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Nutrient requirement of plants

 All plants require certain elements and minerals to carry 
out functions in the plant.

 An essential element is defined as “a chemical element 
required for the normal growth of the plant”.

 A lack of these essential minerals results in a deficiency 
disease or stunted plant growth.



Plant Nutrients
 There are 17 essential elements, but Carbon, 

Hydrogen and Oxygen making up most of plant 
tissue (95%)

 However, these 3 elements are taken from the air 
and are rarely responsible for limiting crop growth.

 The other 14 are taken up from the soil and are 
more likely to restrict growth if lacking.

 Six of these elements are required in large 
amounts and they are called macro elements.

 The other eight are called micro elements and 
are only required in small amounts.



Macro Elements (Soil) Macro Elements (Air) Micro Elements (Soil)

Nitrogen Carbon Iron

Phosphorous Hydrogen Manganese

Potassium Oxygen Boron

Calcium Molybdenum

Magnesium Copper

Sulphur Zinc

Chlorine

Cobalt

Essential plant nutrients



Nutrient Soil Concentration 
mg/kg

Plant Concentration
mg/kg

N >15,000
K >10,000
Ca > 5,000
Mg > 2,000
P > 1,500
S > 1,000

Mn 20 - 3000 31-100
Fe 10,000 – 100,000 25 - 500
Cu 10-80 7 - 30
Zn 10-300 21 - 70

Adequate levels for plant growth

From a soil concentration point of view only Cu and Zn would be 
considered micronutrients.
However, low solubility & availability and small requirements of most 
plants place all four nutrients in the micronutrient category.

The total concentration 
of macro nutrients is 
typically >>> plant 

demand

Bioavailable nutrient 
supply is typically much 

less
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Plant Part Prevailing symptom Deficiency Toxicity

Old & Mature 
leaves

Chlorosis uniform N (S)

Chlorosis interveinal or blotched Mg (Mn)

Necrosis of tip & marginal scorch K B, salt

Necrosis interveinal Mg (Mn)

Necrosis spots Mn (B)

Young leaf 
blades & apex

Chlorosis Uniform Fe (S)

Chlorosis interveinal or blotched Zn (Mn)

Necrosis Ca, B, Cu

Deformations Mo (Zn,B)
Source: Mineral nutrition of higher Plants, pp. 391-407. Academic  Press Inc., San Diego, Ca

Nutrient in parentheses indicates that symptoms are variable

A VERY general key to visual nutrient disorders



The Major Elements in Soil

 The major elements occur in the soil in two major 
forms: 
• Complex, insoluble forms and 

• Simple, soluble forms.

 The conversion of each element from its complex 
form into the simple form is very important.

 The complex and simple forms of each elements 
are on the next slide:



Major Element Complex Form Simpler Forms

Nitrogen (N) Organic: (Proteins, amino acids 
etc)

Ammonium Salts (NH4
+)

Nitrite Forms (NO2
-)

Nitrate Forms (NO3
-)

Phosphorous (P)
Inorganic: Rock minerals, and 

phosphates
Organic: Nucleic Acids

Phosphates of Calcium, 
magnesium and potassium 

(HPO4
2- or H2PO4

-)

Potassium (K) Inorganic: Rock minerals e.g. 
feldspar, micas, silicates

Potassium ions on soil colloids 
(K+)

Calcium (Ca) Inorganic: Rock minerals e.g. 
feldspar, calcites etc

Calcium ions on soil colloids 
(Ca2+)

Magnesium (Mg) Inorganic: Rock Minerals as 
above and clays Magnesium ions (Mg2+)

Sulphur (S)
Inorganic: Rock minerals

Organic: Proteins and amino 
acids

Sulphites and sulphates of 
calcium and magnesium 

(SO3
2- and SO4

-)



The Micro Elements
Micronutrients are essential plant nutrients that are 
found in trace amounts in tissue, but play an imperative 
role in plant growth and development.

They constitute in total less than 1% of the dry weight 
of most plants



Micro Elements Probable form absorbed

Cations

Iron Fe2+ , Fe3+

Manganese Mn2+

Copper Cu2+

Zinc ZN2+ (ZnOH+ at high pH)

Anions

Molybdenum MoO4
2-

Chloride Cl-

Boron H3BO3

Cobalt is an essential micronutrient for nodulated legumes but 
required in extremely small amounts. 
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Soil nutrient interactions
Synergistic interaction: One nutrient increases the 
availability of another nutrient in the soil, it promotes 
its uptake into the plant, or it enhances its 
function in plant metabolism.

