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ÅWithout fertilizers, the soil 
would be depleted and 
therefore plants would be 
particularly difficult to grow. 

Why nitrogen fertilizer 
should be managed, 

Fig.: Fertilizer adds nutritional value: 
To the right, tomato plant with 
nitrogen deficiency, to the left, 
tomato plant with optimum 
nutritional balance.



Macronutrients N, P, K Deficiencies
Leaf Lettuce

Control



Fig.: Maize deficiency symptoms of 

the four main limiting macronutrients in 

the tropics. Nitrogen (N) phosphorus 

(P) potassium (K) sulfur (S) deficiency.
(Sanchez, P. A. (2019). Properties and Management of Soils 
in the Tropics. Cambridge University Press)



Fig.: World population and fertilizer consumption, with projections to 2050 
(Alexandratos, N. and J. Bruinsma. 2012. World agriculture towards 2030/2050: the 2012 revision. ESA 
Working paper No. 12-03. Rome, FAO.)



Fig. Greenhouse gases production from agriculture system.
(Research Project for Mitigation of Greenhouse Gas Emissions, National Institute for Agro-

Environmental Sciences Japan).



Figure.  Main sources of Nitrous Oxide (N2O) Gas Production

/Archeae



Nitrogen Buffering Mechanisms 

1. Increased Applied N results in increased = plant N loss (NH3)

2. Higher rates of applied N - increased = volatilization losses

3. Higher rates of applied N - increased = denitrification

4. Higher rates of applied N - increased organic C, = increased    

organic N

5. Increased applied N - increased = grain protein

6. Increased applied N - increased = forage N

7. Increased applied N - increased = straw N 



IPCC, 2019: Summary for Policymakers. In: Climate Change and Land: an IPCC special report on climate change, desertification,land degradation, sustainable 

land management, food security, and greenhouse gas fluxes in terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V. Masson-Delmotte, H.- O. Pörtner, 

D. C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E. Huntley, K. 

Kissick, M. Belkacemi, J. Malley, (eds.)].

Trends of greenhouse gases emission andglobal warming 

An estimated 23% of total anthropogenic
greenhouse gas emissions (2007-2016) derive 
from Agriculture, Forestry and Other Land Use 
(AFOLU).

Observed temperature change relative to 1850-1900





Whilst the Glasgow Climate Pact agreed at the UN Climate Change Conference of the Parties (COP26) firms up the global 
commitment to accelerate action on climate this decade, it left many wondering if this deal is enough to limit global warming 
to 1.5°C over pre-industrial levels.



The possible option of mitigation 

strategies for N2O and CH4

ÂFertilizer managements

- Slow Release, Nitrification Inhibitor (Neem or 

DCD, Switching Fertilizer (synthetic to organic)  

ÂDrainage Managements

- Intermitted Drainage

- Midseason Drainage

ÂCrop management (short duration varieties, aerial 

Parenchyma) 
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Nitrification

(Firestone and Davidson et al. 2000) 

ñLeaky pipeò analogy for N2O production

X
Nitrification 

Inhibitor
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Conversion of Nitrogen Containing Materials to a 

Plant Useable Form

Mitigation Options: Nitrification Inhibitor



Matsuba et al, 200217



Fig. Hypothesis inhibition two enzymes, ammonia monooxygenase

(AMO) and hydroxylamine oxidoreductase (HAO) are involved in   

the oxidation of ammonia to nitrite. 

Temporary 

inhibit Action
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Several chemical/synthetics nitrification inhibitors (NIs);
1. AM (2-amino 4-chloro 6-methyl pyrimidine)

2. ST (2-sulfanilamide thiazone), DCS (N-2,5-dichlorophenyl 

succsinamic acid)

3. ASU (1-amino 2-thiourea), 

4. DCD (dicyandiamide), 

5. Nitrapiryn

6. CCC (wax-coated calcium carbide)

7. DMPP (3,4-dimethylpyrazol-phosphate). 

(Mosier. 1996; Zerulla et al. 2001; Weiske et al. 2001; Liu et al. 2013). 

The synthetics NIs are mostly expensive and limited available in 

market particularly in Indonesia. 

In addition, several studies showed that NI like dicyandiamide 

(DCD) has dissatisfactory impact to environment due to the 

coumpund of DCD belong to the group of organic chlorine.

(Zerulla et al. 2001).
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The Alternative:
Several plant materials/extracts can also inhibit the nitriýcationwith the 

potency to compete with the synthetic NI (Subbarao et al., 2012).

Some of these plant products are easily available, less expensive and 

easily degradable in soil than the synthetic NI. 

Organic nitriýcation inhibition;

1. Karanja (Pongamia glabra)(Singh, 1966), and 

2. Neem (Azadiracta indica) and Nimin (plant extract of A. indica) possess 

wide spectrum antimicrobial action and the properties to be a potent NI) 
(Sharma and Prasad 1995); (Biswas et al. 2002); (Kumar et al. 2007); (Abbasi et al. 2011): (Jumadi et 

al. 2019:2020).



