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Background 

The Agronomic Case for Polyhalite by ADAS UK Ltd, 8 April 2014 (The ADAS Report), was commissioned by 

Sirius Minerals PLC as part of their submission for extracting polyhalite from underground deposits using 

access from works in the North York Moors National Park. 

 ADAS were charged with writing an independently peer-reviewed report which provides a scientific 

basis for the agronomic case for Polyhalite and a response to agronomic criticisms of previous submissions. 

Topics covered included; 

i. An assessment of crop fertiliser needs for the constituents of polyhalite; potassium (K), sulphur (S), 

magnesium (Mg) and calcium (Ca), including alternative sources (e.g. atmospheric deposition and 

organic amendments) 

ii. A review of existing scientific papers investigating Polyhalite as a plant nutrient source 

iii. Clarification of Polyhalite’s physical characteristics (pH influence, salt index, macro nutrients and trace 

element contents, solubility and availability of nutrients) 

iv. A review of Sirius Minerals sponsored research and independent assessment of the results. 

v. A consideration the suitability of crops, with worked examples of how Polyhalite could fit into a crop 

nutrient plan. 

  



 

Purpose of this letter 

• To respond to documented questions raised regarding the ADAS report.  

• To utilise the opportunity to correct any factual errors. 

• To assist in evaluation of the ADAS report and its function in assessing the agronomic case for 

Polyhalite 

 

Scope 

Comment shall be restricted to the review written by Mr A. E. Johnston (referred to as AEJ from this point 

onwards) and data contained therein. 

  

Background 

AEJ reviewed the ADAS report assessing the agronomic case for the use of Polyhalite as a fertiliser based on 

his experience as a research scientist specialising in soil fertility and crop nutrition. 

AEJ had access to raw data to verify the statistical appraisal and conclusion reached by the ADAS team in 

their evaluation of the Sirius Minerals sponsored experiments at University of Durham, Texas A&M , 

University Florida ad Shandong Agricultural University. 

ADAS accept the candidacy of AEJ to comment on the agronomic aspects of the document as a respected 

scientist in the area of crop nutrition. However, it would be appropriate for a fertiliser industry expert to 

comment on marketing and marketing aspects of the ADAS report. 

 

Positive conclusions from the AEJ review 

“Polyhalite is a naturally-occurring mineral that contains four nutrients, potassium, sulphur, magnesium and 

calcium which are required for growth by plants” and “there will be an increasing demand for sulphur 

fertilisers globally”. 

Regarding the Polyhalite properties subsection, the AEJ review found “nothing in this subsection with which I 

would disagree”. This subsection included i) all nutrients contained within Polyhalite are soluble and readily 

available for plant uptake, ii) had no measurable effects on soil pH and iii) has a lower salt index than 

muriate of potash.  

With respect to the Sirius Minerals funded experiments the comment was made “Polyhalite did increase 

plant growth of a wide range of crop species when compared with the control/check plot, except when the 

soil used on the control plot contained adequate potassium. Polyhalite would not be expected to have a 

negative effect on growth”.  

  

  



 

General Issues 

The tenor of the AEJ report was that “... using Polyhalite as a straight fertiliser or as a component of a blend 

must rest on well-proven evidence that it offers benefits, in terms of growth and crop yield, over and above 

those given by the simple fertiliser materials supplying the same four nutrients either as straight fertilisers or 

as components of a blend”. ADAS UK Ltd disagrees with this statement. ADAS UK Ltd and the ADAS report 

review board believe that Polyhalite does not require any unique properties, above that of its plant available 

nutrient content, to be a successful fertiliser product.  

The AEJ report concludes that most of the case presented by the ADAS report emphasises the use of 

Polyhalite as a fertiliser supplying potassium, i.e. as a potash fertiliser. This is not the case as the ADAS 

review is divided into sections covering all four Polyhalite nutrients, all of which are important for crop 

growth. 

There was criticism that Polyhalite will not provide the correct balance of nutrients (e.g. not enough K for 

oilseed rape). However no multi-nutrient fertilisers can supply the ideal balance of nutrients for all crops – 

which is why a range of fertilisers are typically used in practice to provide the correct balance of nutrients. 

The validity of pot experiments was commented upon. It is recognised that pot experiments are very 

different to field conditions. However, the pot experiments do demonstrate that the nutrients within 

Polyhalite are readily available for plant uptake. 

  



 

Specific issues 

Page 

Number 

Comment 

2 • “I cannot see any farmer buying a fertiliser containing nutrients that are not 

needed to supplement the supply that already exists in the soils on the farm, 

especially in the current economic climate”. 

