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Rules Change Proposal – 1 
 

Purpose of Proposal: To clarify the directions in the Rules for the alternate planting 
method for pelleted or film-coated onion seed. 
 
 
Present Rule: 
 
6.8 Special procedures and alternate methods for germination 
 

r.  Onion (Allium cepa). – Alternate planting method for chemically treated and pelleted or film-
coated onion seed when phytotoxicity is suspected in a standard germination test: Prepare 
organic growing media by combining fine (#3) vermiculite, dry peat moss and water at a 
1:1:4 ratio. Mix planting substrate thoroughly to ensure media is adequately moistened. Plant 
seeds on paper toweling (T; see Section 6.9 a), cover evenly with prepared mixture. Fold and 
roll toweling. Germinate at 20°C for 10 days. 

 
 
Proposed Rule: 
 
6.8 Special procedures and alternate methods for germination 
 

r.  Onion (Allium cepa). – Alternate planting method for chemically treated and pelleted or film-
coated onion seed when phytotoxicity is suspected in a standard germination test: Prepare 
organic growing media by combining fine (#3) vermiculite, dry fine peat moss and water at a 
1:1:4 ratio by weight. Mix planting substrate thoroughly to ensure media is adequately 
moistened. Plant seeds on moistened paper toweling (T; see Section 6.9 a), cover evenly with 
prepared mixture (approximately 100 to 150 grams per replicate). Fold and roll toweling. 
Germinate at 20°C for 10 days. 

 
 
Harmonization: 
Organic growing media is currently specified in the ISTA Rules for use in the testing of 
sunflowers. There is currently no organic growing media method specified in the 
Canadian Methods and Procedures. 
 
 
Supporting Evidence: 
Two referees were conducted in 2006 and 2007 using the organic media method 
described above for pelleted onions treated with the insecticide “Trigard.” These treated 
and pelleted onion samples exhibit symptoms of phytotoxicity when tested using the 
standard AOSA method for testing onion seeds. A new method was developed, and 
following the 2007 referee, Rule Change Proposal #18 was passed in 2008 introducing 
this new alternative method into the Rules (6.8 r).  
 
The current Rules Proposal is an attempt to clarify the directions currently in the Rules 
in order to clear up any confusion in the wording of the present Rule. 
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References: 
“Alternative Method for Coated Onion Treated with Pesticides” -- poster presented by 
Seminis and Incotec at the AOSA/SCST meeting in Cody, Wyoming, June 2007  
 
2007 Pelleted Onion Referee, Region IV – Southwest (Sue Alvarez and Ha Ung) 
 
Submitted By: 
Sue Alvarez, R.S.T. 
Ransom Seed Laboratory 
P.O. Box 300 
Carpinteria, California 93014-0300 
Phone: 805-684-3427 
Fax: 805-684-4157 
Email: RansomSL@silcom.com 
 
Jane Kohn, R.S.T. 
Incotec 
1293 Harkins Road 
Salinas, California 93901 
Phone: 831-784-6680 
Fax: 831-757-1512 
Email: jane.kohn@incotec.com 
Date Submitted: September 5, 2009 
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Rules Change Proposal – 2 
 
PURPOSE: To reclassify junegrass (Koeleria macrantha) as crop rather than weed in 
the AOSA Rules for Testing Seeds Vol. 3.  Uniform Classification of Weed and Crop 
Seeds when found as a contaminant in agriculture, range, and turf seed.   
 
PRESENT AND PROPOSED RULE: 
 
AOSA Rules for Testing Seeds Vol. 3.  Uniform Classification of Weed and Crop Seeds 
 

NOMEN 
# 

SCIENTIFIC 
NAME 

COMMON 
NAME 

FAMILY SPP. 
CLASS 

 

CONTAMINATING 
CLASSIFICATION

A F H R S T V
 

314896 
 

Koeleria macrantha 
 

junegrass 
 

 
Poaceae 

 

 
A, R, T 

 
WC W W WC W WC W 

 
 
 

SUPPORTING EVIDENCE:  According to the current classification, Koeleria macrantha 
is classified as agriculture, range and turf. However, when found in these species kinds 
it is to be classified as a weed.  The following web sites contain information on the use 
of junegrass, which is used in lawn/turf and forage/fodder applications.  It is also native 
to much of North America. Since junegrass is produced and marketed as agriculture, 
range and turf we along with our stakeholders believe it should be classified as a crop 
when found as a contaminating species in agriculture, range, and turf species.  
 

http://plants.usda.gov/plantguide/doc/pg_koma.doc 
http://www.mtgf.org/fieldday/FD08PB1GeneticImprovement.pdf 
http://a-c-s.confex.com/crops/2008am/techprogram/P39972.HTM  

 
HARMONIZATION AND IMPACT: 
There is not harmonization with ISTA, Canada or the Federal Seed Act.  ISTA classifies 
all contaminating species as other seed; the Federal Seed Act leaves the classification 
up to the individual states; and, the Canadian Methods and Procedures do not have 
junegrass listed as a crop. However, junegrass is being produced and marketed in the 
United States for agriculture, turf and range purposes. Therefore it is practical to classify 
it as crop when found as a contaminant in these species.  
 
SUBMITTED BY: 
Washington State Department of Agriculture 
Seed Program 
21 North 1st Avenue, Suite 203 
Yakima WA 98902 
Phone: 509-249-6950 
Fax:  509-454-4395 
Contacts:  Fawad Shah (fshah@agr.wa.gov), Nancy Jones (njones@agr.wa.gov) or 
Victor Shaul (vshaul@agr.wa.gov)  
 
DATE:  September 30, 2009, Updated January 11, 2010 
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Rule Change Proposal – 3 
 

PURPOSE OF PROPOSAL:  To add pleated paper (PP) to the substrata used for planting 
onion (Allium cepa L.).  
 
 
PRESENT AND PROPOSED RULE: 
Kind of Seed Substrataa Tempera-

ture 
(°C) 

First 
count 
(days)

Final 
count 
(days)

Specific requirements 
and notes 

Fresh and dormant 
seed 

Allium cepa 
onion 

Alternate methods 
     Pelleted onion 

B, T, PP 
 
S 

20 
 

20 
20 

6 
 

6 

10 
 

12 
10 

 
 
 
See sec. 6.8r 

 

 
 

HARMONIZATION AND IMPACT:   FSA does not have PP as a recommended medium for the 
germination test of onion (Allium cepa).  Current ISTA Rules allow for pleated paper. 
 

 
SUPPORTING EVIDENCE:  Pleated paper is used in the onion seed industry to conduct 
standard germination tests. It is thought that pleated paper may enhance germination compared 
to paper towels or blotters, especially for pelleted seeds, therefore should be included in the 
AOSA Rules. A national referee study was designed to verify this claim. If the results showed 
that using pleated paper helps improving germination, or gives similar results to the paper 
towel/blotter, then it may be recommended to add pleated paper as an alternative media in the 
AOSA Rules for germinating onion. 
 
The results of the referee (attached appendix) did not show a superior pattern for using paper 
toweling over pleated paper or vice versa. This suggests that either the paper towels/blotters or 
the pleated paper can be used alternatively without expecting a significant difference in 
germination results of onion seed. The preference of using one medium over the other will 
depend on the availability of substrate, convenience, and economy. The difference in 
germination results detected among laboratories was greater than those due to difference in the 
media used in the germination tests regardless of the quality of onion seeds used. 
 
SUBMITTED BY: 
Don Ogawa, RST, Crookham Company; 208-459-7451; dogawa@crookham.com 
Sabry G. Elias, Oregon State University Seed Lab; 541-737-4799; sabry.elias@oregonstate.edu 
      
 
DATE OF SUBMISSION:  October 15, 2009, Updated January 11, 2010 
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APPENDIX to Proposal 3 
 

National Referee  
 
 A national referee was conducted in 2009 to compare germination of various onion seed 

lots using paper towels or blotter versus pleated paper. 
 
Materials and Methods 
 
• Seed Lots:  Six onion seed lots from the 2007 crop year with different initial qualities 

(96-84% germination), two raw seed (samples 1 & 2), two film coated 
seed (samples 3 & 4) and two pelleted seed (samples 5 & 6), were 
subdivided into 16 sister samples to be distributed among participating 
laboratories. The study was conducted in 2008. 

• Substrate   

- Choice of paper towels (T) or between blotters (B), according to the AOSA 
Rules. 

-  Pleated paper - “paper strips”, placed beneath the pleated paper (PP). 

• Moisture:             Moisture was provided for blotters and paper towels according to the  
 guideline of AOSA Rules; and 40 ml of water for pleated paper. 

• Temperature:   20°C  
• Replicates: 4 replications of 100 seeds each were used for each treatment. 
• Counts:   Laboratories recorded the first count after 6 days and the final count after 

 10 days. 
• Evaluation: Normal seedlings with hypocotyl and radical length of ½” from knee (1.25 

cm) or more were removed at 6 days from planting (first count) to 
minimize secondary fungal infection.  Final count was recorded 10 days 
after planting. The germination tolerance Table 13J (AOSA Rules, 2008) 
was used to determine the actual difference in germination results 
between the two media used in this study.  

 
Results 

 
 Fourteen laboratories completed the referee.  Some laboratories used paper towels 
others used blotters as a standard substrate according to the AOSA Rules for Testing Seeds. 
Pleated paper was donated by some companies and was distributed among the participating 
laboratories.   Six-day germination count, final germination, abnormal seedlings and dead seeds 
data was collected.  Only the final germination data is included in this report. 
 

