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Abstract 

This issue of Fertiliser Update commemorates the 75th anniversary of the founding of the 
Society. As such, we thought that it would be appropriate for this issue to look both 
backwards at the history of the industry and the Society, and forwards in time, by 
considering issues that both the Society and our industry face.  
Accordingly  the  first  article  combines information  from  past  IFS  Proceedings  to  
provide an overview of the early development of the  modern  fertiliser  industry  and  the 
technologies that it uses, up until 1995. 
The next article is a summary of IFS Proceedings 465  on  Phosphorus,  Potassium  and  
Sulphur Cycles  in  Agricultural  Soils,  one  of  the  more noteworthy agronomic ones in 
our archive. 
The  third  article extracts  key  points  from Proceedings 687 and 751, Assessing the 
Carbon  
Footprint of Fertilisers at Production and Full Life Cycle, one of the highest profile issues 
facing the industry today. 
The fourth article is a commentary written by Society  Member  Debby  van  Rotterdam, 
examining some of the practical issues associated with the recent paper ‘What is a plant 
nutrient? Changing  definitions  to  advance  science  and innovation in plant nutrition’, 
Brown et al, 2021.  
The final article summarises the findings from research  that  the  Society  carried  out  
among Members this year, and what these imply for how the Society should develop in the 
future. 
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Welcome to Issue 10 of Fertiliser 

Update 

This issue of Fertiliser Update commemorates the 

75th anniversary of the founding of the Society. As 

such, we thought that it would be appropriate for 

this issue to look both backwards at the history of 

the industry and the Society, and forwards in time, 

by considering issues that both the Society and our 

industry face. 

Accordingly the first article combines 

information from past IFS Proceedings to 

provide an overview of the early development of 

the modern fertiliser industry and the 

technologies that it uses, up until 1995. 

The next article is a summary of IFS Proceedings 

465 on Phosphorus, Potassium and Sulphur 

Cycles in Agricultural Soils, one of the more 

noteworthy agronomic ones in our archive. 

The third article extracts key points from 

Proceedings 687 and 751, Assessing the Carbon 

Footprint of Fertilisers at Production and Full 

Life Cycle, one of the highest profile issues facing 

the industry today. 

The fourth article is a commentary written by 

Society Member Debby van Rotterdam, 

examining some of the practical issues associated 

with the recent paper ‘What is a plant nutrient? 

Changing definitions to advance science and 

innovation in plant nutrition’, Brown et al, 2021. 

The final article summarises the findings from 

research that the Society carried out among 

Members this year, and what these imply for how 

the Society should develop in the future. 

 

Steve Hallam 

Secretary of the International Fertiliser Society 

The history of the fertiliser 
industry 

As reviewed in IFS Proceedings 1, 19 and 395 

Two of the earliest IFS Proceedings, numbers 1 

(Fertilisers and Food, A Retrospect and Prospect by Sir  

E J Russell, 1947) and 19 (History of the Fertiliser 

Industry in Britain by W G T Packard, 1952), looked back 

at the development of crop nutrition and the production 

of fertilising materials up until the early 1950s. The 

development of the ‘modern’ fertiliser industry was 

reviewed in Proceedings 395 (Fifty Years with the 

Fertiliser Industry, by Frank J. Johnson, 1997), which was 

written to mark the 50th anniversary of the Society, in 

1997. These three Proceedings have been summarised 

and combined to produce this fascinating article. 

Early ‘fumblings’ – what works, works 

From very early times farmers have known that they 

could increase the productiveness of the soil by 

adding certain substances to it. Chief of these in the 

‘old days’ were farmyard manure, lime in one form or 

another, and marl: these have been used for over 2,000 

years; but the list gradually extended and in the course 

of time it covered a wide range including blood, 

bones, rapeseed residues, shredded woollen rags, 

horn shavings, soot and salt, about all of which, with 

a little search in 16th, 17th and 18th century writers, one 

can find interesting and sometimes spicily picturesque 

accounts. In the early days of the 19th century there 

were added ammoniacal liquor from gas-works, 

guano, nitrate of soda, etc. These things had in practice 

been found beneficial and so farmers used them; 

nothing was known of their action and no sort of 

control was possible.  

In about 1750 Jethro Tull, an Oxford scientist, summed 

up the state of knowledge about the ‘principle’ of plant 

growth at that time as follows: “It is agreed that all the 

following materials contribute in some manner to the 

increase of plants, but it is disputed which of them is 

that very increase of food; 1 nitre, 2 water, 3 air, 4 fire 

and 5 earth". It is a little difficult to understand what 

mailto:secretary@fertiliser-society.org
mailto:secretary@fertiliser-society.org
https://twitter.com/FertiliserSoc
https://www.linkedin.com/groups/4890244


  
International Fertiliser Society 
Tel: +44 (0)1206 851 819  Email: secretary@fertiliser-society.org                                    

part Tull imagined that fire played; but presumably the 

idea was based on the fact that when straw or organic 

matter is burnt and the ashes applied to the land, an 

improvement was noticeable. Bones were a particular 

worry, because they sometimes acted extremely well 

and sometimes were quite useless. Except with 

farmyard manure, manuring was a very uncertain 

business for the farmer. 

First applications of ‘science’ 

In 1804 Theodore de Saussure, a Swiss scientist, 

instituted the quantitative method of experimentation 

and established the fact that the nitrogen and mineral 

matter contained in plants was derived from the soil. 

But the generally accepted theory at that time still 

seems to have been that all fertility was derived from 

humus, and it was not until 1840, when Justus von 

Liebig published his report entitled “Chemistry in its 

Application to Agriculture and Physiology” that the 

scientific world began to realise the importance of 

manures which in those days consisted of organic 

materials such as dung, bones, animal refuse, etc. 

