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ABSTRACT

There is a generally recognized problem in 
the purity testing of certain native species in 
the Asteraceae family.  The focus of this 
paper is to identify the problem starting with 
the history of the “Pure Seed Unit” (PSU) 
definitions for Asteraceae in the Rules for 
Testing Seeds of the Association of Official 
Seed Analysts (AOSA).  The current AOSA 
Rules are compared to those of the 
International Seed Testing Association 
(ISTA) as well as the Canadian Methods and 
Procedures for Testing Seed.  Examples and 
special problems in testing native Asteraceae 
species are presented.  Finally, ideas for new 
Asteraceae PSU are introduced.



Seed Unit of Asteraceae

The typical seed unit of the Asteraceae 
(Compositae) is the achene, a one-seeded, 
indehiscent fruit.  The pericarp is strongly 
developed and often resembles a seed coat 
in structure; the seed coat and endosperm 
are much reduced or absent.  (Figure 1).

Figure 1 – Typical 
Asteraceae seed unit



History of Pure Seed Unit Definition of Asteraceae in 
the AOSA Rules

In order to understand why the current pure seed unit 
definitions for Asteraceae are in today’s AOSA Rules, it is 
helpful to look as far back as the 1950’s.  The following is an 
excerpt from the Manual for Testing Agricultural and 
Vegetable Seeds, Agricultural Handbook No. 30 (1952):   

Empty Fruits of the Composite Family
“Although it appears logical that the one-half seed rule 
should prevail in testing seeds of chicory, endive, lettuce, 
and sunflower this procedure is not of practical application …  
The true seed may or may not form inside the fruit and it is 
not feasible to make this determination for all seeds …  The 
filled and empty fruits do not separate in blowing and it 
would be impractical to open each fruit to determine its 
content.  All of these whole fruits are considered to be pure 
seed or crop seed as the case may be.”



In the 1955 AOSA Rules for Testing Seeds, 
the definition for kind or variety considered 
pure seed was stated as follows:

2.7e.  “Empty fruits (seed units) of species 
belonging to the following families:  
Sunflower (Compositae) … and other families 
in which the seed unit may be a dry, 
indehiscent, one-seeded fruit.”

At that time (1955), there were only eight 
species of Composites listed in the AOSA 
Rules for both purity and germination:  
artichoke, cardoon, chicory, dandelion, 
endive, lettuce, salsify and sunflower (Figure 
2).  It is notable that all of these species had 
been cultivated for centuries, were generally 
always highly milled, and had thick, opaque 
fruit walls.  The 1955 Rules also included 
tentative purity and germ methods for 
safflower, as well as tentative germination 
methods for 26 Composite flower species. 

Figure 2 – The original 
8 species listed in the 
AOSA Rules.



By 1960, AOSA added seven more species of Composites for germination 
only, making a total of 36 flower species and 10 agricultural/vegetable 
species.  

In 1965, the “Tree and Shrub” species were added to the AOSA Rules for 
purity and germination, and four more flower species of Composites were 
included. By 1991, the AOSA Rules listed 32 species of Asteraceae for purity 
instructions, and 70 species for germination.  

The 1991 definition for “kind or cultivar considered pure seed” read as 
follows:

2.7f. “Intact fruits, whether or not they contain a seed, of species 
belonging to the following families:  sunflower (Asteraceae) … and other 
families in which the seed may be a dry, indehiscent one-seeded fruit.” 

At this time, it was generally accepted that this definition of the pure seed 
unit applied to any species of Asteraceae, whether or not it was listed 
specifically in the AOSA purity or germination tables. 

In 1997, the purity and germination tables were condensed into one each.  
(Previously, there had been four tables each:  agricultural, vegetables and 
herbs, flowers, and trees and shrubs.)



In 2002, AOSA adopted a new format for “pure seed unit” (PSU) 
definitions, patterned after the ISTA system of pure seed 
definitions.  Figure 3 shows the two PSU definitions (27 and 28) 
that are applicable to the Asteraceae species currently listed in the 
purity table of the AOSA Rules.