The analysis of variance (ANOVA) showed no significant difference in the final 
germination results between the use of the standard media (i.e., paper towels/blotters) or 
pleated paper. The ANOVA also indicated significant differences in germination results among 
seed lots and laboratories at P=0.05 (Table 1). Although all laboratories used the same 
germination procedures, i.e., AOSA Rules, significant difference in the final germination results 
was detected among laboratories, even when they used the same substratum.   
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Table 1. Analysis of variance of six onion seeds lots germinated at fourteen laboratories 

using paper towel and pleated paper.  
 
                   Degrees of   Sum of         Mean          F 
      Source       Freedom (df) Squares (SS)   Square (MS)  Value     Prob 
 
 Replication         3          55.70         18.57         1.58     0.19 ns 
 Media (M) T vs. PP  1           2.88          2.88         0.25          ns 
 Seed lots (SL)      5       15277.35       3055.60       260.80     0.000*** 
 M x SL              5         157.35         31.47         2.69     0.02* 
 Laboratories (L)   13        2791.69        214.75        18.33     0.000*** 
 M x L              13         875.58         67.35         5.75     0.000*** 
 SL x L             65        4733.55         72.82         6.22     0.000*** 
 M x SL x L         65        1085.94         16.71         1.43     0.02* 
 Error             501        5869.80         11.72 
 
 Total             671       30850.48 
 
Coefficient of Variation: 3.83% 

For seed lot one, germination results of the fourteen participating laboratories were 
within tolerance according to the AOSA germination tolerance Table 13J, regardless of paper 
towels or pleated paper was used (Fig. 1). For seed lots three, four, and five, the germination 
results of thirteen out of the fourteen laboratories who participated in the study were within 
tolerance regardless of the germination media used (Figs. 3, 4 and 5). Eight out of the fourteen 
laboratories who participated in the referee had germination results within tolerance for seed lot 
‘six’ (Fig. 6), and eleven out of the fourteen had similar results for seed lot ‘two’ (Table 2 and 
Fig. 2).  

Variation in germination results can be attributed to two main sources: random sampling 
variation, and systematic variation among laboratories.  

 

Table 2. Mean germination of six onion seed lots tested at fourteen laboratories using 
paper towel and pleated paper. 

  Seed Lots La
b 

% Germination Difference Tolerance Within 
tolerance?     T/B1      PP2 Average* 

1 

1 84 83 83 1 7 yes 
2 92 93 92 1 5 yes 
3 87 89 88 2 6 yes 
4 83 81 82 2 7 yes 
5 85 90 87 5 6 yes 
6 86 92 89 6 6 yes 
7 83 86 85 3 7 yes 
8 88 87 87 1 6 yes 
9 82 84 83 2 7 yes 
10 88 89 88 1 6 yes 
11 83 85 84 2 7 yes 
12 81 80 81 1 8 yes 
13 84 85 85 1 7 yes 
14 83 86 85 3 7 yes 
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Mean  85 86     

2 

1 93 98 96 5 4 no 
2 92 94 93 2 5 yes 
3 95 98 96 3 4 yes 
4 99 99 99 0 2 yes 
5 98 98 98 0 3 yes 
6 99 98 98 1 3 yes 
7 94 99 96 5 4 no 
8 91 84 88 7 6 no 
9 81 85 83 4 7 yes 
10 98 97 97 1 3 yes 
11 97 98 98 1 3 yes 
12 89 82 86 7 7 yes 
13 88 81 85 7 7 yes 
14 98 98 98 0 3 yes 

Mean  94 93     

3 

1 94 96 95 2 4 yes 
2 95 95 95 0 4 yes 
3 96 98 97 2 3 yes 
4 95 96 95 1 4 yes 
5 97 98 97 1 3 yes 
6 96 99 98 3 3 yes 
7 94 98 96 4 4 yes 
8 97 96 96 1 4 yes 
9 96 91 94 5 4 no 
10 94 97 96 3 4 yes 
11 96 96 96 0 4 yes 
12 99 96 98 3 3 yes 
13 96 97 97 1 3 yes 
14 95 98 97 3 3 yes 

Mean  96 96     

4 

1 82 83 83 1 7 yes 
2 91 91 91 0 5 yes 
3 84 85 85 1 7 yes 
4 81 87 84 6 7 yes 
5 86 87 86 1 7 yes 
6 95 86 91 9 5 no 
7 77 85 81 8 8 yes 
8 87 80 83 7 7 yes 
9 79 80 80 1 8 yes 
10 79 79 79 0 8 yes 
11 82 84 83 2 7 yes 
12 87 85 86 2 7 yes 
13 81 84 83 3 7 yes 
14 81 87 84 6 7 yes 

Mean  84 85     

5 

1 79 82 81 3 8 yes 
2 93 92 93 1 5 yes 
3 87 82 85 5 7 yes 
4 87 90 89 3 6 yes 
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5 83 88 85 5 7 yes 
6 84 84 84 0 7 yes 
7 88 87 87 1 6 yes 
8 85 74 79 11 8 no 
9 81 79 80 2 8 yes 
10 82 84 83 2 7 yes 
11 86 87 87 1 6 yes 
12 86 82 84 4 7 yes 
13 86 83 85 3 7 yes 
14 83 80 82 3 7 yes 

Mean  85 84     

6 

1 91 92 91 1 5 yes 
2 93 95 94 2 4 yes 
3 92 93 92 1 5 yes 
4 93 93 93 0 5 yes 
5 88 94 91 8 5 no 
6 96 91 93 5 5 yes 
7 95 94 95 1 4 yes 
8 96 88 92 8 5 no 
9 92 89 90 3 6 yes 
10 92 92 92 0 5 yes 
11 85 92 89 7 6 no 
12 80 90 85 10 7 no 
13 85 92 89 7 6 no 
14 86 94 90 8 6 no 

Mean  90 92     

Method 1 = Paper towel or top of blotter paper 
Method 2 = Pleated paper 
Means are average of 4 replications of 100 seeds each 

 
The results of this referee did not show a superior pattern for using the paper 

towel/blotters over the pleated paper or vice versa. This suggests that either the paper towels, 
blotters or the pleated paper can be used alternatively without expecting significant difference in 
germination results of onion seed. The preference of using one medium over the other will 
depend on the availability of substrate, convenience, and economy. The difference in 
germination results detected among laboratories was greater than those due to difference in the 
media used in the germination tests regardless of the quality of onion seeds used (Figs 1-6). 
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Figure 1. Mean germination of onion seed lot ‘1’ using paper towels and pleated paper 

media tested at fourteen seed laboratories. 
 

 
Figure 2. Mean germination of onion seed lot ‘2’ using paper towels and pleated paper 

media tested at fourteen seed laboratories. 
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Figure 3. Mean germination of onion seed lot ‘3’ using paper towels and pleated paper 

media tested at fourteen seed laboratories. 
 

 
 

Figure 4. Mean germination of onion seed lot ‘4’ using paper towels and pleated paper 
media tested at fourteen seed laboratories. 
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Figure 5. Mean germination of onion seed lot ‘5’ using paper towels and pleated paper 
media tested at fourteen seed laboratories. 

 

 
Figure 6. Mean germination of onion seed lot ‘6’ using paper towels and pleated paper 

media tested at fourteen seed laboratories. 
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CONCLUSIONS 
 

 
1) Paper towels and blotters perform similar to pleated paper when used as media in the 

standard germination tests of onion seeds used in this study regardless of the quality of 
the seeds. 

 
2) The results suggest that adding pleated paper to the current media in the AOSA Rules is 

an option that will not affect the germination test results.  
 
 
SUBMITTED BY: 
Don Ogawa, RST, Crookham Company; 208-459-7451; dogawa@crookham.com 
Sabry G. Elias, Oregon State University Seed Lab; 541-737-4799; sabry.elias@oregonstateedu 
      
 
DATE OF SUBMISSION:  October 15, 2009 
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Rule Change Proposal - 4 
 
Purpose:  To standardize the pure seed unit assignment for species of Artemisia, 
adjust the working sample sizes stated in Table 2.4 for A. ludoviciana and A. nova, and 
add a noxious weed seed and bulk examination minimum working weight for A. nova. 
 
 
Present rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum 
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
27 Artemisia ludoviciana Nutt. 

   Louisiana sagewort 
 

0.5 
 

5 
 

8,900 
 

253,000 
27 Artemisia nova A. Nelson 

   black sagebrush 
 

1.5 
  

2,200 
 

62,400 
 
 
Table 3A.  Pure seed unit definitions 

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. 

 
 
 
Proposed Rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum 
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
50 Artemisia ludoviciana Nutt. 

   Louisiana sagewort 
 

0.3 
 

3 
 

8,900 
 

253,000 
50 Artemisia nova A. Nelson 

   black sagebrush 
 

1.2 
 

12 
 

2,200 
 

62,400 
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Table 3A.  Pure seed unit definitions 
PSU 

Number 
Description of Pure Seed Unit 

50 Intact achene, with or without one or more of the following structures: beak, bristle, 
hairs, pappus, wing, or firmly 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. 

 
Harmonization and impact statement:  This species is not covered by the Federal 
Seed Act, the Canadian Food Inspection Agency Methods and Procedures for Testing 
Seeds, or the International Seed Testing Association Rules for Seed Testing.  
Standardization of the pure seed unit definition for Artemisia will allow for equal 
treatment of all species concerned and eliminate confusion among test results. 
 
