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HGCA’s grain sampling guide is assessed with respect to the principles for representative sampling as set forward in the Theory 
of Sampling (TOS). Sampling correctness, which requires the elimination of all Incorrect Sampling Errors (ISE), constitutes the only 
guarantee for valid, representative grain quality control; presence of ISEs causes a varying, uncontrollable sampling bias that cannot 
be corrected for. Contrary to a first superficial observation (“grain is grain”), many different species and varieties, as well as differences 
caused by soil types, availability of local nutrients, make “grain” a significantly heterogeneous commodity, which requires special 
attention when sampled at various process locations (from harvesting, storage until commercial intake). The present appraisal shows 
that most of the respected HGCA grain guide’s recommendations do not comply with TOS principles of sampling correctness. The 
suggested sampling procedures constitute major error potentials, which strongly compromise sample representativity.

Introduction

T
he “Home Grown Cereals Author-
ity” (HGCA) is a division of the “Agri-
culture and Horticulture Develop-
ment Board” (AHDB) based in the 

UK, which is mainly responsible for research 
and knowledge transfer in the cereal and 
oilseed sector. As a private entity, the board 
of the AHDB and HGCA consists of grower 
and processor representatives, respectively, 
with an aim to “deliver a world-class arable 
industry through independence, innovation 
and investment”.1 In 2013 the HGCA pub-
lished a guide on grain sampling to define 
key requirements for effective grain sam-
pling at various process locations from har-
vest, to storage until departure and arrival of 
the grain.2 Besides physical extraction of a 
grain “sample”, focus is also on monitoring 
moisture, temperature, pests and moulds, 
especially mycotoxins. The delineated sam-
pling practices must therefore ensure pro-
cedures that reliably are able to assess har-
vested grain quality, to protect this quality 
level throughout the storage phase as well 
as to determine quality level after storage 
(before transportation to buyer) and upon 
arrival at the buyer. For various commodi-
ties the latter two aspects (differences in 
quality level at departure vs quality level at 
arrival) have in the past caused major law 
cases, not seldom due to inappropriate or 
inadequate sampling procedures. Besides 
such discrepancies causing serious eco-
nomic disputes, extraction of representative 
grain samples is also crucial with regard to 
impurity detection (e.g. GMO quantification, 
toxins), as regulated by international stand-
ards (e.g. ISO 24276:2006).3

The following critical assessment of 
HGCA’s grain sampling guide serves to 

evaluate whether representative sampling 
as delineated fully in the “Theory of 
Sampling” (TOS) is guaranteed when 
applying the guide’s sampling procedures. 
Sample extraction, mass reduction and 
sample preparation are assessed for all 
process locations mentioned in HGCA with 
respect to the principles for representative 
sampling as set forward in TOS. All 
observed incorrect sampling errors are 
pointed out (incorrect delineation,—
extraction and—preparation), which all 
raise the potential for an uncontrollable, 
inconstant sampling bias, jeopardising 
sample representativity. The present 
appraisal follows the principles laid down 
in a similar endeavour regarding a new 
standard for sampling of biomass.4

Evaluation of suggested 
sampling procedures
Grain is a significantly heterogeneous com-
modity with a large amount of different vari-
eties. The grain sampling guide points out 
that grain quality might be further affected 
by variation in “soil types, local nutrient 
availability [...], sowing dates, hedge and 
boundary effects and late tillering”.2 Besides 
such variation during the growing phase, 
especially the moisture content is affected 
when the grain is harvested and delivered 
to the storage facilities, depending on the 
weather and drying conditions. Additionally, 
mycotoxins might have affected parts of the 
grain load. Once stored in heaps, drying 
procedures can further increase variations 
in moisture level. The guide suggests to 
separate grain lots in “similar quality” units 
of 100 t to decrease such variations, how-
ever, acknowledges that such strict separa-
tion of grain lots is not always possible due 

to storage and on- and offloading proce-
dures and conditions.

As a basis for the current appraisal Table 1 
compares definitions of the basic sampling 
terms as used in the guide opposed with 
TOS’ authoritative understanding of these 
terms, DS 3077.5

HGCA defines a representative sample, 
as a “final, well-mixed aggregate sam-
ple taken at one point in the grain chain”. 
While there are some agreements with the 
much more elaborate definitions in TOS, 
the scope and focus is alarmingly narrow as 
shall be demonstrated.

Besides lack of several basic sampling 
terms, it is highly noteworthy that the term 
“accuracy” is wrongly defined in the HGCA 
guide (sic). Accuracy is a property of the 
mean, while precision is a property of the 
variance (TOS). Increasing the number 
of samples (increments), as stated in the 
HGCA guide, can only increase the preci-
sion (by decreasing imprecision), but has 
no automatic influence on accuracy. Accu-
racy can in point of fact only be ensured by 
following TOS’ principles of sampling cor-
rectness, requiring that all bias-generating 
errors (termed “Incorrect Sampling Errors”) 
be eliminated, DS 3077.5 Furthermore, a 
correct (accurate) sampling process also 
needs to obey TOS’s “Fundamental Sam-
pling Principle” (FSP), which states that all 
units (particles, grains, fragments) in the lot 
must have an identical, non-zero probability 
of ending up in the final sample—implying 
that units not belonging to the lot must have 
a zero probability of being selected for the 
sample.5–8 For practical sampling the above 
must also hold for the operational unit, the 
“increment”. The FSP condition is missing 
entirely with HGCA.

Dear TOS Forum,

Thank you for publishing the recent critique of the HGCA Grain Sampling Guide, which 

raises some interesting and thought-provoking issues for anyone involved with practical 

on-farm sampling.

We thought it might be helpful for your readers to explain HGCA’s approach as set out 

in the Guide, which is focused on providing growers with a practical and cost-effective 

means of sampling—particularly at very busy times such as during harvest.

The methods outlined were developed to be suitable for growers in real, on-farm situa-

tions where time is constrained and resources are often limited.

The Guide was drawn up in close conjunction with the UK arable industry to reduce 

errors as far as practically possible and to provide growers with a realistic and basic level 

of information about the physical properties of their grain.

This information will help growers understand whether their grain meets contractual 

specifications on attributes such as moisture, protein levels, specific weight and Hagberg 

Falling Number.

The Guide’s working assumption is that these attributes will follow a normal distribu-

tion, so the protocol is sufficient to give a basic, but useful, level of information about the 

farmer’s crop.

In addition, grain coming from a single field can be regarded as reasonably homog-

enous because it is a single variety that has largely received the same agronomic manage-

ment and has been exposed to the same soil and weather conditions.

This context is somewhat different to the Theory of Sampling principles to which you 

compare the HGCA Guide. These principles are very rigorous and are more suitable for 

finding contaminants present at a low inclusion rate, and is not necessarily what is required 

on-farm.

All the information within the guide was written to adhere to:

• BS EN ISO 24333:2009 Cereals and cereal products – sampling

• BS EN ISO 542:1990 Oilseeds – sampling

Growers and the UK grain industry will continue to work towards the common objective 

of providing an improved understanding of grain quality which meets both contractual and 

due diligence requirements.

As the UK industry moves forward, HGCA will ensure its Grain Sampling Guide is 

reviewed regularly and we will continue to look at how issues such as those raised in your 

article can be better reflected in our on-farm advice.

Yours sincerely

Dr Dhan Bhandari (HGCA) and Dr Ken Wildey (Technology for Growth)
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