The great change came when Boussingault, the 

distinguished French agronomist, introduced the idea 

of a crop balance sheet based on chemical analysis, 

showing on one side of the account how much of the 

various constituents the crop contained, and on the 

other how much of these same constituents had been 

supplied by a dressing of manure that kept up the soil 

fertility. Other scientists added new facts and by 1840, 

Liebig was able to piece together the available 

information and make it into a connected story. Plants, 

he said, make their organic matter out of the carbon 

dioxide, water and ammonia of the air, they derive 

only their mineral constituents, especially their alkalis 

- potash, soda and magnesia - and their phosphate 

from the soil and the manure. He therefore concluded 

that the manuring of crops should be mineral and not 

organic, and that potash, soda, magnesia and 

phosphate, and, for grass and cereals, a silicate, were 

all that need be given. That was the so-called "mineral 

theory," which created a tremendous stir some 

hundred years ago, and it was in sharp contrast with 

the old "humus theory". However it did not affect farm 

practice: there was no demand for these alkalis as 

fertiliser - nor for that matter was there any supply. 

 

The key contribution of Rothamsted – formal 

trials 

These theoretical efforts were put in the shade by the 

field experiments of John Bennet Lawes, the young 

squire of Rothamsted. In 1839 he tried some small 

scale experiments with bones, burnt bones and 

mineral phosphate decomposed by sulphuric and 

other acids. The results with turnips were so 

remarkable that in 1840 he used this ‘superphosphate’ 

on about half an acre of land and applied it to grass 

and other crops, and he tried another source of 

phosphate, spent animal charcoal, i.e., charred bones, 

then used in purifying sugar. The results were so 

impressive that he proposed taking out a patent for 

the manufacture of superphosphate. 

The start of industrialisation 

Superphosphate was the basis of the compound 

fertiliser industry, which was founded on this 

discovery that the insoluble phosphate in bones and 

rock could be rendered more readily available to the 

plant by digesting finely ground product with 

sulphuric acid. The initial raw material was coprolitic 

nodules (fossilised dung) containing phosphate which 

could be dissolved in sulphuric acid in the same way 

as bones. 

From about 1885 another source of P became 

available, when the agricultural value of basic slag, a 

by-product of the Bessemer process for making steel 

from iron ores containing phosphorus, was 

established by Professors Wrightson and Munro. 

Whether basic slag in its early days was a competitor 

of superphosphate and reduced the consumption of 

superphosphate is open to doubt, as it was used 

chiefly for grass on acid soils which did not respond 

to superphosphate. 

The practical problems of determining the most 

economic quantities to use were worked out by 

farmers themselves, helped considerably however, by 

field experiments. A noteworthy figure was Dr 

Augustus Voelcker, who interpreted the field 

experiments in practical terms and gave advice which 

worked out remarkably well. He used soil analysis 

and was able to show the value of potassic fertilisers. 

Potash was being produced from wood ashes in about 

1600 and an American writer states that one incentive 

for the colonisation of Virginia by the British was to 

produce potash for the British industrial needs, 
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predominantly for the production of soap for the 

washing of wool. Mineral potash was first mined in 

Germany in 1838 but little response was seen to the 

application of K as a fertiliser in practice until the 

severe phosphate deficiency had been addressed. 

Throughout the latter part of the 19th century supplies 

of superphosphate, nitrate of soda and sulphate of 

ammonia were increasing and allowing farmers to 

greatly increase their output of food. We can now say 

that between the years 1840 and 1860 it was definitely 

established that plants fed on certain elements which 

could be applied to the soil in solid form to replace the 

amount taken out by cropping, and the foundation 

stone of the Fertiliser Industry was laid. It only 

remained for the pioneers to exploit the position. 

Solving the challenge of nitrogen 

Lawes’s experiments had also clearly demonstrated 

the value of nitrogen on crop performance. 

Throughout the 19th century the demand for sources 

of nitrogen had been steadily increasing. The main 

source was mining saltpetre (potassium nitrate) 

deposits and guano from tropical islands. By the 

beginning of the 20th century it was being realised that 

these reserves would be insufficient to satisfy future 

demands, and research into new potential sources of 

ammonia became more important. Although 

atmospheric nitrogen comprises nearly 80% of the air, 

it is exceptionally stable and does not readily react 

with other chemicals. Converting nitrogen into 

ammonia posed a challenge for chemists.  

An early attempt to solve this was developed by 

Kristian Birkeland and Samuel Eyde at Christiania 

University (nowadays known as the University of 

Oslo). In 1903 they established the first synthetic 

plasma-based NOX synthesis process. In this, air was 

passed through an electric arc, i.e. a thermal plasma, 

thereby producing nitrogen oxide (NO) and nitrogen 

dioxide (NO2). Thereafter, NO2 was concentrated and 

absorbed in water to form nitric acid (HNO3). A 

factory based on the process was built in Norway, 

combined with large hydropower facilities. However 

the process was found to be inefficient in terms of 

energy usage, and was out-competed by the Haber 

Bosch process. 

The problem was solved by the invention and 

development of the Haber Bosch process, in Germany. 

However the engineering challenges involved in 

scaling up the process meant that, while the process 

was first demonstrated in 1909, it was not until 1913 

that a manufacturing plant (with an output of 20 

tonnes per day) could be brought on stream, at BASF's 

Oppau plant in Germany. During the war this plant 

was predominantly used to produce nitrate for 

munitions. It was not until the early 1920s that the 

process was first used to produce material for 

fertilisers. 