Supporting evidence:   In 2007, Artemisia tridentata was assigned to PSU 50.  At that 
time other species of Artemisia with similar achene structure were not transferred to 
PSU 50.  This proposal recommends reassignment of Artemisia ludoviciana and 
Artemisia nova to PSU 50 in order to standardize the treatment of all species of 
Artemisia included under the AOSA Rules for Testing Seeds. 
 
The purity working weight for A. ludoviciana is reduced from 0.5g to 0.3g based on 
information provided in Table 2.4 column five regarding the approximate number of 
seeds per gram.  A working weight of 0.3g will provide approximately 2,670 seed units.  
Since the working weights of most small seeded species listed in Table 2.4 are given to 
the tenths of a gram, for A. ludoviciana the 0.3g will slightly exceed the minimum 2,500 
seed requirement.  The noxious exam working weight is generally ten times the amount 
for the purity analysis working weight; therefore, this working weight is reduced from 5g 
to 3g. 
 
The purity working weight for A. nova is reduced from 1.5g to 1.2g based on information 
provided in Table 2.4 column five regarding the approximate number of seeds per gram.  
A working weight of 1.2g will provide approximately 2,640 seed units, slightly exceed 
the minimum 2,500 seed requirement.  The noxious exam working weight is generally 
ten times the amount for the purity analysis working weight; therefore, 12g is 
recommended. 
 
Submitted by:  Deborah Meyer, Purity Subcommittee Chair, California Department of 
Food and Agriculture, (916) 262-1137, dmeyer@cdfa.ca.gov. 
 
Date Submitted:  October 15, 2009 
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Rule Change Proposal - 5 
 
Purpose:  To correct the improper assignment of pure seed unit definition for 
Eremochloa ophiuroides (centipede grass). 
 
Present rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum  
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
12 Eremochloa ophiuroides (Munro) Hack. 

   centipedegrass 
 
2 

 
20 

 
1,253 

 
35,530 

 
Table 3A.  Pure seed unit definitions 

PSU 
Number 

Description of Pure Seed Unit 

12 Single floret, with or without awn, provided a caryopsis with some degree of 
endosperm development can be detected (either by slight pressure or by examination 
over light). 
Caryopsis or piece of broken caryopsis larger than one-half of the original size. 
Special consideration: 

• A fertile floret attached to another fertile floret shall be separated.  
• Attached glumes and empty florets shall be removed and classified as inert 

matter. 
 
Proposed Rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum  
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
15 Eremochloa ophiuroides (Munro) Hack. 

   centipedegrass 
 
2 

 
20 

 
1,253 

 
35,530 

 
Table 3A.  Pure seed unit definitions 

PSU 
Number 

Description of Pure Seed Unit 

15 Spikelet with or without attached rachis segment (also see rame internode in 
glossary), pedicel and sterile spikelet, with or without awn(s), provided a caryopsis 
with some degree of endosperm development can be detected (either by light 
pressure or by examination over light).   
Caryopsis or piece of broken caryopsis larger than one-half of the original size. 
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APPENDIX 4: Glossary of Terms for Pure Seed Units 
 
Rame:  A disarticulating inflorescence branch that forms the basic unit of a typical 
Andropogoneae inflorescence.  [Refer to Barkworth, M. E., K. M. Capels, S. Long, and M. B. 
Piep.  2003.  Flora of North America, Volume 25, Magnoliophyta: Commelinidae (in part): 
Poaceae, part 2.  Oxford University Press.  783 pp.] 
 
Rame internode:  A segment of an inflorescence branch in the Adropogoneae.  Note: the 
dispersal unit consists of a spikelet pair and a rame internode that extends from the sessile 
spikelet to the next most distal sessile spikelet.  See rame.)  
 
 
 
Harmonization and impact statement:  This species is not covered by the Federal 
Seed Act, the Canadian Food Inspection Agency Methods and Procedures for Testing 
Seeds, or the International Seed Testing Association Rules for Seed Testing. 
 
Supporting evidence:  In Eremochloa ophiuroides the inflorescence branch usually 
disarticulates between sets of spikelet pairs at the rame nodes.  Within the spikelet pair 
the sessile spikelet contains one staminate and one bisexual floret, while the pedicellate 
spikelet consists of a thick, flat pedicel and a rudimentary (or absent) spikelet.  The 
sessile spikelet has two glumes, the lower being larger than the upper and both conceal 
the florets.  This species is typically marketed as hulled caryopses, however the 
proposed seed unit will also accommodate instances in which the caryopses are not 
hulled. 
 
The term rame internode is utilized in the treatment of members of the Andropogoneae 
provided in Barkworth, et al. (2003) and is equivalent to the term rachis segment as 
applied in the pure seed unit description #15.   
 
Reference 
Barkworth, M. E., K. M. Capels, S. Long, and M. B. Piep.  2003.  Flora of North America, Volume 25, 
Magnoliophyta: Commelinidae (in part): Poaceae, part 2.  Oxford University Press.  783 pp. 
 
 
Submitted by:  Deborah Meyer, Purity Subcommittee Chair, California Department of 
Food and Agriculture, (916) 262-1137, dmeyer@cdfa.ca.gov. 
 
Date Submitted:  October 15, 2009 
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Rule Change Proposal - 6 
 
Purpose:  To correct the improper assignment of pure seed unit definition for 
Tripsacum dactyloides (eastern gamagrass) by adding a new pure seed unit definition. 
 
Present rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum 
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
2 Tripsacum dactyloides (L.) L. 

   Eastern gamagrass 
 

205 
 

500 
 

12 
 

340 
 
 
Table 3A.  Pure seed unit definitions 
PSU 
Number 

Description of Pure Seed Unit 

2 Seed with at least a portion of the seed coat attached. 
Broken seed larger than one-half the original size with at least a portion of the seed 
coat attached.  
Special considerations: 

* For Fabaceae:  Cotyledons that are broken apart but held together by the seed 
coat shall be classified as pure seed.  Cotyledons that have separated and are 
not held together by the seed coat are regarded as inert matter irrespective of 
whether or not the radicle-plumule axis and/or more than half of the seed 
coat may be attached. 

* Wing, when present, is removed and considered inert matter. 
* Pericarp (fruit wall), when present on seeds of Desmodium tortuosum, 

Hedysarum boreale, and Purshia tridentata is removed and considered inert 
matter. 

* Weevil-infested vetch (Vicia spp.) and pea (Pisum sativum) seeds, 
irrespective of the amount of insect damage, are to be considered pure seed, 
unless they are broken pieces one-half the original size or less. 

* Chalcid-damaged seeds in Fabaceae that are puffy, soft, or dry and crumbly 
are considered inert matter. 
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Proposed Rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum 
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
51 Tripsacum dactyloides (L.) L. 

   Eastern gamagrass 
 

205 
 

500 
 

12 
 

340 
 
Table 3A.  Pure seed unit definitions 
 
PSU 
Number 

Description of Pure Seed Unit 

51 Pistillate rame segment consisting of a pistillate spikelet with attached rame 
internode, whether or not a caryopsis is present. 
Piece of pistillate rame segment larger than one-half of the original size unless no 
caryopsis is present. 
Caryopsis or piece of broken caryopsis larger than one-half of the original size. 
Special consideration: 

• Two or more pistillate rame segments as described above attached together 
are to be separated into single segments. 

• Attached structures such as stem segments and staminate spikelets are to be 
removed and classified as inert matter. 

 
APPENDIX 4: Glossary of Terms for Pure Seed Units 
 
Rame:  A disarticulating inflorescence branch that forms the basic unit of a typical 
Andropogoneae inflorescence.  [Refer to Barkworth, M. E., K. M. Capels, S. Long, and M. B. 
Piep.  2003.  Flora of North America, Volume 25, Magnoliophyta: Commelinidae (in part): 
Poaceae, part 2.  Oxford University Press.  783 pp.] 
 
Rame internode:  A segment of an inflorescence branch in the Andropogoneae.  [Note: the 
dispersal unit usually consists of a spikelet pair and a rame internode that extends from the 
sessile spikelet to the next most distal sessile spikelet.  In Tripsacum a single spikelet is present 
in each pistillate segment of the proximal portion of the inflorescence branch while pairs of 
staminate spikelets are present in the distal portion of the inflorescence branch.   Also see rame.]  
 
Harmonization and impact statement:  This species is not covered by the Federal 
Seed Act, the Canadian Food Inspection Agency Methods and Procedures for Testing 
Seeds, or the International Seed Testing Association Rules for Seed Testing. 
 
Supporting evidence:  Tripsacum is a monoecious plant in which the staminate and 
pistillate spikelets are found in the same inflorescence, with the continuous line of 
solitary pistillate spikelets located proximally and the continuous line of staminate 
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spikelet pairs located distally along the rame (inflorescence branch).  Pistillate spikelets 
are embedded in the hardened axes of the rame.  The lower glume of each pistillate 
spikelet is coriaceous and conceals the upper glume, sterile floret, and pistillate floret 
(containing the caryopsis) embedded in a hollow area of the rame internode.  
Inflorescence branches usually disarticulate between the pistillate spikelets at the rame 
nodes and at the base of the staminate segment of the inflorescence.  The lower most 
pistillate spikelet in the rame sometimes remains attached to the subtending stem 
fragment, while the distal pistillate spikelet and associated rame internode will 
sometimes have the lower most staminate spikelets attached.  In such cases these 
should be separated and the stem and staminate spikelets classified as inert matter.  
Two or more attached pistillate segments should likewise be separated.  It is not 
practical during the purity analysis to determine whether or not a caryopsis is present 
within each pistillate segment. 
 