Examples
• Sulphur and Nitrogen: Sulphur promotes the function of 

Nitrogen in protein synthesis.
• Manganese and Nitrogen: Manganese promotes the 

efficiency of Nitrogen in protein synthesis.
• Calcium and Boron are both constituents of cell walls and in 

ethylene production regulating fruit size
• Phosphorus and Boron are promote root growth and 

flowering
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Soil nutrient interactions
Antagonistic interaction: One nutrient decreases 
the availability of another nutrient in the soil, 
it inhibits its uptake into the plant, or it impedes 
its function in plant metabolism.

Examples
• Potassium/Calcium antagonise Magnesium availability and 

can lead to Mg deficiency in plants.
• Phosphorus and Zinc (and other microelements) – mildly 

soluble zinc phosphates form reducing  Zn availability. 
• Calcium and Phosphorus – at high pH (>7.0) calcium 

phosphates precipitate in the soil making the P less 
bioavailable.
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Soil nutrient interactions



Nitrogen
“Nitrogen is the engine of agriculture, the key to plenty 
in our crowded, hungry world” (National Geographic, 2013)

 Nitrogen is an important component of plant 
proteins, chlorophyll and nucleic acids.

 Therefore it is vital for growth, photosynthesis 
and cell reproduction.

 It is the most important and widely used fertiliser 
element.

 A deficiency in N causes sharp reductions in crop 
yields.



Nitrous 
Oxide 
N2O 

Immobilisation

Mineralisation

Nitrifying 
bacteria in soil

Ammonium Ammonium

N Leaching Loss

Ammonia 
Volatilisation



How?
 N is central to the 

chlorophyll 
molecule.

 Chlorophyll absorbs 
solar energy to fuel 
the electron 
transport chain.



Solar radiation and chlorophyll

Plants use a specific 
fraction of solar 
radiation:
Photosynthetically active 
light (PAR)

Leaves are green 
because:
Chlorophyll pigments 
absorb red and blue light 
most strongly.
Green light is reflected.



N Deficiency Symptoms

Wheat Maize Grass
Historically, crops tend to be N limited – chlorophyll limited



Haber-Bosch Process 
– N fertilizer production

Conversion of atmospheric N2 to reactive N forms
Fritz Haber

Presenter Notes
Presentation Notes
All mineral N fertiliser begins with a H2 source (primarily natural gas methane) and atmospheric N2



“The expansion of the world's population from 1.6 billion people in 1900 to 6 
billion in 2000 would not have been possible without the synthesis of ammonia” 
Vaclav Smil (Canadian scientist and policy analyst).



Almost half of the nitrogen found in our bodies’ muscle 
and organ tissues started out in a fertilizer factory

Nitrogen is 4th most abundant element in humans



Capacity of soil to meet human N requirement?
Example (from Tanner, C.C. Diet, nitrogen, and standard of living. Outlook on Agriculture)

Human requirement: 25 kg protein/person/year = 4 kg of N/person/year 
(maintenance)

- 50% derived from animal & 50% derived from plant protein.

- Efficiency of soil N conversion to protein N

Animal = 15% Plants = 50%

- Soil would need to supply (2 kg N /15%) + (2 kg N /50%) = 17 kg N total in order to meet 
protein requirement for one person.

- Soils continuously cropped without N fertiliser applications can supply about 17 kg N /ha 
per person.

- Therefore, 1 ha of land in temperate climates can supply protein N requirement off one 
person. 

- If population density is greater than one person per ha, fertilizer N must be applied or 
food must be imported.

- Irelands current population density ~0.4/ utilizable agricultural acre

Importance of N for food supply
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Capacity of our land to feed us



Phosphorus 

 Phosphorus is involved in plant growth and in 
cell division.

 It is the second most critical plant nutrient.
 A lack of P results in stunted growth and a 

bluish colour on the leaves.
 Phosphorus in soil exists in a range of complex 

and simply forms.
 Phosphorus ions are released by chemical and 

biological degradation processes.



 Soil pH has a big effect on P availability. 
 At pH of 5.5 or less, the P reacts with Iron, 

Manganese and Aluminium compounds and are 
made almost unavailable to plants.

 Above pH 7.5, a similar problem occurs with 
Calcium, making P unavailable.