• Agreed. There is no recommendation in the ADAS report to suggest this. No 

fertiliser is a perfect fit to match the deficit between soil supply and crop 

demand. Farmers face a similar issue with other fertilisers (e.g. Keiserite used to 

supply sulphur will generally supply more magnesium than required by the 

plant). Polyhalite will be included in appropriate fertiliser blends to match 

nutrient supply to crop demand as accurately as possible for a range of soil 

nutrient status situations 

4 • “The ratio in polyhalite compared to that in crops shows that polyhalite contains 

too much sulphur and calcium and too little potassium. 

Consequently, if polyhalite is used as the sole source of potassium the amount 

of polyhalite required to supply this amount of potassium adds far too much 

sulphur and calcium and only about the right amount of magnesium”. 

• See above comment. This aspect of matching the product to the crop demand 

was thoroughly evaluated in the CRU 2014 report, market assessment, this 

aspect was further evaluated using another methodology by the FERTECON 

2015 report.  

5 • “…the York Potash case for mining polyhalite in the NYM NP is its importance as 

a fertiliser and yet no conclusive evidence for any unique property has been 

shown in the experiments commissioned by Sirius Minerals”. 

• The purpose of the ADAS report was to provide an evidence-based review of the 

agronomic case for Polyhalite. Polyhalite has been shown to be an 

agronomically important fertiliser. There is no requirement, nor claim, that 

Polyhalite should possesses any unique properties over and above other 

fertilisers. 

 

5 • “…...polyhalite has a potential advantage over muriate of potash (MOP, 

potassium chloride) when used on crops that are sensitive to chloride.” Yet MOP 

has been used in increasingly large amounts during the last 150 years suggesting 

that “chloride sensitivity” while it exists in some crops, especially under certain 

conditions, including drought, is not a serious issue for many growers. 

• Chloride sensitivity is a real issue for some crops. Limits for chloride content in 

fertilisers are recognised for some crops. Crops such as tobacco have NPKS 

blends made from MOP and SOP in order to adhere to these limits. . In addition 

muriate of potash applications can affect crop quality. E.g. Defra’s Fertiliser 

Manual (RB 209) states that ‘Large amounts of potash can sometimes reduce 

potato tuber dry matter content. Where this occurs the decrease may be 

smaller when muriate of potash (MOP, potassium chloride) is replaced by 

sulphate of potash (SOP, potassium sulphate).’ 

7 • “…output from a new mine proposed by York Potash will be exported with an 

associated environmental cost”. 



 

• Environmental impacts were not part of the agronomic case reported by ADAS. 

However, the same comment can be levelled at other widely exported fertiliser 

products such as MOP, triple super phosphate (TSP) and urea. 

• 3.1.4. Potash use by crops. “……and consequently the inference would be that 

new sources of potash are not required”. 

• Table 3 (ADAS report) presents actual application of potash to crops (Heffer, 

2013). Actual potash applications may well be less than the optimum rate. This 

coupled with a predicted growth rate in potash use of 3% p.a. indicates that 

demand is likely to increase to match the increasing demand for foof from a 

growing world population and it will be prudent to plan for future capacity now. 

A thorough review of market potential was undertaken by CRU 2014 , reviewed 

by FERTECON 2015, specialists in this area of work. 

8 • 3.2.5. Sulphur use in UK. Detailed discussion of what has happened in UK is 

interesting but hardly applicable to a world scenario. 

• Its inclusion is a fair representative model particularly for moderate or high 

yielding farming systems, but it is accepted that local condition will modify 

specific outcomes.  

9 • If calcium is required fertilisers like calcium nitrate, 29% CaO, and single 

superphosphate, 28% CaO, contain more calcium than polyhalite 17% CaO. On 

acid soils, Gafsa rock phosphate, 32% CaO, is a useful source of calcium. 

• There are several crops (e.g. apples, beans, cabbage, carrots, tomatoes) and 

locations around the world (e.g. Brazil) where calcium bearing fertiliser have high 

value. Polyhalite, incorporated into a multi-nutrient fertiliser plan, is a fertiliser 

option to satisfy any requirement for calcium, as well as delivering other 

important nutrients. 

Section 5 • The status of control / check treatments in trial design 

• All trial treatments were balanced for N and P throughout (see section 4.2.1), 

included a control ”soil N+P” treatment which was effectively a zero K with N&P 

fertiliser treatment. Further, some trials also had a control (soil alone) 

treatment, that had zero fertiliser (without N, P or any K fertiliser). Statistics 

were run as a two way analysis of variance plus either one control (no K fertiliser 

product) or two controls (no K fertiliser product and no N or P fertiliser). The 

main treatment factors of the analysis were K fertiliser product and K fertiliser 

rate. The statistical output was used to evaluate whether the K fertiliser 

increased plant growth compared with the control treatment with N and P 

fertiliser. Thus, all the data in tables 9, 10 and 11 were in the presence of N and 

P fertiliser so that the effects on plant growth caused by fertiliser products 

must be attributable to the nutrient content of the fertiliser in question.  In no 

case did Polyhalite treatment result in a significantly lower plant growth rate 

than either control treatment. 