The terms rame and rame internode are utilized in the treatment of members of the 
Andropogoneae provided by Barkworth, et al. (2003).   
 
Reference 
Barkworth, M. E., K. M. Capels, S. Long, and M. B. Piep.  2003.  Flora of North America, Volume 25, 
Magnoliophyta: Commelinidae (in part): Poaceae, part 2.  Oxford University Press.  783 pp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Submitted by:  Deborah Meyer, Purity Subcommittee Chair, California Department of 
Food and Agriculture, (916) 262-1137, dmeyer@cdfa.ca.gov. 
 
Date Submitted:  October 15, 2009 

Figure 1.  Tripsacum dactyloides (eastern gamagrass).  A – Pistillate spikelet, embedded in the indurate rame axis; the lower 
glume coriaceous concealing the upper glume and sterile and fertile florets (proposed pure seed unit).  B – Caryopsis (proposed 
pure seed unit).  C – Two rame segments showing the alternation of spikelet and rame internode in the inflorescence.  D – Basal 
pistillate spikelet subtended by stem fragment.  E – Pistillate spikelet with distally attached staminate spikelets. 
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Rule Change Proposal - 7 
 
Purpose:  To modify the pure seed unit definition for species of Allium in order to avoid 
damaging adhering seed pairs during purity analyses.  Seedling evaluation of these 
occasional multiple seed units are also addressed. 
 
Present rule: 
Table 3A.  Pure seed unit definitions 

PSU 
Number 

Description of Pure Seed Unit 

1 Seed, with or without seed coat. 
Piece of broken seed, with or without seed coat, larger than one-half the original size. 
Special considerations: 

• Seeds of Cucurbitaceae and Solanaceae whether or not they are filled. 
 

  
6.5      Evaluation of seedlings 
 

c. Multiple seed units. – Spinach, New Zealand spinach, Beta spp., schizocarps (double 
fruits) of Apiaceae, multiple seeds of little burnet, seed units of grasses consisting of 
multiple florets, and tree and shrub seed with multiple seed units shall be regarded as 
having germinated if they produce one or more normal seedlings.  A total seedling count 
by replicating a 400 seed test may be conducted on tree and shrub seed with multiple seed 
units to determine the total number of seedlings.  For the total seedling count, the seed 
units shall remain on the substrate until the end of the germination test, and all seedlings 
shall be counted.  The result from the germination test shall be reported as percentage 
germination, and the result of the total seedling count shall be reported as the number of 
seedlings per 100 seed units. 

 
 
Proposed Rule: 
Table 3A.  Pure seed unit definitions 

PSU 
Number 

Description of Pure Seed Unit 

1 Seed, with or without seed coat. 
Piece of broken seed, with or without seed coat, larger than one-half the original size. 
Special considerations: 

• Seeds of Cucurbitaceae and Solanaceae whether or not they are filled. 
• Pairs of Allium spp. seeds adhering together need not be separated.  Refer to 

sec. 6.5.c. 
 

 
6.5      Evaluation of seedlings 
 

c. Multiple seed units. – Spinach, New Zealand spinach, Beta spp., schizocarps (double 
fruits) of Apiaceae, adhering pairs of Allium seeds, multiple seeds of little burnet, seed 
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units of grasses consisting of multiple florets, and tree and shrub seed with multiple seed 
units shall be regarded as having germinated if they produce one or more normal 
seedlings.  A total seedling count by replicating a 400 seed test may be conducted on tree 
and shrub seed with multiple seed units to determine the total number of seedlings.  For 
the total seedling count, the seed units shall remain on the substrate until the end of the 
germination test, and all seedlings shall be counted.  The result from the germination test 
shall be reported as percentage germination, and the result of the total seedling count 
shall be reported as the number of seedlings per 100 seed units. 

 
Volume 4: Seedling Evaluation  
 
LILIACEAE, LILY FAMILY II – Onion, leek and chives 
 
NOTES 
 

3. Multiple seed units (adhering pairs of seeds) are sometimes present in Allium spp.  A 
multiple seed unit producing at least one normal seedling is classified as normal; only one 
normal seedling per pair is to be counted.  Care should be taken at the beginning of the 
germination test to identify the multiple seed units because the adhering pairs of seeds 
may separate during the germination process.   

 
 
Supporting evidence:   The fruit of Allium is a dry dehiscent capsule containing three 
chambers, usually with two ovules per chamber.  At maturity the pairs of seeds in each 
chamber may adhere together.  While most Allium seed pairs separate naturally during 
seed conditioning, some do not.  Whether these seed pairs are required to be separated 
is not clearly stated in the AOSA Rules.  Separating the adhering seeds during a purity 
analysis may cause damage to the seed coat and possibly damage to the internal 
structures of the seed.  This type of damage may create inert matter and may have an 
effect on the germination potential of the damaged seed.  Since the natural seed units 
commonly include single seeds and adhering seed pairs (in onion sometimes as much 
as 40% of a purity working sample may be adhering seed pairs – Ransom Seed Lab, 
personal communication), the common sense solution to this problem in a purity 
analysis is to leave the seed pairs intact.   In the germination test only one normal 
seedling will be counted in the event two are produced. 
 
Harmonization and impact statement:  According to the Federal Seed Act 
Regulations (FSA) sec. 201.47a, a seed unit is the structure usually regarded as a seed 
in planting practices and in commercial channels. The seed unit may consist of one or 
more of the following structures: (a) True seeds…  According to the CFIA, Methods and 
Procedures sec. 3.2.1, a seed, in laboratory practice, is defined as “a structure which 
contains at least one ripened ovule with or without accessory parts.”  According to the 
ISTA Rules for Seed Testing (ISTA Rules) sec. 3.8, “the detailed pure seed definitions 
as listed in table 3B Part 2.  The structures described in the definitions in Part 2 are to 
be classed as pure seed.  Appendages are not to be classed as pure seed, unless 
specifically referenced to in Table 3B Part 2.”  In this table the pure seed unit for Allium 
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is described as seed.  Since the discussion pertains only to seeds of Allium adhering 
together and no appendages are involved, it appears that two adhering seeds will not 
conflict with any of these three seed unit definitions.   
 
Under germination test interpretation (sec. 201.56, FSA) seed units containing more 
than one seed or embryo shall be tested as a single seed and shall be regarded as 
having germinated if they produce one or more normal seedlings. Examples of kinds 
cited under this section include New Zealand spinach seed, Beta seed, double fruits of 
the carrot family, multiple seeds of burnet, and seed units of the grasses consisting of 
multiple florets.  These examples are preceded by the phrase “such as” that may be 
interpreted to mean the instructions may also apply to other kinds of seeds.  Under the 
CFIA M&P sec. 4.12.6.a, multiple seeded units are listed as New Zealand spinach, Beta 
spp., schizocarps of the Apiaceae, multiple seeds of burnet, and seed units of grasses 
(Dactylis glomerata, Poa spp., oats, etc.) consisting of multiple florets.  These kinds are 
regarded as having germinated if they produce one or more normal seedlings.  Only 
one seedling per multiple unit is to be counted.  According to the ISTA Rules sec. 5.26, 
examples of multigerm seed units containing more than one true seed include multiple 
seed units in Dactylis, Festuca ×Festulolium and Lolium, unseparated schizocarps of 
Apiaceae; clusters of Beta vulgaris, and fruits of Tectona grandis). Although the wording 
of the section under the CFIA M&P appears to be more limiting than that in the FSA or 
the ISTA Rules, in any case only one seedling from a multiple unit is counted; therefore, 
there should be no substantial difference in the final test results among the three sets of 
testing procedures and the proposed seedling evaluation.   
 
Submitted by:  Deborah Meyer, Purity Subcommittee Chair, California Department of 
Food and Agriculture, (916) 262-1137, dmeyer@cdfa.ca.gov. 
 
Date Submitted:  October 15, 2009 
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Rule Change Proposal - 8 
 
Purpose:  To correct the improper assignment of pure seed unit definition for 
Platycladus orientalis (oriential arborvitae). 
 
Present rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum  
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
4 Platycladus orientalis (L.) Franco 

   Oriental arborvitae, Chinese arborvitae 
 

50 
  

50 
 

1,450 
 
Table 3A.  Pure seed unit definitions 

PSU 
Number 

Description of Pure Seed Unit 

4 Seed with at least a portion of the seed coat attached, with or without wing(s).  Piece 
of broken seed larger than one-half the original size with at least a portion of the seed 
coat attached. 

 
 
Proposed Rule: 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum  
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
2 Platycladus orientalis (L.) Franco 

   Oriental arborvitae, Chinese arborvitae 
 

50 
  

50 
 

1,450 
 
Table 3A.  Pure seed unit definitions 

PSU 
Number 

Description of Pure Seed Unit 

2 Seed with at least a portion of the seed coat attached. 
Broken seed larger than one-half the original size with at least a portion of the seed 
coat attached.  
Special considerations: 

* For Fabaceae:  Cotyledons that are broken apart but held together by the seed 
coat shall be classified as pure seed.  Cotyledons that have separated and are 
not held together by the seed coat are regarded as inert matter irrespective of 
whether or not the radicle-plumule axis and/or more than half of the seed 
coat may be attached. 
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* Wing, when present, is removed and considered inert matter. 
* Pericarp (fruit wall), when present on seeds of Desmodium tortuosum, 

Hedysarum boreale, and Purshia tridentata is removed and considered inert 
matter. 

