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◼ Nitrogen is macro nutrient (essential and required in
high amount)

◼ Nitrogen in soil as limiting factor for high crop 
productivity.

◼ Productivity of many ecosystems (managed & 

unmanaged) is limited by nitrogen availability: 

◼ So, N prequently added as fertilizer

◼ Consequences : Eutropication, GHG, etc.

◼ How to manage N?

5.1 INTRODUCTION



5.2 NITROGEN CYCLE
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5.2 NITROGEN CYCLE



Figure 27.4

The Nitrogen Cycle
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5.3. FUNCTIONS & FORMS OF N    

IN PLANTS



FORMS OF N IN PLANT
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FORMS OF N IN PLANT







5.4.1 Symbiotic N fixation
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5.4.4 Organic matter

5.4.5. Fertilizer N

5.4. SOIL N RESOURCES



Beneficial root-microbe interactions

◼ Atmosphere contains 1015 tons N2 gas

Biological nitrogen fixation

Minimum of 70 million tons N fixed/year

Sources of Fixed Nitrogen

65%
10%

25%

Biological  Lightning  Fertilizer



5.4.1Symbiotic N fixation

◼ Symbiotic Relationships

Both host and parasite benefit

Ex. Rhizobia (Symbiont) and Legumes (Host)

Rhizobia: sugars, proteins, and oxygen

Plant: usable nitrogen



N-fixation

◼ Legumes

 Preserve the nitrogen balance in 

the soil 

 Two Types

◼ Legumes 

◼ Non-Legume

 Release flavonoids

http://www.answers.com/main/Record2?a=NR&url=http://commons.wikimedia.org/wiki/Image:Doperwt rijserwt peulen Pisum sativum.jpg


Importance of 

legume-rhizobia 

symbiosis



Symbiotic N-fixation





Beneficial root-microbe interactions

◼ Biological 

nitrogen fixation

N2 + 3H2       2NH3



Root Nodule Initiation

◼ Two types of Nodule
 Effective

 Ineffective

◼ Two groups of Genes Necessary
 Common Nodulation Genes (nodABCD)

◼ nodD only gene expressed in absence of a suitable host

 Host Specific Nodulation Genes

◼ Legumes release flavonoids 

◼ Triggers production of Nod Factors 
(Lipochitooligosaccharide) by bacteria

◼ Flavenoids interact with nodD product

◼ Expression of nodABC genes



Plant-rhizobia genetic interactions

Poly-N-acetyl-glucosamine



Root Nodule Development

◼ Nod factor sensed by root

◼ Cell division occurs

◼ Rhizobia attach within minutes

◼ Root hair curling begins 

◼ Rhizobia travel along an infection thread

◼ As infection thread penetrates the root 

cortex, Rhizobia are released



Nodule initiation and 

development

http://www.botany.hawaii.edu/faculty/webb/BOT410/Roots/LegHaemoNodOpen400.jpg
http://www.botany.hawaii.edu/faculty/webb/BOT410/Roots/LegHaemoNodOpenCloseCropLab.jpg


Figure 27.5

◼ In root nodules

Rhizobium

Bradyrhizobium

Frankia

Nitrogen Fixation



Figure 27.5

The Formation of a Root Nodule



Figure 12.9a

Nitrogen Fixation

◼ In lichens

Cyanobacteria



Root Nodule

Function

◼ Nodule forms 1 to 2 weeks after infection

◼ Two types of Nodules

Determinate

 Indeterminate

◼ Rhizobia enlarge approx. 5 times

◼ Change physiologically to form bacteroids



Root Nodule

Fixation

◼ Nodulins produced during maturation 
include:Leghemoglobin (protects 
nitrogenase enzyme) and also nitrogenase 
and gluatmine synthetase

◼ Fixation usually occurs after about 15 days

◼ Indeterminate
◼ Fixation: ammonia Exported: asparagine

◼ Determinate
◼ Fixation: ammonia Exported: purine



Enhancing the Symbiosis

◼ Natural symbiosis is reasonably effective
 Free-living nitrogen fixation gives 25kg/hectare/year

 Symbiotic nitrogen fixation gives 100kg/hectare/crop

◼ Current enhancements

Application of rhizobial inoculants
◼ Peat-based carrier with 109 rhizobia/gram of peat

 Application directly to seeds, then planting

◼ Application to seed furrow

◼ Crop rotation/breeding



FACTORS AFFECTING N FIXATION

◼ Soil pH

◼ Mineral nutrient status

◼ Photosynthesis and Climate

◼ Legume Management







5.4.2 Non-Symbiotic N fixation

◼ Biological fixation: but non symbiotic, mainly:

Free living bacteria and blue green algae

◼ Blue green algae: autotropic, requiring only light, water, 
N2, CO2, and the essential element.

◼ Certain N fixing bacteria can grow on root surface, and 
to some extent within root tissue

◼ Azospirillum brasilense, Acetobacter (sugarcane), 
Azotobacter (tropical grasses), Clostridium

5.4. SOIL N RESOURCES



5.4.3 Abiotic N fixation

◼ Industrial fixation: fertilizer N , High N content, cheap, 
easy to use and tranport

◼ Lightning fixation: 

oxidation of N to NO3, back to earth by rain

about: 10-20%

5.4. SOIL N RESOURCES



5.4.4 Organic matter

◼ Organic N: protein (amino acids), nucleic acid, enzime, 
chlorophyl, etc.