The current (2004) AOSA Rules list 90 species of Asteraceae for 
purity and/or germination.  Thus, the basic pure seed unit 
definition developed long ago for eight highly milled, highly 
cultivated species is still basically in use for the myriad species that 
we test today, many of which are not highly cultivated or highly 
milled.  In fact, at Ransom Seed Laboratory (Carpinteria, 
California), more than 160 native species of Asteraceae are 
currently being tested.  Of these, only 33 species are even listed in 
the currently AOSA Rules at all.  These native species are not really 
comparable to the “original eight”.  Moreover, if analysts are using 
AOSA Rules as a guideline for species of Asteracee not in the Rules, 
they must choose between PSU 27 and 28 when determining the 
pure seed unit.  It is apparent that there is a need for one or more 
new pure seed unit definitions for some of these species.  



PSU 
Number

Description of Pure Seed Unit

27 Intact achene whether or not a seed is present.
Piece of broken achene larger than one-half of the original size, unless 
no seed is present.
Seed, with or without pericarp/seed coat.
Piece of broken seed, with or without pericarp/seed coat, larger than 
one-half the original size

28 Intact achene, whether or not a seed is present, with or without one or 
more of the following structures:  beak, bristle, hairs, pappus, or wing.
Piece of broken achene larger than one-half of the original size, unless 
no seed is present.
Seed, with or without pericarp/seed coat.
Piece of broken seed, with or without pericarp/seed coat, larger than 
one-half the original size.

Figure 3 - 2004 AOSA Rules:  PSU for Asteraceae



Comparison of AOSA Rules with ISTA and Canada

On searching for alternative ideas for pure seed unit definitions it might 
be useful to compare AOSA Rules with those of other seed testing 
organizations.  As mentioned earlier, the current AOSA pure seed unit 
definitions for Asteraceae (PSU 27 and 28) include the wording “Intact 
achene, whether or not a seed is present …”    In contrast the pure seed 
definitions used by ISTA (1999) for Asteraceae (PSD 1, 4, 5, 8, 9 and 26) 
use the wording “Achene … unless it is obvious that no seed is present …”  

There  is an important distinction between these two approaches to seed 
unit definition.  ISTA appears to allow the analyst to place obviously 
empty seed units with the inert portion, while analysts using AOSA Rules
must place all intact fruits with the pure portion, regardless of the fact 
that they are obviously empty.  It is important to note that seed lot 
samples of many of the native Asteraceae species contain large numbers 
of these obviously empty seed units, and whether an analyst places 
these units with the pure portion or with the inert portion can have a 
significant impact on both the purity and the germination results of any 
seed analysis of these species.



However, the ISTA pure seed definitions are not a perfect solution to 
the problem.  Unfortunately, in the ISTA Rules regarding the 
separation of pure and inert the following instructions are written:

3.5.2.A  Separation

1.  “All families except Poaceae (Gramineae).  Achenes, schizocarps 
and mericarps, other fruits and seeds are to be examined 
superficially only, without the use of pressure, magnification*, a 
diaphanoscope or other special equipment.  If it is obvious on such 
an examination that there is no seed in the structure, it is to be 
regarded as inert matter.”

*Note:  In April 2005, the ISTA membership voted to remove the 
word “magnification” from these instructions.



A comparison of Canadian Methods and Procedures (1997) reveals an 
interpretation of pure seed definitions very similar to that of ISTA:

3.22.  Pure Seed Definitions
b.“Achenes and similar fruits, schizocarps and mericarps with or 
without perianth and regardless of whether they contain a true seed, 
shall be considered pure seed unless it is readily apparent that no 
true seed is present.

(The term “readily apparent” shall be interpreted to mean that the 
purity analyst should not use a diaphanoscope, stereoscopic 
microscope, hand lens, pressing or other special equipment or means 
to detect whether true seeds are present.)”

In other words, strictly using ISTA or Canadian pure seed unit 
definitions may not solve the problem of obviously empty achenes in 
many of the native Asteraceae species, mainly because it is very 
difficult to separate pure and inert of very small-seeded, unmilled 
samples typical of these species without the use of a diaphanoscope, 
slight pressure, or magnification.



Examples of Native Asteraceae Species Currently Being 
Tested in the Laboratory

As mentioned previously, Ransom Seed Laboratory tests over 160 
species of native Asteraceae.  Table 1 lists several of these species.  
It is important to note the relatively low average percent pure seed 
of most of these examples.  