* Weevil-infested vetch (Vicia spp.) and pea (Pisum sativum) seeds, 
irrespective of the amount of insect damage, are to be considered pure seed, 
unless they are broken pieces one-half the original size or less. 

* Chalcid-damaged seeds in Fabaceae that are puffy, soft, or dry and crumbly 
are considered inert matter. 

 
 
Harmonization and impact statement:  This species is not covered by the Federal 
Seed Act, the Canadian Food Inspection Agency Methods and Procedures for Testing 
Seeds, or the International Seed Testing Association Rules for Seed Testing. 
 
Supporting evidence:  The seeds of the monotypic species Platycladus orientalis (L.) 
Franco (oriential arborvitae), Cupressaceae) are not winged (Huxley, et al., 1992b); 
therefore, this species should not be included under PSU #4.  This seed unit description 
is designed for species with winged seeds that may or may not still have wings attached 
after seed conditioning.  This species was formerly placed under Thuja, a genus with 
winged seeds (Huxley, et al., 1992a).  This is probably the reason why this species was 
originally assigned to PSU #4. 
 
Reference 
Huxley, A., M. Griffiths, and M. Levy.  1992a.  The New Royal Horticultural Society Dictionary of 
Gardening.  Vol. 3, L-Q.  The Macmillan Press Limited, London.  790 pp. 
 
Huxley, A., M. Griffiths, and M. Levy.  1992b.  The New Royal Horticultural Society Dictionary of 
Gardening.  Vol. 4, L-Q.  The Macmillan Press Limited, London.  888 pp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Submitted by:  Deborah Meyer, Purity Subcommittee Chair, California Department of 
Food and Agriculture, (916) 262-1137, dmeyer@cdfa.ca.gov. 
 
Date Submitted:  October 15, 2009 

Figure 1.  Seeds of Platycladus orientalis 
(oriental arborvitae).   
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Rule Change Proposal - 9 
 
Purpose:  To amend the seed unit description for Hordeum vulgare, barley, addressing 
commonly encountered damaged seed units and attempt to harmonize a closely as 
possible with the ISTA Rules, Federal Seed Act Regulations and CFIA Methods and 
Procedures. 
 
Present and proposed rule: (proposed wording in blue text) 
 
Table 2.4 Weights for working samples. 

 
Pure 
Seed 
Unit 

# 

 
 
   
      Kind of seed 

Minimum 
weight 

for  
purity 

analysis
a
 

Minimum 
weight for 

noxious-weed 
seed or bulk 
examination 

 
Approximate 

number of 
seeds per 

gram
b
 

 
Approximate 

number of 
seeds per 
ounce

c
 

Grams Grams Number Number 
14 Hordeum vulgare L. subsp. vulgare 

barley 
 

100 
 

500 
 

30 
 

850 
 
Table 3A.  Pure seed unit definitions 

PSU 
Number 

Description of Pure Seed Unit 

14 Multiple floret spikelet, multiple floret, or floret, with or without awn(s), provided a 
caryopsis with some degree of endosperm development can be detected (either by 
slight pressure or by examination over light), see special consideration for Hordeum 
vulgare. 
Caryopsis or piece of broken caryopsis larger than one-half of the original size. 
Special consideration 
    For Hordeum vulgare: 

• A piece of broken floret or spikelet shall contain a caryopsis larger than one-
half the original size. 

• Two or more attached spikelets shall be separated into single spikelets. 
• Attached rachis segments shall be removed and classified as inert matter. 

 
 
Harmonization and impact statement:  This species is included in the Federal Seed 
Act Regulations (FSA), the Canadian Food Inspection Agency Methods and Procedures 
for Testing Seeds (CFIA M&P), and the International Seed Testing Association Rules 
for Seed Testing (ISTA Rules); however, all three define pure seed units slightly 
differently.  These differences will be detailed in the supporting evidence.   
 
Supporting evidence:  
 
The problem 

Seed units commonly encountered in samples of Hordeum vulgare, barley, 
include spikelets, groups of spikelets, florets, broken florets and spikelets, and on rare 
occasion naked caryopses.  The current AOSA PSU definition allows for all of these 
items except for spikelet groups, and attached rachis segments are not considered part 
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of the pure seed unit (i.e., they must be removed and classified as inert matter).  By 
definition, all spikelets and florets must contain a caryopsis with some degree of 
endosperm, and broken caryopses must be larger than one-half the original size.  The 
current PSU definition does not address what to do with broken florets and spikelets, so 
the question becomes do we evaluate these items based on whether they are larger 
than one-half the original size, or do we evaluate these items based on whether they 
have a caryopsis with some degree of endosperm.  If we use the later, then we run the 
risk of potentially classifying very small fragments of florets and spikelets as pure seed 
simply because they have some trace amount of endosperm present.    
 
How do other sets of seed testing procedures deal with barley? 

The FSA allows for multiple florets and spikelets containing caryopses with some 
degree of endosperm.  There is no mention of what to do with broken caryopses. Barley 
is excluded from kinds allowed to have seed units of spikelet groups, or seed units with 
attached rachis segments. 

The ISTA Rules allow for florets with lemma and palea enclosing a caryopsis, 
with or without awn or with or without rachis segment, irrespective of their length, 
broken florets that requires a broken floret to contain a caryopsis larger than one-half 
the original size, and caryopses that are either whole or broken pieces larger than one-
half the original size.   

The CFIA M&P allows for broken florets or free caryopses, provided they are 
larger than one-half the original size, entire florets and one-seeded spikelets with an 
obvious caryopsis containing endosperm, but attached sterile florets and basal 
appendages must be removed and classified as inert matter. 
 
Recommended solution  

This proposal is a compromise that will allow for broken florets and spikelets to 
be evaluated based on whether the caryopsis is present and larger than one-half the 
original size (similar to the ISTA Rules and the CFIA M&P), separates attached 
spikelets (similar to the FSA), and reinforces the requirement to remove the attached 
rachis segments (current AOSA Rules, the CFIA M&P, and the FSA). 
 
Currently, the spikelet is the seed unit for barley and the rachis segment, which is not 
part of the spikelet, is required to be removed (see sec. 3.2e).  Therefore, the proposal 
is not a change in classification, simply a clarification of the existing PSU definition for 
this species and adds directions for what to do with broken seed units and what to do 
with two or more spikelets that are attached together.  There are usually three spikelets 
per node in Hordeum vulgare, and each spikelet has two elongated awn-like glumes.  
Although these may be removed during seed conditioning, all may not be completely 
removed.  By current PSU definition, the glumes may remain attached as part of the 
pure seed unit (because glumes are part of a spikelet), this remains unchanged. 
 
Submitted by:  Jim Effenberger, Don Joley, and Deborah Meyer, Senior Seed 
Botanists, California Department of Food and Agriculture, (916) 262-1137, 
dmeyer@cdfa.ca.gov. 
 
Date Submitted:  October 15, 2009, Updated January 20, 2010 
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Separating Pure Seeds from Blue Grama (Bouteloua gracilis) Using Three Purity Methods 
 

Background of the problem:  
The original official purity technique to determine pure seed in blue grama was to use the hand method. 
According to A.L. Larson and L. E. Weisner this was a very time consuming method, and results were not 
consistent between labs.1,2 There have been questions by seed analysts and industry members since the 
blowing point became part of the AOSA rules in 1981, about the accuracy of the official blowing method. “Pure 
seed” (florets with caryopses), in differing amounts, are being blown into the light portion of the blowings. 
 
In 1977 a new rule was proposed and passed to use a “modified method” of testing blue grama.2,3 The 
“modified method” proposed by L.E. Wiesner, chair of the rules committee, removed technical variability by 
making all florets (florets that have a caryopses and all empty florets.) pure seed.2 Wiesner stated that the 
modified method was designed to make the purity results more consistent .2 R. Danielson, chair of the Rules 
Committee, stated in 1981, that the pure live seed (PLS) decreased with the “modified method”, and the 
industry was complaining.4 In 1981, the blowing procedure rule proposal for blue grama was introduced by the 
Rules Committee chair R. Danielson.4 The Rangegrass Committee chair K. Boatwright published a referee 
comparing three different purity methods including the blowing point for blue grama, and also recommended 
using the blowing point procedure.5 The blowing point procedure for blue grama became the official method 
in the AOSA rules in 1981.7  
 
The blowing method brought more consistency in purity results, but some accuracy was lost. Industry has 
claimed that they have been losing millions of dollars with the blowing point, and would like a more accurate 
method developed. It is interesting that the rule proposal introducing the blowing point for blue grama in 1981 
indicated “It  appears that the blowing method would be a reasonable compromise between the high 
reproducibility and time savings achieved by the modified method and the analytical values produced by the 
hand method.”4 In 1981 in a Rangegrass Committee report, chair K. Boatwright stated: “The time saving factor 
would insure a quicker return of analysis results to the seedsmen and also prevent work backlogs in the seed 
industry.”5  Industry members are willing to pay the additional costs needed to test blue grama, because of lost 
revenue due to the mechanically arbitrary way the seed blower sends “pure seeds” into the light portion in 
differing amounts from seed lot to seed lot.  
 