 This is called phosphorus fixation or
immobilisation.

 Therefore, to improve P availability, the soil 
should always be kept between a pH of 6 and 7.

Phosphorus 



Potassium
 Potassium performs a number of functions in 

plants, including disease resistance and 
carbohydrate translocation.

 A lack of K results in withering of the 
vegetation and a loss of yield.

 The availability of K+ is affected by clay mineral 
composition.

 Some clays can trap K+ ions into the inside of the 
clay colloid, making the ions unavailable for the 
plant.

 Again, this is known as potassium fixation or 
immobilisation.



Calcium, Magnesium & Sulphur

 These minerals, although major elements, are not 
typically applied in large quantities as fertilisers for 
two reasons:

• The are relatively abundant in soils

• They are not subject to immobilisation like N, P and K.

 Liming materials and inorganic fertilisers contain 
these elements as part of their active properties



Micro (Trace) Elements
 Trace elements like Fe, Mn, B, Cl etc are involved 

in enzyme systems of the plant and are therefore 
important for normal plant function.

 This occurs for two reasons:
• Lack of the element in the parent rock
• Over liming or high pH

 These deficiencies can be rectified by soil 
applications or foliar applications of these 
elements to the crop.



Questions about soils?
• Why is it more difficult to restore and maintain soil productivity/fertility on some 

soil types compared to others?

• In the aftermath of mismatched sewage applications, why would milk, 
vegetables, and grains produced on some soils contain dangerous levels of 
heavy metal contaminants, while the same foods produced on other soils would 
be safe to eat?

• How does the practice of organic manure ,fertilizer and pesticide applications 
lead to clean water for the recharge of ground water aquifers?

Soils can 
attenuate, store 
and supply plant 
nutrients and other 
cations through 
their cation 
exchange capacity 
(CEC)



SOIL SPECIFIC MANAGEMENT?

http://gis.teagasc.ie/isis/



Soil Colloids
 Soil composed of: Sand, Silt, Clay, Organic 

Matter, Water & Air

 Soil Colloids?
Definition: Soil colloidal systems (two phase systems) in 
which very small particles of clay and humus are dispersed 
in a medium of a soil solution (soil water).

These suspended small clay & organic soil particles are 
generally considered to be colloidal in size.

This soil fraction confers most of the soils chemical activity. 



Soil Colloidal Properties
 Colloidal particle Size: 

• The clay and humus particles are smaller than about 0.002mm (2 μm) in 
diameter, 
(soil scientists consider 0.002mm as the upper boundary of the colloidal fraction)

• Too small to be seen with an ordinary light microscope 
(need an electron microscope to see them)

 Colloidal particle Surface area:
• The smaller the size of the particles in a given mass of soil the greater 

the surface area exposed for chemical & physical processes and 
reactions.

• All soil colloids expose a large external surface area per unit mass, 
> 1000 times the surface area of the same mass of sand particles.

• Perspective: surface area exposed within 1ha of 1.5-m-deep fine textured soil (45% clay) 
might be as great as 87,000,000 km2 (entire land area of the USA)



Soil Colloidal Properties
 Colloidal particle Surface Charge:

• The internal and external surfaces of soils carry positive and/or 
negative electrostatic charges.

• For most colloids electronegative charges predominate,                  
(some colloids in very acid soils have a net electronegative charge)

• The amount and origin of surface charge differs greatly among the 
different types of soil colloids                                                  

(in some cases may be influenced by changes in chemical  conditions, such as soil pH)

• The charges on the colloid surfaces attract or repulse substances in 
the soil solution as well as neighbouring colloid particles.



Types of Soil Colloids
• Crystalline Silicate clays (Phylosilicates)

» Dominant in most soils
» Crystalline structure
 layered sheets closely packed and tightly bonded oxygen, silicon and 

aluminium atoms

» High amounts of both positive and negative charge

Tetrahedral sheet

Octahedral sheet

Tetrahedral sheet

Tetrahedral sheet

Octahedral sheet

Tetrahedral sheet

Adsorbed Cations and Water

+ + + + + + + + +  + + + + + 

+ + + + + + + + +  + + + + +

Mg2+ Mg23 Mg2+

O2- O2- O2-

O2-O2-O2-

Al3+

Isomorphous 
Substution:                  
One cation filling a 
position usually 
occupied by 
another of similar 
size causing a 
chenge in the 
surface charge

Zone of attraction

Zone of attraction
Colloidal 
crystallline 
structure



• Organic (humus) colloids

» Present in nearly all soils especially in the 
upper parts of the soil profile.