Figures 4 – 12 illustrate the nine species listed in Table 1.  Achillea 
millefolium (Figure 4) and Coreopsis tinctoria (Figure 5) are 
examples of native Asteraceae species listed in the AOSA Rules, for 
which the current PSU 27 and PSU 28 work quite well for the lots 
being tested.  

However, the other seven species included (Figures 6 – 12) illustrate 
the problems when analysts attempt to use PSU 27 or 28 for these 
species.   

Figures 6 – 8 depict species currently listed in the AOSA Rules, while 
Figures 9 – 12 are native species not included in the Rules.



Table 1:  Examples of Native Asteraceae Species
being tested at the Ransom Seed Lab:

Species # Samples Avg. % Pure

Achillea millefolium (PSU 27)* 19 82.76

Artemisia tridentata (PSU 27)* 36 13.06

Coreopsis tinctoria (PSU 28)* 14 90.26

Encelia californica 114 32.17

Eriophyllum confertiflorum 95 35.49

Gazania rigens (PSU 28)* 184 81.19

Hemizonia fasciculata 45 29.01

Lasthenia californica 57 49.79

Layia platyglossa (PSU 28)* 41 62.46

* Listed in AOSA Rules



Figure 4 - Achillea millefolium – Common Yarrow

 PSU 27 works well for this species.

 Photographed using transmitted light (diaphanoscope).



Figure 5 - Coreopsis tinctoria – Plains Tickseed

 PSU 28 works well for this species.

 Photographed using top light.



Figure 6 - Artemisia tridentata – Big Sagebrush

 Problem:  PSU 27 doesn’t work as well for this species –
attached floral parts, obviously empty achenes.

 Photographed using transmitted light (diaphanoscope).



Figure 7 - Gazania rigens – Pied Gazania (Syn. G. splendens)

 PSU 28 okay, except that there are many obviously unfilled achenes                          
(use of slight pressure is helpful).

 Photographed using top light.

 Note:  This species is native to South Africa.



Figure 8 - Layia platyglossa – Tidy-tips Daisy

 PSU 28 okay for disk achenes, but ray achenes have problems                                               
with tightly adhering phyllaries and empty achenes.

 Dimorphic (ray and disk achenes).



Figure 9 - Encelia californica - Encelia

 Samples contain many translucent, obviously empty achenes.

 Photographed using transmitted light (diaphanoscope).



Figure 10 - Eriophyllum confertiflorum – Golden Yarrow

 Samples contain many translucent, obviously empty achenes.

 Photographed using transmitted light (diaphanoscope).



Figure 11 - Hemizonia fasciculata - Tarweed

 Dimorphic (disk and ray achenes).

 Photographed using transmitted light (diaphanoscope).



Figure 12 - Lasthenia californica – California Lasthenia

 Problem with many, obviously empty achenes and attached floral parts.

 Photographed using top light.



Layia chrysanthemoides

 This species is often misidentified in the trade as Layia platyglossa.



Problems in Testing Native Asteraceae Species

As mentioned briefly, Artemisia 
tridentata (Big sagebrush) is an 
example of a native species - listed in 
the AOSA Rules for both purity and 
germination – which presents testing 
problems.  This species is a native 
shrub commonly occurring on dry 
soils of valleys and slopes in the 
western United States.  The pure 
seed unit definition listed for 
Artemisia tridentata in the AOSA 
Rules, PSU #27, does not work well 
for this species.  Part of the problem 
is that many of the seed units have 
attached floral remnants which are 
tedious to remove, and many lots of 
this species include obviously empty 
achenes.

Example:  Artemisia tridentata
(Big sagebrush)



In 2003, the AOSA commissioned an 
Artemisia Seed Testing Workgroup to 
work on some of the problems 
encountered for this species.  The 
group met in Salt Lake City Utah on 
March 26-27, 2003.  The group came 
up with a list of recommendations 
including harvesting, conditioning 
standards and methods, sampling, 
testing, and seed laws/end user 
requirements.