Rationale:  
Time savings and backlogs are important, and timely results are critical during certain seasons of the year. The 
AOSA rules also challenge us to “in all cases the ultimate purpose of making a test is to determine the value of 
the seed for planting.” This study will determine if the blowing method was both consistent and accurate 
compared to the hand method. The purity percentage was determined on ten seed lots using the following 
methods: 

1. Official method using the blowing point (Official Method “OM”) 
2. Picking florets with a caryopses at least 1/3 the length of the floret and including the weight of these 

florets with the pure seed. (Pick light “PL”) 
3. Pick the florets from the light portion as in number two above, and include the weight of all empty 

florets found in the heavy portion with the inert matter. (Pick both “PB”) 
 
Objective: 
This study will evaluate the consistency and accuracy of the purity result of the official blowing method. The 
objective of this study is to determine: 

1.  If “pure seeds” are blowing over into the light portion; 
2.  If empty florets remain in the heavy portion; 
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3.   If the weight of the florets with caryopses in the light portion cancel out the weight of the 
empty florets in the heavy portion; 

4.  If there are significant differences between the hand‐pick method and the blowing method; 
5.  If there is a way to fine‐tune the blowing method to be more accurate.  

 
Materials and Methods: 
 
Seed sources:  
Samples from ten seed lots were selected from various sources: varieties (5 varieties which includes native 
collected), area of production (5 states), year of production (1 from 2006, and 3 each from production years 
2006, 2007, and 2008), irrigated (8 yes, 2 no), and certified (4 yes, and 6 no). 
 
Seed Source Table 
Sample  Variety  Origin  Year Produced  Irrigated  Certified 
1  Alma  Texas  2008  Yes  No 
2  Hachita  Texas  2006  Yes  No 
3  Bad River  Minnesota  2008  Yes  No 
4  Alma  Colorado  2005  Yes  Yes 
5  Alma  Colorado  2006  Yes  Yes 
6  Hachita  Colorado  2007  Yes  Yes 
7  Native(Collected)  New Mexico  2006  No  No 
8  Lovington  Colorado  2007  Yes  Yes 
9  Birds‐eye  Wyoming  2007  Yes  No 
10  Native(Collected)  New Mexico  2008  No  No 
 
Other Materials: 
General Seed Blower 
Anemometer 
Microscope used over purity board 
Fine #3 titanium forceps 
Balance capable of weighing up to ten thousandths of a gram (0.0001 gram) 
 
Method of purity analysis:  

1. Four replicates of 0.5000+ grams were individually divided by the official table top method and tested 
for each seed sample 

2. Stems were removed before using blowing procedure 
3. Blower was checked with anemometer before each blowing 
4. Replicate was blown at official setting for blue grama 
5. Remaining inert and other species if any were removed from the heavy portion and the “official” 

purity was calculated for each replicate (an official purity is based on all four replicates combined 
together, where for the purposes of this study, purity percentages were calculated on 1/4 of the 
official amount for a purity test) 

6. Light portion was examined for florets containing caryopses at least 1/3 the length the floret, which 
were removed and weighed (to be added to the weight of the heavy portion) 

7. Heavy portion was examined and all empty florets were removed and weighed to be added to the 
total inert (for the both picked method) 
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Once the procedure described above was completed, the following purity percentages were calculated: 
1. Official AOSA method (OM). 
2. Official method + Pick pure seed from light fraction (PL). 
3. Official method + Pick both fractions (PB): pure seed from the light fraction and inert matter from the 

heavy fractions.  
 
Experimental design: Completely Randomized Design with two factors: factor A, samples and factor B, purity 
methods, with four replications. 
 
Data was subjected to analysis of variance. Means were separated using LSD. MSTAT statistical package was 
used to analyze the data.  
 
Results and Discussion: 
  The ANOVA indicated that both samples and method of separating pure seeds from blue grama had 
significant effect of the percentage of pure seed results (Table 1). 
  The pure seeds separated from the ten samples ranged between 48.57% and 99.48% using the official 
method (OM)(Table 2). This reflects the effect of seed production practices, weather conditions, variety, time 
of harvest, and level of seed cleaning on the final purity of a sample.  
 
Table 1: Analysis of variance for factors affecting purity analysis of ten samples of blue grama tested by three 
methods. 
  Degrees of  Sum of  Mean  F   
Source  Freedom  Squares  Squares  Value  Prob 
Samples  9  22776.034  2530.670  217.6029  0.0000 
Error  30  348.893  11.630     
Purity method  2  268.474  134.237  168.1349  0.0000 
AB  18  181.852  10.103  12.6541  0.0000 
Error  60  47.903  0.798     
Total  119  23623.156       
Coefficient of Variation: 1.24% 
 
  The highest pure seed content was obtained when the current method + pick pure seed from light 
fraction (PL) was used; the lowest when the official method (OM) was used and the current method + pick 
both fractions (PB): pure seed from the light fraction and inert matter from the heavy fractions was in between 
(Table 2 and Fig. 1).  
  The pure seed contents of five out of the ten samples used in the study were within tolerance whether 
the official method (OM) or the official method + pick pure seed from light fraction (PL) was used (Table 2). 
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Table 2: Determination if Methods for Picking the Light Portion (PL) and Picking Both Light and Heavy Portions (PB) are in Tolerance with the 
Results of the Official Method (OM) 
        Difference between 

methods 
         

  Percent of pure seeds evaluated by three methods   AOSA Rules 
Table 13A 

     

  Official AOSA 
method (OM) 

Pick pure 
seed from 
light portion 
(PL) 

Pick both light 
and heavy 
portions (PB) 

      tolerances 
for both 
means of: 

     

              (PL+OM)/2  PL‐OM   PB‐OM
            Mean of  and  Within Mean Within
Sample #  %  %  % PL‐OM PB‐OM (PL+OM)/2  (PB+OM)/2 Tolerance (PB+OM)/2 Tolerance
1  65.30  68.36  67.83 3.06 2.53 66.83  3.44 Yes 66.57 Yes
2  55.29  63.11  62.67 7.82 7.38 59.20  3.65 No 58.98 No
3  99.48  99.55  99.55 0.07 0.07 99.52  0.54 Yes 99.52 Yes
4  71.57  78.42  78.16 6.85 6.59 75.00  3.18 No 74.87 No
5  48.57  53.15  52.84 4.58 4.27 50.86  3.65 No 50.71 No
6  78.38  80.45  79.69 2.07 1.31 79.42  2.99 Yes 79.04 Yes
7  72.12  73.61  73.06 1.49 0.94 72.87  3.26 Yes 72.59 Yes
8  64.92  67.68  66.13 2.76 1.21 66.30  3.44 Yes 65.53 Yes
9  87.71  88.10  86.43 0.39 ‐1.28 87.91  2.47 Yes 87.07 Yes
10  53.98  58.93  58.63 4.95 4.65 56.46  3.65 No 56.31 No
Mean  69.73  73.14  72.50 3.40 2.77 71.44  3.33 No 71.12 Yes
Max  99.48  99.55  99.55 7.82 7.38
Min  48.57  53.15  52.84 0.07 ‐1.28
Max‐Min  50.91  46.40  46.71 7.75 8.66
SD  15.78  13.98  14.10 2.61 2.85
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Figure 1: Comparative Chart of Purity Percentages of Three Methods on Ten Blue Grama Samples 

 
 
 

Table 3: Four Replicate Total of Blue Grama Units Removed from the Light and Heavy Portions of the Blowing 
Procedure 
  Light Portion  Heavy Portion   

Sample  # Florets  Weight (gms)  # Empty florets  Weight (gms)  Net Weight (gms) 
1  124  0.0648  36  0.0112  0.0536 
2  352  0.1665  33  0.0095  0.1570 
3  4  0.0015  0  0.0000  0.0015 
4  201  0.1130  17  0.0054  0.1076 
5  192  0.0929  18  0.0062  0.0867 
6  93  0.0437  48  0.0160  0.0277 
7  74  0.0303  32  0.0112  0.0191 
8  124  0.0694  85  0.0317  0.0377 
9  20  0.0219  119  0.0358  ‐0.0139 
10  229  0.1073  21  0.0065  0.1008 

Every sample had florets with caryopses in the light portion (ranged from 4 to 352 florets). Only one sample 
had no empty florets in the heavy portion. There was much more impact on the purity percentage from the 
florets removed from the light portion, than the empty florets removed from the heavy portion. One sample 
(#9) had more empty florets in the heavy portion than florets in the light portion, and this impact would lower 
the purity compared to the official method.  
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1 = Official AOSA purity method (OM).
2 = Official AOSA method + pick up pure seed from the light fraction (PL).
3 = Official AOSA method + pick up pure seed from light fraction and inert from heavy fraction (PB). 

LSD (0.05)= 1.26 
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Table 4: Total Viability of the Ten Seed Samples in this Study, Based on the Official (OM), Pick Light (PL) and 
Pick Both (PB) Methods 
Sample #  Total Viable 

Official 
Method (OM) 

Total Viable 
Pick Light 

(PL) 

Total Viable 
Pick Both 

(PB) 
1  88  87  89 
2  87  86  87 
3  96  96  96 
4  89  88  89 
5  92  92  93 
6  89  89  91 
7  56  56  57 
8  81  80  84 
9  86  86  90 
10  92  91  92 

Mean  86  85  87 
This table is included to help calculate the pure live seed (PLS) percentage in table 5 to help illustrate the 
financial impact the official method has on the seed industry by blowing florets with caryopses into the light 
portion. 
 