Overcoming product inconsistency 

In the late 19th and early 20th centuries there were 

perennial difficulties with mixed, ‘compound’ 

fertilisers. The big fertiliser manufacturers turned out 

standard products up to and often better than the 

guarantee, but many smaller suppliers simply set up 

a grinding and mixing mill, bought the raw materials 

and made "compounds" which were not infrequently 

offered at exorbitant prices. The result was a concerted 

attack by agricultural chemists on mixed fertilisers: a 

revered senior chemist of the time was categorical that 

all fertiliser people were rogues. Accordingly it was 

recommended that farmers should buy the raw 

materials - the superphosphate, potash salts, and 

sulphate of ammonia, and make their own mixtures.  

Process improvements and the contribution of 

the Tennessee Valley Authority 

Between the two world wars fundamental changes 

were going on in the fertiliser industry which took 

definite shape afterwards. New concentrated 

fertilisers came in, based on ammonium phosphate 

which could now be manufactured on a vast scale. 

Triple superphosphate was made in the United States. 

Granulation was introduced. The new fertilisers were 

more concentrated and in vastly better condition for 

storing and drilling than the old ones. Ammonium 

nitrate came into use; it was made safe, drillable and 

storable, by appropriate treatment involving the use 

of calcium carbonate. Starting in the 1930s the 

Tennessee Valley Authority (TVA) started to develop 

improved production technologies, particularly in the 

area of granulation. 

Industry growth phase 

At the time of the founding of the Society, in 1947, 

fertiliser production in Europe was less than 50% of its 

pre-war levels for nitrogen, phosphates and potash. In 

North America production for 1946 was nearly double 
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the amount produced in 1939, while in Asia it was 

practically nil. 

The year 1947 can be documented as the year that post 

war production of fertiliser began its phenomenal 

growth through: 

1. a sustained increase in the production in the 

western hemisphere, 

2. converting ammonium nitrate ordnance plants to 

fertiliser plants in North America and Europe, 

3. installation of more efficient systems of production, 

4. rehabilitation of bombed and damaged plants in 

Europe, Africa and Asia, 

5. an increasing tendency for countries to encourage 

production of fertiliser closer to the area of 

consumption. 

The nitrogen industry ranked second to phosphates in 

the total tonnes produced in 1947, just barely greater 

than potash. Through the next 50 years nitrogen 

continued to outgrow either of the other primary 

nutrients until in 1995 there was more than twice as 

much nitrogen produced as either phosphate or 

potash. In 1947 the main nitrogen products were 

ammonium sulphate and sodium nitrate, both 

relatively low analysis products while today 

anhydrous ammonia, urea, UAN solutions, CAN and 

ammonium nitrate are the biggest sources of nitrogen.  

Phosphate production also grew significantly after 

World War ll. Single superphosphate was the leader 

in 1947 followed closely by basic slag in many parts of 

the world. The economical and efficient processes for 

making phosphoric acid, introduced by the TVA and 

Dorr-Oliver in the late 1950s, led first to the major 

switch in North America from single super to 

concentrated or triple super, followed very closely by 

the second change to ammoniated phosphates. 

In 1947 only 2.4 million tonnes of potash were 

produced and about 64% of that total came from 

Europe (Germany, France and Spain) and the 

remaining 35% from the USA. At that time production 

in Israel was less than 2% of the total. These totals 

were essentially all muriate of potash. By far the most 

striking fact about the subsequent  increase was not 

the type of product, as was the case with nitrogen and 

phosphate but the location of the mining operations. 

The discovery and development of huge reserves in 

Canada, the development of reserves in Russia and 

former members of the USSR, and increased 

production in Asia, have brought new leaders to the 

potash industry. 

Beyond N, P and K 

In 1947 very little was known about the need for 

adding secondary nutrients to "complete" fertilisers. 

Soil scientists and plant physiologists had identified 

the main essential elements for plant growth but it 

was more or less understood that apart from N, P and 

K, these elements were present in sufficient quantities 

in the soil or accompanied the materials being used. In 

some ways this was true as long as single 

superphosphate was used. However when the switch 

was made to the more concentrated triple super and 

ammonium phosphates, sulphur and calcium 

deficiencies began to appear. It then became necessary 

to add these elements to the fertilisation programme. 

Overview 

Looking back at the history of the industry, as described 

by these three Proceedings, the main phases in the 

development of the modern fertilising industry are: 

• For most of recorded history ‘blind’ usage of 

materials to increase yields unpredictably, based 

on trial and error. 

• Starting at the beginning of the 19th century, the 

application of systematic experimentation by 

scientists to try to understand the contribution that 

various organic materials made to plant growth. 

• Around 1830-40, the conceptual breakthrough of 

the ‘crop balance sheet’, followed by the 

development of the "mineral theory" of crop 

nutrition, even though this had no impact in 

practice at the time.  

• The start of the field trials at Rothamsted in 1839, 

which led to the development of superphosphate. 

• The development in the late 19th and early 20th 

centuries of the Haber-Bosch process to fix 

nitrogen from the atmosphere. 

• During the early part of the 20th century improved 

engineering and production expertise at scale 

resulted in the production of increasing quantities 

of more consistent and reliable fertilisers. 

• Starting in the 1930s the TVA started to develop 

improved production technologies, particularly in 

the areas of granulation and phosphates. 

• From the late 1940s onwards further materials and 

manufacturing developments, allied to the need of 
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governments around the world to boost food 

production, led to a sustained and significant 

growth in industry output. 

 

Phosphorus, Potassium and Sulphur 
Cycles in Agricultural Soils 

As discussed in IFS Proceedings 465 

Johnny Johnston, of Rothamsted Research, has 

authored or co-authored more IFS Proceedings than 

anyone else. So it seems fitting that one written by him 

should be profiled for this issue of Fertiliser Update. 