» They are not mineral or crystalline in nature

» Consist of long convoluted chains and rings 
of Carbon bonded to Hydrogen, Oxygen and 
Nitrogen

» Very high capacity to adsorb water

» Have high amounts of both positive and 
negative charges, but net charge is always 
negative

Types of Soil Colloids



Types of Soil Colloids
• Non crystalline silicate clays

» Volcanic soils
» Non ordered structure
» High water holding capacity and phosphorus fixation

• Iron and aluminium oxide clays (Sesquioxides)
» Found in many soils.
» Dominate in warm, humid regions, 
» Non crystalline minerals
» Others form amorphous coatings on soil particles
» Charge ranges from slightly to moderately positive.

Goethite (Fe-oxide)Gibbsite (Al-oxide)



Definition: Cation exchange capacity (CEC) is a measure of 
the ability of clay and humus to react with ions dissolved in the 
soil water.

 A cation is a positively charged particle  Na1+, K1+, Ca2+, Mg2+, Al3+. Fe2+

 An anion is a negatively charged particle   Cl1-, O2-, S2-, 

 CEC represents the total quantity of negatively charges available to attract 
cations 

 Expressed as Centimoles of negative charge per kilogram (cmolc/kg)
or milliequivalents of negative charge / 100g of dry soil (meq/100g soil)

CEC Units: 1 meq/i100g = 1 cmolc/kg (Centimoles of charge per kilogram)

 CEC ranges:
 V. Low :   3-5 meq/100g for sandy soils      
 Medium:  20 – 50 meq/100g for clay loams 
 High:       >50 meq/100g organic matter

Cation Exchange Capacity



CEC and Soil fertility
 Soil CEC affects the ability of a soil to retain plant nutrients

 Soils with low CEC may have low retention of Na+, K+, Ca++ and Mg++

i.e. the level soil base saturation is important for crop growth and retaining appropriate soil pH

 Base saturation is the % of the total soil CEC occupied by non acid cations

% Base saturation = cmolc of exchangeable Na++ K+ + Ca2+ +Mg2+

cmolc of CEC

 CEC affects buffering capacity and supply rate of plant nutrients in the soil
High CEC soil           higher buffering potential
Low CEC soil lower buffering potential

 Complimentary cations influence plant uptake
- Strength of adsorption/attraction depends on the valance of the ion

Al 3+ > Ca 2+ > Mg 2+ > K+ = NH 4+ > Na+



Effects of CEC on Soil Fertility

https://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiUyuio8pvlAhV-QEEAHad7BNAQjRx6BAgBEAQ&url=https://www.superior.net.nz/pages/8-3/Understanding-the-Science&psig=AOvVaw3-GGxRqall8BRb7z31YCd4&ust=1571146839622770
https://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjk4_eM85vlAhURXMAKHShbARcQjRx6BAgBEAQ&url=https://www.lsuagcenter.com/profiles/aiverson/articles/page1563205546102&psig=AOvVaw3-GGxRqall8BRb7z31YCd4&ust=1571146839622770


Soil pH affects CEC

Net surface 
charge +1

Net surface 
charge -1

Net surface 
charge - 3



Effects of CEC on nutrient supply



Cation Exchange Reactions

Silicate
Clay 

Crystal

- - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - -

Ca2+

Ca2+

Al3+

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

Al3+

Al3+Al3+

Al3+

Al3+

Al3+

Al3+

Al3+
Al3+

Al3+

Al3+

Al3+

K+

K+

Cl-

K+

K+

K+

K+

K+

K+

K+

K+

K+

H+

H+

H+

H+

H+

H+

H+ H+ H+

Mg2+

Mg2+

Ca2+

Mg2+

Ca2+

Mg2+
Mg2+

Mg2+

Mg2+

K+
K+

K+

Ca2+

Ca2+

SO4
2-

SO4
2-

SO4
2-

SO4
2-

Cl-

Cl-

Negatively 
charged 
colloid

Cations in 
solution

Anions in 
solution

Internal 
surfaces

Soil solution (water) in the pore 
space between particles

Cation exchange

K+



 Reversibility

Na+  +     H+ H+ +       Na+

(soil collide)   (soil solution)                             (soil collide)       (soil solution)