 

• “…although there was a “control” or “check” treatment in each experiment it is 

not always clear whether this treatment was with or without nitrogen and 

phosphate, and this will affect the size of the measured response to potassium. 

See Section 5.2.2 for comments on experimental techniques in relation to the 

quality of the results and Appendix A4. In many cases the yield on the control 

treatment was so small that it can be assumed that nitrogen and phosphate at 



 

least were not added to the growing medium (sometimes soil, sometimes sand, 

sometimes both) in which the plants were grown in the control treatment”. 

• Reiterate above comment that all data in tables 9, 10 and 11 were in the 

presence of N and P fertiliser so that any effects on plant growth caused by 

fertiliser products must be attributable to the nutrient content of the fertiliser in 

question. 

• On low potassium soil such as Florida, Woburn and Nafferton, which were N and 

P balanced, the low yield in the control indicates K is the limiting factor. Equally 

trials on a high K bearing soil permit an evaluation of the benefits to the crop 

from nutrient components other than potassium namely calcium, sulphur and 

magnesium. 

• Data availability 

• The Data Room is a provision to make information available in a format such 

that over typing or modification is not possible. Data was provided so that the 

statistical analyses undertaken by ADAS could be verified and the conclusions 

ratified. 

• The fact there were no fully balanced trials 

• In glasshouse studies at Durham University the “chem” treatments were 

artificial replication of ALL the nutrients in Polyhalite in the correct proportions. 

Comparison against this option is a fully balanced assessment which would 

indicate the value of all the nutrients supplied at the same rate as Polyhalite. In 

the Texas A & M trial “blend” was an artificial calcined Polyhalite (CPH)  

equivalent made from commercial fertilisers; effectively a fully balanced 

comparison. 

• “ADAS notes that ..…although the potash content of the fertiliser applications 

(i.e. those tested in these experiments) was usually equivalent for each fertiliser 

added, the fertilisers almost always differed in the content of other nutrients… 

Therefore, the differences observed may not necessarily be the result of greater 

potash availability for plants, but instead may be related to the availability of 

one or more of the other nutrients.” 

• Trials were always NPK balanced but not all comparisons were balanced for S, 

Mg and Ca. The “un-balanced” treatment comparisons undertaken at Durham, 

Texas, Florida and Shandong provide a useful whole product comparison which 

demonstrate that the nutrients supplied by Polyhalite are plant available. 

• Comments on units of crop growth 

Treatment effects on saleable yield components were indeed presented as 

tonnes per hectare to provide units that readers were more familiar with. It 

should be recognised that changes in units will not affect the statistical analysis.  

• Relevance of root growth 

We argue that effects of fertiliser products on root growth are highly relevant as 

greater rooting is likely to lead to greater capture of water and nutrients.  

 

• It should be recognised that Tables 1 and 2 are incomplete and have 

inaccuracies. Table 1 is missing the control treatments and has no allied 

statistical information. Table 2 presents an average across N treatments, but this 

is not appropriate where there is a significant interaction between the N rates 



 

and fertiliser products as was the case for the Florida Corn 2 trial. Table 2 

incorrectly lists peanut seed weight as a blend trial.  

 

20 • In Section 5.2 “Global Crop Production” it is noted that “nutrient offtake 

provides the most appropriate guide to fertiliser requirement”. This statement is 

not correct because, and especially for potassium, many crops contain much 

more nutrient at the most active periods of growth than is removed in the crop 

at harvest. 

• The appropriate level of potassium in the soil is maintained by applying the 

amount removed by the crop (with adjustments where the soil level is already 

too high or low). So to make a global assumption it is very reasonable to use the 

amount removed by the crop as a guide to the amount that should be applied. 

The extra K taken up in the non-harvested portion of the crop is normally 

returned to the field directly or indirectly. This is the basis on which the UK 

Defra RB209 Fertiliser Manual works. 

23 • “ It is my belief that it would be better to make NPK blends from muriate of 

potash and another source of sulphur where it is needed rather than use a 

combination of polyhalite and muriate of potash”. 

• This is not an argument against using Polyhalite as a sulphur source in blends. 

Agronomically including Polyhalite in fertiliser blends is a viable option. 