In 2001 he was the lead author of Proceedings 465, 

Phosphorus, Potassium and Sulphur Cycles in 

Agricultural Soils. This paper discusses phosphorus 

(P), potassium (K) and sulphur (S) cycles in agricultural 

soils in relation to the essential role each of these three 

nutrients plays in food production. These nutrients are 

considered separately because although there are 

similarities in their behaviour, there are important 

differences, in part related to the fact that K exists as a 

cation, P and S as anions. All three nutrients are taken 

up by plant roots from the soil solution as ions, H2PO4, 

HPO4
2- and K+ and SO4

2-, respectively. The chemistry of 

soil P, however, is more complex than that of K. Almost 

all the K is present as the monovalent K+ ion while P 

and S are present both as ions and as inorganic and 

organic molecules. To fulfil their essential role in crop 

nutrition these three nutrients are required in quite 

large amounts, K more than P and S which many crops 

require in about equal amounts.  For annual crops the 

daily rate of uptake, in kg/ha, is greatest in the early 

stages of growth. Therefore, the readily available pool 

of nutrients has to be sufficiently large to replenish 

them rapidly in the soil solution, for P sometimes as 

much as ten times each day, during the period of 

maximum daily uptake.   

Both P and K can accumulate as plant available 

reserves in many soils when the nutrient balance 

(nutrient applied minus nutrient removed) is positive 

and both can be released from such reserves. The 

immediate plant availability of these reserves depends 

on the rate at which they are transferred to the soil 

solution from the various soil pools in which they are 

held.  The paper used Olsen P and exchangeable K 

(Kex) as a measure of the readily available reserves of 

P and K, respectively.  For S, as for N, plant analysis 

appears to offer more promise than soil analysis to 

determine S sufficiency or deficiency.  This is because, 

like nitrate, sulphate ions can be leached from the soil 

through drainage and reserves are usually held in soil 

organic matter that must be mineralised to release 

plant available sulphate. 

The phosphate soil cycle 

Figure 1 shows a simplified schematic of the 

phosphorus cycle. The negatively charged phosphate 

ions added in fertilisers and manures are held in soil 

by positive charges associated with aluminium, iron 

or calcium compounds found in soil, depending on 

soil type and soil pH. This bonding, as a result of the 

attraction of opposite charges, can range from weak 

(often referred to as physical sorption by electrostatic 

forces) or strong (referred to as chemisorption with 

covalent bond formation). After the initial adsorption 

there can be a further gradual absorption of the 

adsorbed P by diffusive penetration into the soil 

matrix, which renders the P unavailable for plant 

uptake in the short term at least. 

These concepts of weak and strong bonding of P onto 

the solid particles of the soil make it easier to 

understand: (i) the time scale of P reactions in soil, (ii) 

why in many agricultural soils plant available P 

reserves can accumulate from the residues of past 

applications of fertilisers and manures, and (iii) why 

different reagents used to extract P from soil in routine 

methods of soil analysis for P can be successful in 

predicting the availability of soil P for crop growth. 

Another major, but crucially important development 

is the evidence from field experiments that, at least in 

some soils, P can move both from weak- to strong-

bonding sites and from strong- to weak-bonding sites, 

i.e. the transfer is reversible.  The transfer is probably 

driven largely by changes in the soil solution P 

concentration causing diffusion of P along a gradient.   

The essential feature of Figure 1 is the reversible 

transfer of P between the first three pools (Soil 

solution – Readily available pool – Less readily 

available pool).  Experiments have clearly 

demonstrated the transfer of P between different soil 

P pools and on soils where these pools contain plant 

available P, the importance of accumulating 

appropriate levels of P reserves.   

The potassium cycle 

As illustrated by Figure 2, compared to the chemistry 

of P in soil, that of K is relatively simple because K 
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exists almost exclusively as K+. A current, simple 

concept about soil K divides it between four pools or 

compartments: 

i. In the soil solution (Ks). 

ii. As an exchangeable cation (Kex). 

iii. As fixed (Kf), or non-exchangeable, K which can 

become plant available. 

iv. In the lattice of certain K-bearing primary minerals 

(Kl). 

In most agricultural soils the majority of the Kex and 

Kf will be the reserves derived from past applications 

of fertilisers and manures.  

Plant roots take up K from the soil solution. The 

concentration of K can vary considerably between 

soils depending on cropping history and past 

additions of fertilisers and manures. 

The reversible transfer of K between the Ks, Kex and 

Kf pools is the essential feature of the soil K cycle. The 

K supply to crops will be dominated by the amount of 

K in each of these three pools, and this will depend on 

the past history of K additions and the rate of transfer 

between the pools. As  with P, the amount of K in the 

soil solution and its rate of replenishment are all-

important in meeting the K requirements of the crop if 

it is to achieve its optimum yield. 

The sulphur cycle 

The major pools and the processes involved in S 

transfers between them are presented in a generalised 

form in Figure 3. Soil S is considered to exist in three 

pools, available (as sulphate in the soil solution), soil 

inorganic S and soil organic S. World-wide the total S 

content of soil can range from 20 mg/kg to 3-4%. In 

many soils and situations throughout the world the 

ratio of C:N:S is 140:10:1.3.  

Immobilisation of sulphate (SO4
2-) into organic forms 

is principally a microbial process and the rate is 

influenced by the availability of suitable organic 

substrates for microbial activity. As with the 

immobilisation of nitrate, which depends on the C:N 

ratio of the decomposable organic material, 

incorporation of plant residues with a wide C:S ratio, 

e.g. cereal straw, favours the immobilisation of S in the 

short term. In autumn straw incorporation could lead 

to a lower sulphate availability but also a lower risk of 

loss by winter leaching. 