 Charge Equivalence  (charge for charge basis)

Ca2+   +     H+ H+ +     Ca
(soil collide)     (soil solution)                            (soil collide)     (soil solution)

 Ratio Law    E.g. Exchange reaction between Ca2+ and Mg2+

20Ca   +   80Mg2+ 4Ca2++ 16Mg2+ +  16Ca2++ 64Mg2+

(soil collide)    (soil solution)                              (soil collide)                         (soil solution)

At equilibrium the ratio of Ca to Mg on the collide is the same as of Ca to Mg in solution (i.e Ratio 1Ca:4Mg )

Cation Exchange Reactions

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -



Fertile soils
Maintenance of adequate quantities of base cations for plant growth
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Questions ?
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Nutrient cycling
 Nutrient cycling efficiency can be defined as the amount 

of desired product (or environmental service) delivered 
per unit of nutrient cycled in the system. 

 Soil nutrient balances provide a method for estimating the 
annual nutrient loadings to agricultural soils. 

 A soil nutrient balance provides an indication of the 
potential risk associated with losses of nutrients to the 
environment, which can impact on soil, air, and water 
quality and on climate change



Interest in understanding:
How to increase the biological 
activity of soils / soil organic 
matter / nutrients availability 

for plants. How to manage 
conservation agriculture

Reinforce soil science in initial and 
continuing education, not only for 
farmers, but also for agriculture-

related occupations. In particular: 
farmers & advisers should be trained 
in simple methods for observing and 
assessing soils properties in the field

Have access to 
independent 

and high 
quality advice 

on soil and land 
management

Have the opportunity 
to exchange regularly 
on soil-related issues, 

especially within 
farmers discussion 

groups

Have a diagnosis tool to evaluate soil 
properties and functions, and to guide the 
choice of appropriate agricultural practices

Have access to 
clear, reliable 
and validated 

information on 
soil and land 

management.

Photo: Argenton sur Creuse, France 2016

Presenter Notes
Presentation Notes
the results show the contrast between the stakeholder levels: farmer and farmadvisors are focussed on tools for improving local knowledge,while multi-stakeholders discuss policies and research solutions.



The competing 
demands for 

other 
functions on 

carbon 
sequestration 

potential

Impact of 
agri-environment 

schemes

Flood
mitigation

The impact of urban 
expansion on supply of 
soil functions and the 

eventual redistribution 
of supply

Increased 
resilience 
of soils in 
response 
to climate 

change

Identification of 
critical areas and 

highly 
multifunctional 

land

Reducing unnecessary 
inputs to soil reduce 

the risk of these 
leaching, eroding and 

being carried into 
nearby water bodies

Soil conservation 
techniques to 

minimize erosion
and indirectly as 
the transfer of 

pollutants

Photo: COPA-COGECA, Bruxelles, Belgium 2016

Presenter Notes
Presentation Notes
The impact of urban expansion on supply of soil functions and the eventual redistribution of supplyThe competing demands for other functions on carbon sequestration potentialImpact of agri-environment schemesFlood mitigationIncreased resilience of soils as a result of climate changeIdentification of critical areas and highly multifunctional landReducing unnecessary inputs to soil reduce the risk of these leaching, eroding and being carried into nearby water bodiesSoil conservation techniques to minimize erosion and indirectly as the transfer of pollutants



Soil nutrient analysis

 Agricultural soils must be analysed to measure 
fertility levels and to indicate the additional 
nutrient requirements for the crop

 It involves 4 steps:
 Soil Sampling
 Soil Analysis
 Interpretation of soil analysis
 Developing advice based on these results
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Maximum 

Yield

Apply 
Maintenance 

Fertiliser

Apply 
No 

Fertiliser

Critical 
Soil Nutrient 

level

Fertilizer Recommended by:
Deficiency Correction Approach

Maintenance Approach

(A)       (B)       

VL       L         M         H         VH         
Soil Fertility Levels

(Soil Test Levels)

Fertiliser recommendation approach

Source: Farm Energy PSS eLibrary



Management practices 

Effects on soil functions 

Primary 
Production 

Water 
regulation 

Carbon 
sequestration 

Nutrient 
cycling 

Habitat 
biodiversity 

Ploughing (20-30 cm)      

Reduced tillage - non-
inversion(10-15 cm)  

                   

No tillage      

Crop rotation   -3   

Winter cereals      

Spring cereals      

Corn                  
           to     

Grain legumes (spring)      