2003   Artemisia Seed Testing Workgroup

Artemisia tridentata



In 2004, the subject of the joint AOSA/SCST (Society of Commercial 
Seed Technologists) referee project for the Southwest (Region IV) 
was Artemisia tridentata. The three purposes stated for this referee 
project were 1) to compare ISTA and AOSA definitions for Artemisia 
pure seed; 2) to assess consistency of Artemisia pure seed 
determination among labs; and 3) to assess consistency of Artemisia
PLS (pure live seed) determination among labs.  Two lots were 
sampled and sent out to labs.  The results from 14 participants were 
presented at the June, 2004, annual AOSA/SCST meeting in Tunica, 
Mississippi.  The report stated the results in part as follows:

“Using a 5% probability of error, statistically significant differences 
were only found in PSU results for sample 2.  AOSA and ISTA results 
were not significantly different for any other test on these two 
samples …”

“It is possible that insufficient sample sizes were tested to examine 
this issue adequately.  However, larger sample sizes would likely 
reduce participation.  It is unclear whether the wording for ISTA pure 
seed would improve consistency of pure seed determination.”



Ideas for New Asteraceae PSU

Since 2003, analysts and other people familiar with Artemisia tridentata
have continued to work on the testing problems of this species.  In 2003, 
Annette Miller of the Colorado State University’s National Seed Storage 
Laboratory proposed the following idea for a new pure seed unit 
definition specifically for Artemisia tridentata:

“PSU #49”:

“Intact achene unless, with the use of transmitted light, it is 
obvious that no seed is present.  Achene with or without attached 
floral remnants.  Piece of broken achene larger than one-half of the 
original size, unless no seed is present.  Seed, with or without 
pericarp/seed coat.  Piece of broken seed, with or without pericarp/seed 
coat, larger than one-half the original size.”



As a participant in the 2004 Artemisia 
referee, as well as a Registered Seed 
Technologist familiar with the testing of 
many native Asteraceae species, the author 
of this paper recognizes the need for 
developing new PSU definitions for some of 
these species.  

It may be helpful to use the current PSU 
definitions for Poaceae (grass family) 
species listed in the current (2004) AOSA 
Rules as a model.  These include PSU# 12, 
13, 14, 15, 16, 17, 18, and 22.  All of these 
PSU definitions include the following 
wording:

“… provided a caryopsis with some degree 
of endosperm development can be detected 
(either by slight pressure or by examination 
over light).”

Examples of 
Poaceae caryopses



It is important to note that in the AOSA Rules, only members 
of the Poaceae family can be examined in this manner when 
determining the pure seed.  However, it may be helpful to 
use a similar method for examining members of the 
Asteraceae family.
The following are suggestions for two new PSU definitions for 
Asteraceae, patterned after the existing PSU definitions for 
the Poaceae and Asteraceae in the AOSA Rules:



a. Intact achene, provided a true seed with some degree of 
embryo development can be detected (either by slight 
pressure or by examination over light). Piece of broken achene 
larger than one-half of the original size, unless no seed is present.  
Seed, with or without pericarp/seed coat.  Piece of broken seed, with 
or without pericarp/seed coat, larger than one-half the original size.

b.  Intact achene, with or without one or more of the following 
structures:  beak, bristle, hairs, pappus, wing or attached 
floral remnants, provided a true seed with some degree of 
embryo development can be detected (either by slight 
pressure or by examination over light).
Piece of broken achene larger than one-half of the original size, 
unless no seed is present.  Seed, with or without pericarp/seed coat.  
Piece of broken seed, with or without pericarp/seed coat, larger than 
one-half the original size.



CONCLUSIONS

The current PSU definitions for Asteraceae 
evolved from highly milled samples of the 
original eight species in the AOSA Rules for 
Testing Seeds.  For these species it was only 
practical to consider intact whole fruits to be 
the pure seed unit.  However, there are now 
at least 90 species of Asteraceae listed in 
the current (2004) AOSA Rules.  In addition 
AOSA, ISTA, and Canada have differing pure 
seed unit definitions for Asteraceae  Samples 
of many native species currently being 
tested in the laboratory are generally not 
highly milled and pose special purity 
problems.  Several groups have recently 
been working on problems with one species 
in particular (Artemisia tridentata).  Ideas 
for new Asteraceae PSU need to be tested by 
setting up referees on native species, 
especially those listed in the AOSA Rules.
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