Microbial activity is also responsible for the 

mineralisation of sulphate from organic S compounds 

as a result of the microbes utilising the carbon skeleton 

or by the hydrolysis of organic ester-S by extracellular 

enzymes.  The rate of mineralisation is affected by 

temperature, moisture, pH and substrate supply.  

Mineralisation decreases appreciably below 10°C so 

under UK conditions there is likely to be little 

mineralisation before late spring. Immobilisation and 

mineralisation processes involving S can and probably 

do operate concurrently in most soils. So in many 

studies it is the net change that is measured but it is 

this that is important for the plant availability of S. It 

has been estimated that mineralised S represents only 

1 to 3% of the total organic S. 

Spring applied sulphate is less at risk to leaching 

although there is evidence that suggests that there can 

be considerable downward movement during the 

growing season. The controlling factor is probably the 

amount of rainfall and movement of water down the 

profile, and the soil type. Thus a sizeable though 

variable proportion of added sulphate can be lost from 

the soil horizons in which there is root activity, 

suggesting that timeliness of application will be 

important. 

Two particular conclusions that can be drawn from 

the work discussed in this paper are: 

• The many experiments reported confirm the 

interdependence of nutrients and the importance 

of their availability for efficient nitrogen use. 

• It is shown that applied soluble P does not become 

irretrievably ‘locked up’ in soil, but contributes to 

reserves in pools with reversible transfers, and 

contributes to long-term supply. 

 

Assessing the carbon footprint of 
producing fertilisers 

As discussed in IFS Proceedings 687 and 751 

An important aspect of fertiliser production that the 

Society has covered in its Proceedings is the 

assessment of the carbon footprint of fertiliser 

production, and the scope to reduce this. Two such 

Proceedings are 687, LCA to Assess the 

Environmental Impact of Different Fertilisers and 

Agricultural Systems (Bentrup and Lammel, 2011) 

and 751, Assessing the Carbon Footprint of Fertilisers 

at Production and Full Life Cycle (Christensen et al., 
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2014). This article is extracted from these two 

Proceedings. 

Life Cycle Analysis for fertilisers 

Proceedings 687 explains that the 'environmental 

footprint' of crop production in general and of mineral 

fertiliser use in particular includes a wide range of 

different impacts, such as nitrate leaching, ammonia 

volatilisation and greenhouse gas emissions, or 

energy consumption, which itself may contribute to 

different environmental effects e.g. eutrophication, 

acidification, and global warming.  The life-cycle 

assessment (LCA) methodology is particularly 

suitable for the examination and analysis of the 

'environmental footprint', since LCA is an inventory 

and evaluation of all environmental impacts 

(emissions and resource consumption) along the 'life-

cycle' of a product from 'cradle to grave'. For fertiliser 

this means the inclusion of raw material extraction, 

through production to application (Figure 1).  

LCA is a standard methodology for comprehensive 

environmental analyses because all single impacts are 

included and evaluated, the entire production system 

is considered and aggregated, and conclusive 

indicators can finally be calculated. LCA is mainly used 

to compare different alternatives (products or services) 

and to determine their environmental 'hot-spots'. 

Life Cycle Analysis applications 

The LCA approach can be used in different ways. Its 

first application was on energy balances, where the 

energy consumption and energy production are 

evaluated. Figure 2 shows the systems boundaries in 

an energy balance calculation for cereal production. It 

follows the life-cycle approach by including the 

extraction of raw materials (e.g. minerals, fossil fuels), 

the production and transportation of farming inputs 

(fertiliser, pesticides, machinery, seeds) up to the on-

farm activities. Nitrogen (N) fertiliser production is a 

main driver of energy use in crop production and 

represents about half of the total consumption of 

energy in an intensive arable crop production system. 

Today, the LCA approach is often applied in order to 

determine the so-called 'carbon footprint' of products 

or production systems. Carbon footprint studies of 

crop production are particularly critical, because it is 

not only the energy-related CO2 emissions that are 

relevant, but in addition there are other specific issues 

to be considered. These are for instance (1) direct and 

indirect nitrous oxide (N2O) emissions, (2) potential 

land-use change impacts (e.g. CO2 from 

deforestation), (3) varying greenhouse gas emissions 

from different fertilisers and fertiliser production 

technologies, and finally, the CO2 fixation in crops, 

which is only accountable if fossil fuels are replaced 

by bio-energy sources. 

The Fertilizers Europe Carbon Footprint 

Calculator 

Proceedings 751 takes this forward to look specifically 

at the carbon footprint of producing fertilisers. It 

describes how Fertilizers Europe developed the 

Carbon Footprint Calculator (CFC) to estimate the 

emission factor (t CO2-eq./ton product) related to the 

production of fertilisers. The   CFC  is  a  cradle-to-

factory-gate   calculator   based   on  the  principles 

developed  by  Kongshaug  (1998).  This  implies  that  

the  emission  factors (kg  CO2-eq./ton   fertiliser  

product)  of  the  final  products  are  calculated 

stepwise by defining the imported raw materials, 

production of intermediates and the finishing  process  

combining  these materials  into the final product. It is 

free for all to use. 

The Proceedings describes how the CFC works, and 

shows some of the energy consumption figures that it 

uses. The ‘building blocks’ that the model uses are 

shown in Figure 3. 

The CFC takes into account GHG emissions with 

global warming potential (GWP), i.e. N2O, CO2  and 

CH4. Using the GWP conversion factors N2O and CH4 

emissions are converted to CO2-equivalents (CO2-eq.)  