Comparative price of NIs

Synthetics Vs Organic
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Neem Cake (Waste 

product )

Neem Oil (pure 

extract)

0.19 4.4 
500 g = 23   (Wako ltd.)



https://www.youtube.com/watch?v=b_RJUdi4tD8

https://www.youtube.com/watch?v=b_RJUdi4tD8
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Figure 2 The tertiary structure of enzymes (a) Methane Monooxygenase, (b) Hydroxylamine 

Oxidoreductase, (c) Nitric Oxide Reductase and (d) Nitrite Reductase. The structures of alpha-helix and 

beta-sheet are presented by red and green colors in cartoon models, respectively. 
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No. Compound Binding energy (Kcal/mol) 

1 Nimbin -7.5 

2 Nimbidin -8.4 

3 Nimbic Acid -7.8 

4 Nimbidinin -8.3 

5 Nimbinin -7.8 

6 Azadirachitin -7.4 

7 Diepoxy Azadiradione -8.7 

8 Dyhidrogedunin -8.1 

9 Gallic -6.3 

10 Gedunin -8.2 

 

Table 6. The binding energy of ligands in complex with Nitric Oxide 

Reductase enzyme obtained by molecular docking.



While zeolite act as slow release -

releases nutrients gradually into the soil (nitrogen or 

phosphor) 

(Adapted polymer Analogy)



Figure: Release of N from polymer-coated urea. (Adapted 

from Blaylock, 2010).
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Nutrient uptake 

efficiency

LOW Production of
N2O gas/GHGs

Mitigation Options: Nitrification Inhibitor and 

Slow-Release Fertilizer
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2.    West Java (PuncakBogor)

2

1.   South Kalimantan(Banjarbaru)

4

3. South Sulawesi     ( Malino, 

Maros& Makassar area).

Sites and soil samples :

2.Potato field soil

3.Tea garden soil

1.Pine forest soil

5. Agroforest soil

6. Corn field soil

7. Paddy field soil
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Field preparations 



Rice field experiments
Nitrogen Fertilizer  application (130 kg -N ha -1) split time 

(60 and 70 kg -N ha -1)

ωUrea Granule

ωUrea Granule Zeolit

ωUrea Granule Zeolitand Neem

ωUrea Granule Zeolitand Dicyandinamide
Water Managements

1. Continuous flooded

2. Non continuous flooded









Results and discussions
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Continuous flooded Non Continuous flooded

Figure.  A. Change of water table height, N2O and CH4 fluxes in continuous flooded rice field; B. Change of water table height, N2O and CH4 fluxes in non continuous 
flooded rice field, during rice cropping seasons March 13rd, 2015 to August 5th, 2015).  Vertical bars indicate +standard deviations.

DaysAfter Transplanting DaysAfter Transplanting

1st fertilizer 

2nd fertilizer 

1st fertilizer 

2nd fertilizer 



Treatment
Continuous

Flooded
Non Flooded Reduction %

Control 2.9a 2.0a 0.9 31.0

Urea Granule 7.2a 5.9a 1.3 18.0

Urea Granule Zeolit 3.4a 3.3a 0.1 2.9

Urea Zeolite Neem 7.0a 3.0a 4.0 57.0

Urea Zeolite Dyciandiamide 4.7a 3.2a 1.5 31.9

Table. Total and reduction of N 2O emission (kg h - 1 season - 1 )

Description: Meansfollowedby thesameletterarenot significantly different at 5% TukeyHSD.



Table. Total and reduction of CH 4 emission (kg h - 1 season - 1 )

Treatment
Total

Emission
ContinuousFlooded

Total
Emission

Non Flooded
Reduction %

Control 141.7a 74.1a 67.6 47.7

Urea Granule 137.7a 102.8a 34.9 25.3

Urea Granule Zeolit 229.6a 92.3a 137.3 59.7

Urea Zeolite Neem 245.2a 60.4a 184.8 75.3

Urea Zeolite Dicyandiamide 147.7a 101.1a 46.6 31.0

Description: Meansfollowedby thesameletterarenot significantly different at 5% TukeyHSD.



Treatments
Weight kg/8m -2

ContinuousFlooded Non Flooded

C 4.30 a 3.72 a

UG 5.99 b 5.06 b

UZN 5.90 b 4.85 b

UZD 6.03 b 4.70 b

UZ 6.11 b 5.36 b

Table . The average of rice grain yield

Description: Meansfollowedby thesameletterarenot significantly different at 5% TukeyHSD.
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2 m

7
 m

Fig. Gas sampling activities and arrangement of experimental plots and position of the 

chamber in each plot. K= Control, U= Urea, UZ= Urea Zeolite, UD+Urea+DCD, UZN = 

Urea+Zeolite+Neem, UZD = Urea+Zeolite+DCD, UN=Urea+Neem

U


