 £ 0.013 48.4+19.54 0.015 £ 0.006
Tumeric rhizome 0.02 + 0.012 54.2 + 31.97 0.017 = 0.009

Source: Susilowati et al. (2021)

NI = nitrification inhibitor, GWP = global warming potential, in-unit of equivalent CO, that computed from

(21XCH,)+(296xN,0)

(Table 3). According to Sahrawat (2004) and
Chen et al. (2008), neem seeds contain
secondary metabolitesas pesticide compounds
which can function asnitrification inhibitors
toinhibit the conversion of nitratesto nitrous
oxide in the denitrification process. Neem
powder applied together with nitrogen
fertilization reduced N,O emissions in
direct-seeded and transplanted rice by 56.7
and 41.4%, respectively, compared to N
fertilization alone (Table4). In addition, the
application of neem powder along with N
fertilizer also increased the grain yield of
rainfed rice by 1.2-5.4% and N uptakein the
range of 2.2-4.0% compared to N fertilizer
without neem powder (Wihardjaka, 2017).

Natural nitrificationinhibitorscan be applied
together with bio charcoa (biochar). Biochar

ischarcoal prepared by pyrolytic processing
(i.e., O,-absent heating at 300-700°C) of

residual biomass materialsand used asasoil

amendment in agricultura and environmental

(Guoet al., 2020). Biochar ismultifunctional

agent, namely improving soil fertility and soll

productivity through increasing cations
exchange capacity, water retention, aggregate
stability, and soil porosity. Biochar aso plays
arolein soil bioremediation and mitigation
of the effects of climate change (Martin et
al., 2015), as well as an ideal habitat for
microbes (Reyes-Escobar et al., 2015; Guo et
al., 2020). Thebiochar application decreases
N,O fluxesby 30.92%, aswell assignificantly
affects soil CH, emission (Zhang et al.,
2020). Biochar amendment can enhancethe
populationsof methanotrophic proteobacteria

Table 3 Use of nitrification inhibitorsin mitigating CH, and N,O emissionsin rice fields
in Central Java, Indonesia

Methane emission

Nitrification inhibitors

Nitrous oxide emission
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(kg CHa4/halseason)? (kg N2O/halseason)?
Without nitrification inhibitor 87.9 0.33
Neem seeds 71.2 0.17
Carbofuran 82.0 0.26

9 Averaged values, Source: Wihardjaka et al. (2012, 2013)
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Table 4 Use of neem powder together with N fertilizer on N,O emission, grainyield, and N uptake
inrainfed rice fields, Central Java, Indonesia

Nitrous oxide emission Dry grainyield N uptake
Fertilization (g N2O/ha/season) (t/ha) (kg N/ha)
DSR TPR DSR TPR DSR TPR
Urea 485+14 321420 6.78+0.57  3.73+0.37 97.9+11.8 82.5+7.7
Ureat+neem powder 210+12 188+36 6.86+0.18  3.93x0.38  101.9+10.8 84.3+4.0

Rice variety = Memberamo, Urearate of 120 kg N/ha, neem powder rate of 15 kg/ha, Ureat+neem powder is applied in three
splits: 1/3 before planting, 1/3 at active tillering, and 1/3 at panicle initiation, DSR = direct-seeded rice in the wet season,

TPR = transplanted rice in the dry season

Source: Wihardjaka (2017)
that oxidize methane production in soil and
can reduce the popul ations of methanogenic
archaea and methanotrophic archaea, which
minimizethe CH, emission from soil (Haider
et al., 2022).

CONCLUSION

Natural materials such as part of plantsand
agricultural wastesare abundantly available
inthe surrounding environment, inexpensive,
and safe that can play an important role in
mitigating the climate changeimpactsthrough
the reduction of greenhouse gas emissions
inricefields. Natural materials from plants
and agricultura wastes contain phytochemica
compounds/secondary metabolites that
function asanti-microbid, including inhibitors
of microbiological processesin agricultura
soils that inhibit nitrification and methano-
genesis. Somenatura ingredientsarereported
to beableto suppress methaneformation more
than 30%, namely coconut fiber, turmeric
rhizomes, leaf of Ageratum conycoides, and
a leaf of Cosmos caudatus; and some of
these substances al so reduce the production
of nitrous oxide more than 20%, namely,
Cosmos caudatus and Ager atum conycoides.
The use of natural ingredients such asneem
can reduce GHG emissions, increase grain
yields, and N uptake of rice plants.
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