It incorporates three   energy   sources  (i)   fossil   fuel, 

(ii) electricity and (iii) steam. The emission factor for 

the different energy sources depends on the carbon 

factor (kg CO2/GJ) for energy use and energy supply. 

The latter refers to emissions associated with the 

exploration and production of the energy used and its 

transport from 'source' to the user. Fossil fuels can be 

used both as an energy source and also as the 

feedstock for making the syngas needed for the 

ammonia production.  

Raw materials such as phosphate rock, potash, 

sulphur and inerts are mined, processed and 

transported to the plant site. Emissions are therefore 

defined by these practices. Mining  of  raw  materials  

is  relatively  energy  intensive  and  thus  causes 

emissions (similar to emissions related to energy 
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supply). Additionally, in the case of phosphate rock 

(PR) processing into fertilisers, CO2  is released during 

the manufacturing process. The amount of CO2 

released depends on the origin of the PR – whether 

sedimentary or igneous - and on the carbonate content 

of the rock. Potash  is  either  imported  as  potassium  

chloride  (MOP)  or  as  potassium sulphate (SOP). The 

energy related to mining and processing is estimated 

for each one. The mining and processing of inerts is 

also energy consuming, for which factors have been 

estimated. CO2  contained in limestone (CaCO3) and 

dolomite can potentially be released when applied in 

agriculture, depending on the soil pH and other 

factors. In the CFC results the CO2 included in the final 

product and potentially released when used in 

agriculture is calculated separately. 

The CO2  emissions related to transport depend on the 

means of transport and the distance over which 

transport is required. For ammonia  (NH3) and nitric 

acid (HNO3) a wide set of reference values are 

available: regional references, as well as European 

BAT (best available techniques) ones. 

After setting all the parameters for the fertiliser 

production, the total carbon footprint  

(ton CO2-eq./tonne product) is calculated for the 

selected fertiliser. For key fertiliser products such as 

AN, CAN, urea and UAN more details on the 

emissions are provided, i.e. the CO2 emissions related 

to the raw materials (excluding natural gas as 

feedstock), CO2  emissions related to energy supply 

(including natural gas as feedstock), GHG released 

during production and the CO2 captured in the 

product and potentially released in the field is 

reported in the case of urea and UAN. A comparison 

with regional reference values for these products is 

also available. 

Usage of the Fertilizers Europe Carbon Footprint 

Calculator 

Subsequently, the Fertilizer Carbon Footprint 

Calculator has established itself as the world’s 

foremost free tool for calculating greenhouse gas 

emissions of the majority of fertilisers used today. It 

currently has over 1,200 registered users from a wide 

range of backgrounds. Users are mainly from the 

following four groups: academics, fertiliser producers, 

farmers and consultants. The last year has seen a 

doubling of the tool’s users, which is in line with the 

growing interest seen across the world in carbon 

footprinting, and Fertilizers Europe expects this trend 

to continue. With this perspective, Fertilizers Europe 

is currently updating the tool to reflect recent 

advancements.  

The tool is currently being used in two ways. Fertiliser 

companies that want to advertise the carbon footprint 

of their product can use it and have the results 

certified by an accredited verifier. Otherwise, it is used 

for research as it cannot be used for commercial 

purposes without an accredited verification. 
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What is a plant nutrient? Changing 
definitions to advance science and 
innovation in plant nutrition 

A commentary by Debby van Rotterdam 

Brown et al. (2021) have reviewed the definition of a 

plant nutrient and proposed the following revised 

definition:  

“A mineral plant nutrient is an element which is 

essential or beneficial for plant growth and 

development or for the quality attributes of the plant 

or harvested product, of a given plant species, grown 

in its natural or cultivated environment. A plant 

nutrient may be considered essential if the life cycle of 

a diversity of plant species cannot be completed in the 

absence of the element. A plant nutrient may be 

considered beneficial if it does not meet the criteria of 

essentiality, but can be shown to benefit plant growth 

and development or the quality attributes of a plant or 

its harvested product.” 

This revised definition is meant to be a starting point 

to enhance the debate on the definition of a plant 

nutrient in the context of the holistic goals of plant 

nutrition, to encourage a new generation of plant 

nutrition researchers, to spur innovation in public and 

private sector, and to sustainably improve food 

systems.  

This article prompts the following questions that will 

be addressed in this short review:  

1. What is novel?  
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2. Why is a revised definition needed?  

3. What is the way forward? 

What is novel? 

Classically a plant nutrient is defined based on the fact 

that it is essential for a plant to complete its lifecycle 

(Arnon and Stout, 1939). The term ‘essential’ has 

evolved over time with the advances in science and in 

analytical techniques to study plant- and  cell 

functioning, metabolism, and biochemical reactions 

and the role of specific elements herein.  

The revised definition by Brown et al. (2021) broadens 

the definition of a plant nutrient in two ways. Firstly 

the definition of a plant nutrient is broadened from 

only an essential element to also include elements that 

are beneficial. Secondly the focus is broadened from 

solely focusing on completing the lifecycle of a plant 

to also include plant growth, the quality or nutritional 

value of the harvested product, the efficiency of 

utilisation of nutrients, water, and other resources, 

and abiotic or biotic stress tolerance. 

Why is a revised definition needed?  

The definition of an ‘essential element’ has 

considerable importance in the science, legal 

definition, regulation, commercialisation and use of 

fertilisers and other sources of plant nutrients. 

Seventeen elements are commonly classified as 

‘essential’ for plant growth (C, H, O, N, P, K, S, Ca, 

Mg, Cl, B. Zn, Mn, Fe, Cu, Mo, and Ni) and may be 

sold, used, and marketed as such. There is no 

worldwide consensus on which elements are 

essential. For example Cl is listed as essential by plant 

nutrient scientists but it is not classified as a plant 

nutrient by the EU.  