The data in this study presents a maximum difference of 7.82% between the official method (OM) and the pick 
light method (PL) (Table 2). There is a maximum difference of 7.38% between the official method (OM) and the 
pick both light and heavy portions method (PB) (Table 2). When comparing both the pick light (PL) and the pick 
both methods (PB) with the official method (OM), four of the 10 lots were out of tolerance (Table 2). When 
considering the 3.40 difference between the official method and the pick light method, and the 2.77% 
difference between the official method and the pick both method, we see real accuracy issues, which can cost 
seed growers many dollars, and cause the buyer to purchase more seed than necessary (Table 2). The total 
viability means of the 10 samples were 86% official method (OM), 85% pick light method (PL), and 87% pick 
both method (PB) shown in table 4. 
 
Table 5: Financial Impact on the Seed Industry between Three Purity Methods 
  Official Method (OM)  Pick Light (PL)  Pick Both (PB) 
Purity% Mean of 10 lots  69.73  73.14  72.50 
Total Viability Mean of 10 lots  86  85  87 
PLS=(Purity X Total Viable)/100  59.67  62.17  63.08 
PLS on 20,000# lot  11,934  12,435  12,616 
$/PLS  8.50  8.50  8.50 
Total $ value of lot  $101,439  $105,697  $107,236 
$ loss compared to OM    $‐4,258  $‐5,797 
Table 5 shows that when comparing the official method (OM) to the pick light method (PL), the average 
decreased value of the 20,000 lb. (average size) seed lots is $‐4,258. When comparing the official method (OM) 
to the pick both method (PB), the average decreased value of the 10 seed lots is $‐5,797.  
 
Conclusion: 
Answers to the objectives stated for this study follow: 

1. All 10 samples had florets with caryopses blown to the light portion when the official method (OM) 
was applied. Table 3 shows a range of 4 to 352 florets with caryopses blowing into the light portion. 
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2. Nine of ten samples had varying amounts of empty florets in the heavy portion of the official method 
(OM). Table 3 shows a range of 0 to 119 empty florets found in the heavy portion. 

3. There was a wide range on the net effect of removing florets with caryopses from the light portion and 
empty florets from the heavy portion of the official method (OM). Table 3 shows the range was ‐
0.0139 to 0.1570 grams net difference. 

4. Four of the ten samples tested were out of tolerance (Table 2) according the table 13A of the AOSA 
rules. Nine of the ten samples resulted in higher purity percentages by hand picking vs. the official 
method (Table 2). 

5. Fine‐tune the blowing method to be more accurate: The results of this study indicate the major area to 
“fine‐tune” is hand‐picking the light portion for florets with caryopses. There might be times where the 
heavy portion should also be hand‐picked. The results suggest that something needs to be done to 
improve the blowing procedure of blue grama. A protocol involving hand‐picking the light portion in all 
cases, and determining a way to selectively hand‐pick the heavy portion when needed, should be 
explored. 

 
Based on the above studies, fine‐tuning the current blowing procedure as proposed will produce accurate, 
consistent and efficient results. It is the seed grower who is being hurt the most, since seed companies buy on 
the test results based on the AOSA rules. Many dollars have been lost in the blue grama seed industry, and 
saving a few dollars on a more efficient test with the official method today, is far out‐weighted by the losses to 
the seed growers. The seed industry has been asking for a solution to this problem since we began using the 
blowing point procedure in 1981, and this study has reinforced their concern. 
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Rule Change Proposal – Seed Counts 
 

For Review Only 
 
Purpose:  To combine the existing procedures in Section 12 for mechanical seed 
counts and Appendix 3 for determination of sample working weights for kinds not listed 
in Table 2A (non-mechanical seed counts) into one section and to clarify the source of 
the seed to be used for non-mechanical seed counts.  No significant changes are made 
to either procedure.   
 
Present Rule: 
 
SECTION 12:  MECHANICAL SEED COUNT 
 
The following method shall be employed when using a mechanical seed counter to determine the 
number of seeds contained in a sample of soybean (Glycine max), corn (Zea mays), wheat 
(Triticum aestivum) and field bean (Phaseolus vulgaris). 
 
12.1 Samples.  
 

Samples for testing shall be of at least 500 grams for soybean, corn and field beans and 
100 grams for wheat and received in moisture proof containers.  Samples shall be 
retained in moisture proof containers until the weight of the sample prepared for purity 
analysis is recorded.  

 
12.2 Seed counter calibration. 
 

The seed counter shall be calibrated daily prior to use. 
 
(a) Prepare a calibration sample by counting 10 sets of 100 seeds.  Visually examine each 

set to insure that it contains whole seeds.  Combine the 10 sets of seeds to make a 
1,000 seed calibration sample.  The seeds of the calibration sample should be 
approximately the same size and shape as the seeds in a sample being tested.  If the 
seeds in a sample being tested are noticeably different in size or shape from those in 
the calibration sample, prepare another calibration sample with seeds of the 
appropriate size and shape.  Periodically re-examine the calibration samples to insure 
that no seeds have been lost or added. 

 
(b) Carefully pour the 1,000 seed calibration sample into the seed counter.  Start the 

counter and run it until all the seeds have been counted.  The seeds should not touch 
as they run through the counter.  Record the number of seeds as displayed on the 
counter read out.  The seed count should not vary more than ±2 seeds from 1,000.  If 
the count is not within this tolerance, clean the mirrors, adjust the feed rate and/or 
reading sensitivity. Rerun the calibration sample until it is within the ±2 seed 
tolerance.  If the seed counter continues to fail the calibration procedure and the 
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calibration sample has been checked to ensure that it contains 1,000 seeds, do not use 
the counter until it has been repaired. 

 
12.3 Sample preparation. 
 
 Immediately after opening the moisture proof container, mix and divide the submitted 

sample, in accordance with section 2.2, to obtain a sample for purity analysis and record 
the weight of this sample in grams to the appropriate number of decimal places (refer to 
section 2.3 a). Conduct the purity analysis to obtain pure seed for the seed count test. 

 
12.4 Conducting the test. 
 
 After the seed counter has been calibrated, test the pure seed portion from the purity test 

and record the number of seeds in the sample. 
 

12.5 Calculation of results. 
 

Calculate the number of seeds per pound to the nearest whole number using the following 
formula: 

 

Number of seeds per pound =  453.6 g/lb × no. of seeds counted in d. 
weight (g) of sample analyzed for purity 

 
12.6 Tolerances for results from different laboratories. 
 

Multiply the labeled seed count or first seed count test result by four percent for soybean 
samples, two percent for corn (round, flat or plateless) samples, five percent for field 
bean samples and three percent for wheat samples.  Express the tolerance (the number of 
seeds) to the nearest whole number. Consider the results of two tests in tolerance if the 
difference, expressed as the number of seeds, is equal to or less than the tolerance. 

 
Example: 

 
Kind of seed:  Corn 
Label claim (1st test):  2275 seed/lb. 
 
Lab Test (2nd test): Purity working weight = 500.3 g 
 Seed count of pure seed = 2479 seeds 
   

Number of seeds per pound = 
453.6 g/lb × 2479 seeds 

= 2247.6 seeds/lb 
500.3 g 

  
Rounded to the nearest whole number = 2248 seeds/lb 

 
Calculate tolerance value for corn:   

 
Multiply label claim by 2% 
2275 seeds/lb × 0.02 = 45.5 seeds/lb;  
Rounded to the nearest whole number = 46 seeds/lb 
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Determine the difference between label claim and lab test: 
 

2275 seeds/lb – 2248 seeds/lb = 27 seeds/lb 
 
The difference between the lab test (2nd test) and the label claim (1st test) is less than the tolerance  
(27 < 46); therefore, the two results are in tolerance. 
 
 
 

APPENDIX 3:  DETERMINATION OF WEIGHT OF WORKING SAMPLES FOR KINDS 
NOT LISTED IN TABLE 2A 

 
To determine the weight of the purity working sample and its corresponding noxious-weed seed 
working sample the Weight Determination Method will be followed (adapted from: International 
Seed Testing Association, Rules for Seed Testing, Chapter 10. Weight Determination). 
 
From the working sample count out at random, by hand or with a germination counter, eight 
replicates, each of 100 seeds. Weigh each replicate in grams to four significant figures (see 
Appendix 2).  With small-seeded kinds it is not necessary to weigh the replicates with greater 
precision than four decimal places. 
 
Calculate the variance, standard deviation and coefficient of variation as follows: 
 
 
 
 
 
  Where x = weight of each replicate in grams 
   N = number of replicates 
   ∑ = sum of 
 

Standard deviation(s) = square root of Variance  
 
 
 
 
If the coefficient of variation does not exceed 6.0 for chaffy seeds, or 4.0 for other seeds, the 
result of the determination can be calculated. 
 
If the coefficient of variation exceeds whichever of these limits is appropriate, count and weigh a 
further eight replicates and calculate the standard deviation for the 16 replicates. Discard any 
replicates that diverge from the mean by more than twice the standard deviation so calculated. 
 
To calculate the minimum weight for purity analysis (grams): multiply the mean weight of 100 
seeds by 25 (2,500 seed weight). 
 
To calculate the minimum weight for noxious weed seed or bulk examination (grams): multiply 
the minimum weight for purity analysis by 10. 