Oil seed rape (winter)      

Potatoes      

Sugar beets      

Grass (with clover)      

Grass (without clover)      

Grass outside rotation      

Grass seeds      

Spinach      

Environmental protection zones / 
extensive management of 
sensitive areas 

     

Tree alleys for wind protection      

Slurry      

Farmyard manure      

Catch/cover crop with legumes / 
green manure 

     

Catch/cover crop without 
legumes (mandatory by law) 

     

Leave crop residues      

Fertilization       

Irrigation      

Drainage      

Plant protection - chemical      

Plant protection - mechanical          to         

Liming      

+++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

+

       
 

+

       
 

+

       
+ - 

- 

- 

- 

- 

+ 

+ 

+ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ +++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

++ 

++ 

++ 

++ 

- + 

- 

- 

- 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

- +

MANAGEMENT PRACTICES TO MAXIMISE
SOIL FUNCTIONS

Bampa et al. (2019) Harvesting European knowledge on soil functions and land management using multi-criteria decision analysis. Soil Use Manage. 2019;35:6–20.
Ghaley, B.B. et al. (2018). Assessment of Benefits of Conservation Agriculture on Soil Functions in Arable Production Systems in Europe. Sustainability, 10, 794.

Farmer workshop results
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Measuring Sustainable Nutrient Use
Apparent nutrient recovery is the percentage of total available 
nutrients from the soil that are recovered in the crops at harvest, 
in which the “inputs” refer again to the nutrient supply by 
fertilization and natural deposition.

Apparent nutrient recovery (%)

=                         Crop Nutrient uptake at harvest  (kg ha-1)        
Soil nutrient reserves before fertilization (kg ha-1) + Nutrient inputs (kg ha-1)
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Measuring Sustainable Nutrient Use
Nutrient use efficiency (NUE) shows the ability of crops to take 
up and utilize nutrients for maximum yields. Therefore, the NUE 
concept involves three major processes in plants: uptake, 
assimilation, and utilization of nutrients.

Source: Nutrient use 
efficiency - an overview. 
Plant Macronutrient Use 
Efficiency, 2017

Nutrient Use Efficiency (NUE %)

= Total Nutrient outputs  (kg)        
Total Nutrient inputs (kg)

X 100
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Measuring Sustainable Nutrient Use
Nutrient balance is defined as the difference between the 
nutrient inputs entering a farming system (mainly livestock 
manure and fertilisers) and the nutrient outputs leaving the 
system (the uptake of nutrients for crop and pasture production).

Apparent nutrient surplus = Nutrient inputs (kg ha-1) – Nutrient offtake  (kg ha-1)

Nutrient Balance       =     Total Nutrient inputs (kg) – Total Nutrient output (kg)
Utilisable Agricultural area (ha)
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Figure. Global cropland nitrogen surplus or deficit in 2015.

Source: Xin Zhang and Guolin Yao, University of Maryland Center for Environmental Science; updated from previous estimates.



Source: Kelly et al., 2017. Benchmarking Nutrient use on farms.

Table 1. Nutrient budgeting models 

Table 2. Standard Farm Gate nutrient balances

Nutrient Balance - Scale
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Nutrient Balance - Scale

Source: Kelly et al., 2017. Benchmarking Nutrient use on farms.



Nutrient Balance - Factors to consider

Source: FAO, Assessment of soil nutrient balance
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Correcting Soil Nutrient Balance
 Soil testing and Nutrient management planning (NMP)
 4 R’s: Right product, rate, time & place
 Correcting soil pH where needed

 Manure management & recycling of nutrients
 Cover cropping & green manures
 Bio-based fertiliser alternatives, (organic waste streams)

 Recover nutrients, make them plant available & safe
 Using sustainable fertilisers (low emission technologies)
 Integrating crops and animal farming systems

 Crop rotations, Grassland,
 Legumes – increase N fixation

 Crop mixtures
 Longer Crop rotations > 4/5 crops



64

Responsible plant & soil nutrition

Interconnected aims of responsible plant nutrition, and six key actions to take.

Source: Dobermann et al. 2022, Global Food Security
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Responsible plant & soil nutrition
The agri-food chain from a nutrient management perspective. Blue boxes show 
actors who directly contribute to nutrient use and losses at different stages.

Source: Dobermann et al. 2022, Global Food Security



Thank You

Questions ?
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