The proposed new definition includes (1) beneficial 

elements and (2) a broader focus than a plant’s 

lifecycle. 1. In contrast with the essential elements, the 

elements that have been shown to have a beneficial 

impact on plant growth (Na, Se, Si, Al, Co, I) are 

relegated to a legal and practical ‘no man’s land’. They 

therefore cannot be legally referred to, marketed or 

sold as plant nutrients, despite their beneficial impact. 

This means that the new definition has implications 

for regulatory authorities. 

2. From an agronomic perspective plant nutrition is 

not (only) about completing the lifecycle of a plant but 

aims to achieve an optimal yield, quality and 

nutritional value of harvested parts of the plant within 

the climatic and geohydrological setting. For this the 

speed of growth, developmental progression, 

tolerance to stress conditions, ability to grow under 

specific environmental conditions, or the production 

of quality plant products are essential for economic 

viability.  

Thus the proposed new definition of a plant nutrient 

provides a more relevant basis to guide both research, 

regulatory development and practical crop nutrition 

than did previous definitions. 

The way forward 

Three meaningful suggestions are made in the article 

as to the way forward: 

1. (more) debate is required about what exactly 

defines a plant nutrient and what are the practical 

implications for legislation, the market, and the 

environment  

2. installation of a universally accepted and 

independent scientific body that regularly reviews 

the list of essential and beneficial nutrients 

3. clear guidelines concerning the experimental 

evidence required to show the benefit of a certain 

element and classify this element as a plant 

nutrient.  

Discussion 

Agronomy is faced with issues concerning food 

security, non-renewable resources, environmental 

pressure and climate change. On the one hand this 

underlines the importance of a more holistic view 

when answering the question ‘What is a plant 

nutrient?’. On the other hand, rigour must be applied 

when implementing a broader definition of plant 

nutrient to avoid a flurry of unproven claims or ‘snake 

oils’ being sold and to prevent the application of 

unnecessary elements into the broader environment. 

For beneficial elements, and also for some essential 

elements, the context in which the element is beneficial 

is an important prerequisite. Context is also an intrinsic 

part of the definition of beneficial elements: elements 

that stimulate growth, but are not ‘essential’, or are 

essential only for certain plant species, or under specific 

conditions (Broadley et al., 2012).  

In this author’s opinion, a broader definition of ‘plant 

nutrient’ will only help to better meet current and 
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future challenges when the guidelines (to be 

developed and regularly reviewed by an independent 

scientific body) also address, and are precise about, 

the context in which a certain element is proven to be 

beneficial or even essential. Inevitably, therefore, this 

is also likely to result in an increase in the complexity 

of the situations that need to be managed. 

For farmers it is already hugely challenging to fertilise 

according to the basic principles of crop nutrition; to 

supply crops with the right fertiliser at a right dose 

(balanced ratio of elements to meet crop needs and 

adapted to the soil’s potential to supply nutrients) at 

the right time and place to prevent losses, and under 

the right circumstances (e.g. soil pH, soil compaction). 

Farmers already face considerable complexity! 

Enabling farmers to cope with this complexity by the 

provision of clear crop nutritional guidance to farmers 

by extension services and communication channels is 

arguably one of the weaker links in the nutrient 

supply chain. The author sympathizes  with this view 

to the extent that this new definition of a plant nutrient 

could, for the best of reasons, further complicate the 

identification of appropriate nutritional guidance. 

This emphasizes the importance of the development 

and communication of clear and correct guidelines to 

ensure that farmers are correctly informed and focus 

on both the primary and secondary issues in the right 

proportionality to improve yield and quality with 

minimal losses to the environment. 

Developing the necessary guidelines will require the 

involvement of a coalition of supra-national bodies, 

with robust scientific input, to develop a workable 

basis for regulatory authorities, industry, and farmers’ 

advisors. A task, perhaps, beyond the scope of the IFS! 

But we can contribute in useful ways, by bringing 

together and disseminating knowledge from research, 

industry, and farmers’ practice. 
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The issues that exist in relation to 
accessing technical information 
about fertilisers and crop nutrition 

A report on Members’ views 

To be successful, any organisation providing a service 

needs to ensure that it is keeping up to date with the 

needs and preferences of its users. Accordingly the IFS 

Council felt that the 75th anniversary of the Society 

would provide an excellent opportunity to review 

these needs in relation to obtaining technical 

information about crop nutrition and fertiliser 

production. This is particularly important at a time 

when fertiliser production and crop nutrition are 

undergoing significant and disruptive change. All 

organisations will need to adapt, and the ability to 

prosper will be helped by understanding the nature 

and impact of this change on user needs, along with 

the opportunities and threats we may encounter. 

Methodology 

This exercise was approached in two different ways – 

an online survey, that all Members were invited to 

complete, along with a series of small online 

discussion groups. These latter were carefully 

structured to bring together participants who have 

different roles, are at differing stages of their careers, 

and are from different parts of the world.  

The questions posed to the discussion group 

participants were: 

• Within the aspects of fertilisation / crop nutrition 

where you operate, what are the key technical 

issues that need to be addressed?  

• For those areas that are important, what change is 

occurring? How significant / rapid / disruptive is 

this, and what is driving it? 

• What are the barriers to the dissemination, uptake 

and application of technical information? 

• What are the areas / issues for which the  technical 

knowledge needed to address them is most 

lacking? 

• Of the various ways in which technical knowledge 

can be communicated, which ones do you prefer, 

and which ones do you like least? 
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Similar questions were asked in the online survey. 