◼ Form: as amine compound

◼ Before available to plant, organic N should decompose 
by soil organism especially microorganism.

5.4. SOIL N RESOURCES







5.4.4 Organic matter

◼ Protein             Amino acid,  by aminization

◼ Amino acid            Ammonium, by ammonification

◼ Ammonium             Nitrite, by nitritation

◼ Nitrite              Nitrate, by nitratation

5.4. SOIL N RESOURCES



5.4.5 N fertilizer

◼ N fertilizer: Mineral form of N giving to soil for adding N

◼ High N content, cheap, easy to use and transport, easy 
to desolve. 

◼ The resources of N fertilizers is amonia (N content: 82%)

◼ Amonia resulted by Haber-Bosch procces, through N 
and H reaction.

5.4. SOIL N RESOURCES



5.3.4 N fertilizer

◼ N fertilizer can be made from amonia:

◼ NH3 + H2SO4 (NH4)2SO4   

◼ NH3 + O2 HNO3 + H2O

◼ HNO3 + NH3 NH4NO3

◼ NH3 + CO2 (NH4)2CO3 + H2O        

◼ NH3 + H3PO4 NH4H2PO4

◼ 2NH3 +H3PO4 (NH4)2HPO4

5.4. SOIL N RESOURCES















Efisiensi Pemupukan N





SOIL N LOSS

1. Run off and erosion

2. Leaching

3. Volatilization

4. Denitrification



SOIL N LOSS
1. Run off and erosion



SOIL N LOSS

2. Leaching



SOIL N LOSS

3. Volatilization



SOIL N LOSS

4. Denitrification













VOLATILISASI







5.5.1 Factors affecting Soil N content

◼ Effect of climate and vegetation

◼ Effect of Topogrphy

◼ Effect of mineral constituent

◼ Profil distribution

5.5. SOIL N CONTENT



◼ Effect of climate

◼ Effect of temperatur and water supply to plant 

microbial activity

◼ Higher temperatur, lower soil N content.

◼ Higher water supply, higher soil N content



◼ Effect of vegetation

◼ Soil N content in grassland higher than forest



◼ Effect of Topography

◼ There is relationship between topography and 

water supply.

◼ Steeper the slope, soil drier



◼ Effect of Mineral component

◼ There is relationship between soil texture and 

soil N content

Texture Soil N content (%)

Sand 0,027

Fine sand 0,042

Sandy loam 0,100

Loam 0,188

Silt loam 0,230



◼ Profil Distribution

◼ Soil N content in upper layer higher than lower 

layer











5.6.1 N forms in soil

◼ NH4+

◼ NO3-

◼ NO2-

◼ N2O

◼ NO

◼ N

5.6. SOIL N AVAILABILITY



5.6.2 Factors affecting Soil N availability

◼ Soil pH

◼ Organic matter decomposition & mineralisation

a. OM quality

b. Decomposer

c. Environment

❑ Nitrification

❑ Mineralisation & immobilization

5.6. SOIL N AVAILABILITY



Soil pH



OM DECOMPOSITION & MINERALISATION

◼ Organic matter decomposition & 
mineralisation determine by:

a. OM quality

b. Decomposer

c. Environment



NITRIFICATION

1. Aminisasi

2. Amonifikasi

3. Nitritasi

4. Nitratasi



NITRIFICATION





NITRIFICATION







MINERALISATION & IMMOBILIZATION



MINERALISATION & IMMOBILIZATION







5.5.1 Effect of N on growth and production

◼ N required for formation of protein (amino acids), nucleic 
acid, enzyme, chlorophyl, ADP, ATP, etc.

◼ N is a vital nutrient for vegetatif growth

5.5. AGRONOMIC ROLE OF N



5.5.2 N deficiency simptoms

◼ N deficiency : tumbuh lambat, kurus, pucat

◼ Kekurangan N membatasi produksi protein dan bahan 
kering lain yang diperlukan untuk pembentukan sel baru.

5.5. AGRONOMIC ROLE OF N



N Deficiency Symptom

◼ Lack of growth or stunted growth. General 

yellowing of foliage, older leaves first. Loss 

of leaves under severe deficiency. 

Purplish colouration due to accumulation 

of anthocyanin pigments



5.5.2 N deficiency simptoms

5.5. AGRONOMIC ROLE OF N

Corn Tomato Cucumber

http://nutrico.org/newsletter/?attachment_id=15


TYPICAL NUTRIENT DEFICIENCY SYPTOMS SEEN ON PLANT FOLIAGE

Chart above obtained and used with permission from Micnelf USA Inc.

http://nutrico.org/newsletter/wp-content/uploads/2007/09/nutrient_def_sympt.gif


5.5.2 Excess of N

◼ Kelebihan N : warna lebih gelap, sukulen, pertumbuhan 
vegetatif hebat, tanaman mudah roboh, mudah rusak 
karena frost dan pembekuan.

5.5. AGRONOMIC ROLE OF N



6. NITROGEN MANAGEMENT

6.1 Decreasing N Losses

6.2 Increasing N uptake

6.3 Organic matter management

6.4. Management of N fertilization



6. NITROGEN MANAGEMENT

6.1 Decreasing N Losses



1. Run off and erosion



6. NITROGEN MANAGEMENT

6.2 Increasing N uptake



6.3. Organic matter management

❑ > 90% N in soil is organic N, so maintaning SOM very 

important

❑ Preventing SOM losses

❑ Adding/giving OM 



6. NITROGEN MANAGEMENT

6.4. Management of N fertilization