• ‘…too little potassium…’  

• This is subjective, other examples exist. Calcium Ammonium Nitrate (CAN) is still 

traded and used as an N source but it contain less N than urea. 

• “The ratio of the four elements in polyhalite is not the ratio required by plants 

growing in the field…” 

• There never will be a “correct ratio” for the plant needs. Different crop needs in 

different environments have to be satisfied using available fertiliser materials. 

We do that successfully with many current multi-nutrient fertilisers; SOP, SOPM, 

DAP, SSP, kieserite, CAN etc. Polyhalite is a valid fertiliser option. 

• It is suggested that polyhalite could be used to supply sulphur for those crops 

which require large amounts of sulphur like oilseed rape and onions. But these 

crops have a large requirement for potassium also and if polyhalite is used an 

additional source of potassium has to be added 

• The fact that there are good agronomic reasons why splitting an S source from 

the N source is beneficial has been ignored. There commonly are occasions in 

the spring when it is ill advised to stimulate a larger canopy on an OSR crop with 

additional N fertiliser and therefore the ability to supply S is usefully decoupled 

from N. Autumn leek crop again would benefit from K and S application without 

N in the autumn. 

Appendix 

4.2 

• Nearly all the experiments undertaken for Sirius Minerals compare polyhalite 

and muriate of potash as sources of potassium and ignore the essential need for 

a “level playing field”. Although nitrogen and phosphate may have been added 

to all pots or occasionally plots, equivalent amounts of sulphur, magnesium and 

calcium to those in polyhalite have not been added to the pots/plots treated 

with muriate of potash. Under these conditions, if the yields with polyhalite are 

larger than those with muriate of potash the increase in yield would most likely 

be due to the sulphur and/or magnesium added in the polyhalite. 

• Comparing Polyhalite against “Chem” and ”blend” (Texas)  are fully nutrient 

balanced trials. Comparing Polyhalite against SOP is leaving the response 



 

difference to be attributed to Ca and Mg supplied by Polyhalite. Comparing 

Polyhalite to SOPM permitted attribution of the difference in response to the 

calcium supplied by Polyhalite. Fertiliser product comparison based on their 

inherent nutrient contents is also a highly relevant from a field practitioner’s 

perspective. The experiments were scientifically sound and with appropriate 

interpretation provide valuable evidence about the agronomic value of 

Polyhalite.    

Addendum AEJ agrees with the ADAS report that Polyhalite will increase plant growth when 

nutrients are limiting ‘I have not included the yield on the control plot because all 

three potash fertilizers increased plant growth of a wide range of crop species 

when compared to the yield on the control/check plot, except when the soil used 

on the control plot contained adequate potassium. Polyhalite would not be 

expected to decrease yield compared to that given on the control treatment.’ 

Addendum AEJ concludes ‘When presented accurately and simply as in this Table it is clear 

that polyhalite gave appreciably the same yield as MOP or SOP in all the 

comparisons. Where MOP gave a smaller yield than polyhalite it was SOP that 

gave the same yield presumably because there was a deficiency of sulphur which 

was made good by the sulphur in polyhalite and SOP.’ This is a very similar 

conclusion to ADAS Report Table 11 which compares the treatments effects for 

the experiments which measured the yield component of the plant. ADAS Table 

11 shows that Polyhalite gave same the yield as MOP in 5 of 6 experiments and 

significantly greater yield than MOP in 1 of 6 experiments (potatoes). Polyhalite 

gave same yield as SOP in 4 of 6 experiments, greater yield in 1 experiment and 

smaller yield in 1 experiment. The yield advantage of Polyhalite over MOP in the 

potato experiment may have been due to the chloride content of MOP or the 

greater S in Polyhalite. 

 

  



 

Conclusions 

There is a global demand for the nutrients contained within Polyhalite (potassium, sulphur, magnesium and 

calcium) and that this demand is likely to increase (e.g. due to declining sulphur deposition and increased 

demand for food). 

Polyhalite experiments were undertaken in a wide range of soil nutrient levels for potassium from 4 to 510 

ppm, for magnesium from 7 to 405 ppm, for soil sulphur from 4 to 188 ppm and calcium from 69 to over 

6000 ppm. The experiments were statistically analysed using appropriate methods. These experiments 

showed that Polyhalite nutrients are available for plant uptake and increased plant growth where the soil 

nutrient supply was limiting. This was shown across a wide range of environments and crop species. 

Polyhalite does not require unique properties, over and above those of its constituent plant available 

nutrients, compared with other fertilisers to be an agronomically useful fertiliser. It therefore has important 

uses as both a straight fertiliser and as part of a blended fertiliser product. The agronomic case for Polyhalite 

as a multi-nutrient fertiliser is sound. 
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