Technical issues that need to be addressed 

In relation to the key technical issues that need to be 

addressed, widespread views were the need to reduce 

environmental impacts (nutrient leakage, carbon 

footprint) whilst maintaining yield, and improving 

NUE. 

Other issues mentioned included the development of 

product and process innovations such as recycled 

materials, biologicals, green / blue ammonia, the 

diversion of ammonia to transportation industries, the 

need to cope with the impact of new regulations, and  

how to develop more integrated solutions across 

current ‘silos’ e.g. plant breeding vs crop nutrition, or 

NUE vs plant health. 

Drivers of change 

With regard to the degree of change being experienced, 

and what the drivers of this are, widespread views 

were that the primary drivers are social trends and 

regulatory pressures. The degree of change being 

experienced is significant and will be disruptive. 

Interesting comments made were that extension 

services / farmer support is the weakest link in the 

agricultural value chain (especially in developing 

countries), and that the demand for green ammonia 

from the larger and higher priced transport market 

could restrict fertiliser supply / force up the price of 

food. 

Barriers to overcome 

With respect to the barriers that exist to the 

dissemination, uptake and application of technical 

information there was a greater variance of views, 

with no one theme dominating. The most common 

issues mentioned was a lack of understanding (of the 

detailed science), a lack of integration / silo’ed 

thinking between academics / scientists, 

policymakers and practitioners, a lack of time to 

assimilate information and/or build networks, and 

that fertiliser production process licensors are 

powerful and limit the exchange of technical 

production information. 

Participants felt that barriers to dissemination are 

reducing - online is effective; but a lack of time to 

assimilate is an issue. A big issue is the academic : 

industry interface; too much research is wasted. 

There were also a variety of views on the areas / issues 

for which the  technical knowledge needed to address 

them is most lacking. Most commonly mentioned were: 

• What happens to nutrients in the soil? 

• How to manage rotations, improve soil quality / 

C, reduce fertiliser wastage? 

• Reliable data on the efficacy of biologicals and 

other novel products. 

• Efficient green production technologies. 

• How to improve the assessment of crop nutritional 

needs. 

There were two topics that were mentioned 

spontaneously in the groups, which were then 

explored further. The first of these was ‘where is the 

most interesting innovation happening?’ Various 

views expressed were: 

• Much product innovation is coming from non-

industry entrepreneurs in USA, Europe and Japan 

(rather than established industry or research 

institutions) e.g. robotics, soil assessment 

technology. 

• Much farming practice innovation is coming from 

universities and farmers themselves e.g. rotation 

experiments, building soil health, valorisation of 

organic material, carbon sequestration. 

• Interesting information innovation is coming from 

private sector online platforms. 

The second discussion topic that arose from the 

groups was whether or not the Society should 

experiment with more focused online event series 

which could lead to the development of ‘special 

interest’ communities within the Membership. Both 

advantages and disadvantages of such an approach 

were identified. 

Conclusions 

Distilling the main themes from the results, we have 

drawn the following conclusions. 

The primary issues driving demand for information 

are:  

• Nutrient Usage Efficiency improvement. 

• Other aspects of reducing environmental impacts 

whilst maintaining yields. 

• Coping with regulatory burden. 

• Evaluation / verification of novel products and 

materials. 
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The main ‘pain points’ that Members are experiencing 

with regard to obtaining the technical knowledge they 

need are: 

• Information overload. 

• Difficulty in sorting credible information from 

dubious. 

• Silo’d activity and lack of integrated thinking / 

solutions. 

• How to connect / network with relevant peers. 

• How to better bring together crop nutrition and 

fertiliser production people. 

With regard to the ways that Members like to access 

technical information, perhaps inconveniently, no one 

format of information suffices; different people prefer 

different formats, in different circumstances. 

However one common demand is to provide 

‘descending’ levels of detail, so that users could 

choose for themselves the level of detail to use. 

What next? 

This exercise has provided us with a coherent 

understanding of the issues that matter most to 

Members, as well as providing a range of specific 

suggestions to consider. When combined with what 

we see generally in the ‘world of crop nutrition’, this 

poses some interesting questions regarding the role 

and purpose of organisations such as the Society. 

In response, Council has decided to set up a working 

group to consider these issues in more detail and 

identify options for how the Society can continue to 

meet Members’ needs for accessible, relevant and 

credible technical information, as well as providing 

enhanced opportunities to interact.  Our intention is to 

complete this review in the early part of next year. 

If you would like to contribute further to this process, 

either by providing suggestions or comments on these 

findings, please send an email to the Secretary. 

 

 

 

 

 

 

Forthcoming IFS Conference 

2022 Agronomic Conference, 7-9 December 

Robinson College, Cambridge, UK 

Information and registration 

Forthcoming webinar 

Zoom into Soil, organised by the British Society 

of Soil Science, with support from the Society,  5 

October, 13.00 BST / 14.00 CEST 

Information and registration 

 

IFS Council members 

The current members of the IFS Council are: 

President 

Jan-Petter Fossum, Yara International, Norway 

Vice-president 

Anthony Zanelli, ICL Fertilizers Europe C.V., The 

Netherlands 

Marc Brouwer, Ureaknowhow.com, The 

Netherlands. 

Simon Inglethorpe, Fertilizers International, UK 

Wolfgang Hofmair, Borealis Group, Austria 

Fotini Giannakopoulou, Hellenic Fertilizer 

Association (SPEL), Greece 

Renske Hijbeek, Wageningen University and 

Research, The Netherlands 

Tiffanie Stephanie, Yara International, Belgium 

John Williams, ADAS, UK 

Debby van Rotterdam, NMI, Wageningen, The 

Netherlands. 
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