Variance  = N∑x2–(∑x) 2 
N(N–1) 

Coefficient of variation  = Standard deviation × 100 Mean weight of 100 seeds 
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To calculate the approximate number of seeds per gram: divide 100 (the number of seeds) by the 
mean weight (of the 100 seed replicates). 
 
To calculate the approximate number of seeds per ounce: multiply the approximate number of 
seeds per gram by 28.35. 
 
For species which have small and large seeded varieties, more than one morphological seed 
form, or have seed weights which may vary with processing, counts should be made for each 
type. 

 
Proposed rule: 
 
SECTION 12: SEED COUNT AND WORKING WEIGHT DETERMINATIONS 
 
Procedures outlined in this section may be used to: (1) determine the number of seeds per unit 
weight, and (2) determine the appropriate weights of purity analysis and noxious weed seed 
exam working samples for kinds with unusually small or large seeds or for kinds not listed in 
Table 2A.   
 
12.1  General procedures that apply to mechanical and non-mechanical seed counts. 

 
Samples requiring seed counts should be received and retained in moisture proof containers 
until the required tests are to be conducted [refer to section 12.2a(2) for when moisture proof 
containers are mandatory].  Only pure seed units shall be used in seed count and working 
sample weight determinations (refer to section 3.2) 

 
12.2  Seed count procedures 
 

Two methods of seed counts are described; mechanical seed count and non-mechanical seed 
count.   

 
a. Mechanical seed count 

 
The following method shall be employed when using a mechanical seed counter to 
determine the number of seeds contained in a sample of soybean (Glycine max), corn 
(Zea mays), wheat (Triticum aestivum), and field bean (Phaseolus vulgaris).  This 
method is restricted to the species stated above. 

 
(1)  The seed counter shall be calibrated daily prior to use. 
 

(a) Prepare a calibration sample by counting 10 sets of 100 seeds.  Visually examine 
each set to insure that it contains whole seeds.  Combine the 10 sets of seeds to 
make a 1,000 seed calibration sample.  The seeds of the calibration sample should 
be approximately the same size and shape as the seeds in a sample being tested.  
If the seeds in a sample being tested are noticeably different in size or shape from 
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those in the calibration sample, prepare another calibration sample with seeds of 
the appropriate size and shape.  Periodically re-examine the calibration samples to 
insure that no seeds have been lost or added. 

 
(b) Carefully pour the 1,000 seed calibration sample into the seed counter.  Start the 

counter and run it until all the seeds have been counted.  The seeds should not 
touch as they run through the counter.  Record the number of seeds as displayed 
on the counter read out.  The seed count should not vary more than ±2 seeds from 
1,000.  If the count is not within this tolerance, clean the mirrors, adjust the feed 
rate and/or reading sensitivity. Rerun the calibration sample until it is within the 
±2 seed tolerance.  If the seed counter continues to fail the calibration procedure 
and the calibration sample has been checked to ensure that it contains 1,000 seeds, 
do not use the counter until it has been repaired. 

 
(2)  Samples for testing shall be of at least 500 grams for soybean, corn, and field beans, 

and 100 grams for wheat and received in moisture proof containers.  Samples shall be 
retained in moisture proof containers until the weight of the sample prepared for 
purity analysis is recorded.  

 
  (3) Immediately after opening the moisture proof container, mix and divide the submitted 

sample, in accordance with section 2.2, to obtain a sample for purity analysis and 
record the weight of this sample in grams to the appropriate number of decimal places 
(refer to section 2.3 a). Conduct the purity analysis to obtain pure seed for the 
mechanical seed count test. 
 

 (4) After the seed counter has been calibrated, run the entire pure seed portion from the 
purity test through the mechanical seed counter and record the number of seeds in the 
sample. 

 
(5) Calculate the number of seeds per pound to the nearest whole number using the 

following formula: 
 

Number of seeds per pound =  453.6 g/lb × no. of seeds counted in d. 
weight (g) of sample analyzed for purity 

 
(6) Tolerances for results from different laboratories.  Multiply the labeled seed count or 

first seed count test result by four percent for soybean samples, two percent for corn 
(round, flat or plateless) samples, five percent for field bean samples, and three 
percent for wheat samples.  Express the tolerance (the number of seeds) to the nearest 
whole number. Consider the results of two tests in tolerance if the difference, 
expressed as the number of seeds, is equal to or less than the tolerance. 
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Example: 
Kind of seed:  Corn 
Label claim (1st test): 2275 seed/lb. 
Lab Test (2nd test): Purity working weight = 500.3 g 

  Seed count of pure seed = 2479 seeds 
   

Number of seeds per pound = 
453.6 g/lb × 2479 seeds 

= 2247.6 seeds/lb 
500.3 g 

  
Rounded to the nearest whole number = 2248 seeds/lb 

 
Calculate tolerance value for corn:   
 

Multiply label claim by 2% 
2275 seeds/lb × 0.02 = 45.5 seeds/lb;  
Rounded to the nearest whole number = 46 seeds/lb 

 
Determine the difference between label claim and lab test: 

 
2275 seeds/lb – 2248 seeds/lb = 27 seeds/lb 

 
The difference between the lab test (2nd test) and the label claim (1st test) is less than the tolerance  
(27 < 46); therefore, the two results are in tolerance. 

 
b. Non-mechanical Seed Count 

 
(1) For kinds not listed in Table 2A.  

When the minimum working weight for purity analysis is not given in Table 2A 
pure seed units for the non-mechanical seed count shall be obtained by one of the 
following methods:  
(a) When the pure seed fraction is estimated to be at least 98 percent, pure seed 

for the non-mechanical seed count test shall be taken indiscriminately from 
a representative portion divided from the bulk in accordance with section 
2.2, or  

(b) When the pure seed fraction is estimated to be less than 98 percent, the 
pure seed for the non-mechanical seed count test shall be obtained by 
separating a representative portion divided from the bulk in accordance 
with section 2.2, into two components as follows: (a) pure seed and (b) 
other crop seed, weed seed and inert matter.   

 
(2) For kinds listed in Table 2A. 

(a) When a purity analysis is conducted seed units for the non-mechanical seed 
count shall be taken indiscriminately from the pure seed. 

(b) When a purity analysis is not conducted seed units for the non-mechanical 
seed count shall be obtained by one of the methods described in section 
12.2a(1)(a).  For kinds listed in section 3.6b, the procedure in section 3.6 
shall also apply. 
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(3) Conducting the non-mechanical seed count (adapted from: International Seed 
Testing Association, Rules for Seed Testing, Chapter 10. Weight Determination). 

 
(a) From the working sample count out at random without regard to size, by hand 

or with a germination counter, eight replicates each of 100 seed units. Weigh 
each replicate in grams to four significant figures (see Appendix 2).  With 
small-seeded kinds it is not necessary to weigh the replicates with greater 
precision than four decimal places. 

 
(b) Calculate the variance, standard deviation and coefficient of variation as 

follows: 
 
 
 
 
 
  Where x = weight of each replicate in grams 
   N = number of replicates 
   ∑ = sum of 
 

Standard deviation(s) = square root of Variance  
 
 
 
 

(c) If the coefficient of variation does not exceed 6.0 for chaffy seeds, or 4.0 for 
other seeds, the result of the determination can be calculated. 

 
(d) If the coefficient of variation exceeds whichever of these limits is appropriate, 

count and weigh a further eight replicates and calculate the standard deviation 
for the 16 replicates. Discard any replicates that diverge from the mean by 
more than twice the standard deviation so calculated. 

 
(e) Calculation of results.  To calculate the numbers of seeds per pound, per 

ounce, per gram, or per kilogram use the following formulas and round results 
to the nearest whole number. 

 

Number of seeds per pound = 453.6 g/lb × 100 
Mean weight (g) of 100 seed units 

 

Number of seeds per ounce = 28.35 g/oz × 100 
Mean weight (g) of 100 seed units 

 

Number of seeds per gram = 100 
Mean weight (g) of 100 seed units 

 
 

Variance  = N∑x2–(∑x) 2 
N(N–1) 

Coefficient of variation  = Standard deviation × 100 Mean weight of 100 seeds 
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Number of seeds per kilogram = 1000 g/kg × 100 
Mean weight (g) of 100 seed units 

 
 

(f) To determine the weight of the purity working sample and its corresponding 
noxious-weed seed working sample for kinds not listed in Table 2A refer to 
section 2.3b(2), or for kinds listed in Table 2A with unusually small or large 
seed units [refer to section 2.3b(3)] the following calculations shall apply.   

 
i. To calculate the minimum weight for purity analysis multiply the mean 

weight of 100 seed units (grams) by 25 (2,500 seed weight). 
 

ii. To calculate the minimum weight for noxious weed seed or bulk 
examinations multiply the minimum weight for the purity analysis (grams) 
by 10. 

 
(g) When comparing two tests within a laboratory or among laboratories, if each 

test does not exceed the allowable coefficient of variance (i.e., 6.0 for chaffy 
seeds and 4.0 for other seeds), the two tests are considered to be in tolerance. 

 
 
Harmonization statement:  The procedure for non-mechanical seed counts was 
adapted from the ISTA Rules and added to the AOSA Rules several years ago. 
 
Supporting evidence:  The procedures for mechanical and non-mechanical seed 
counts are not significantly changed from the current procedures described in Section 
12 Mechanical Seed Counts and Appendix 3 Determination of Weight of Working 
Samples for Kinds Not Listed in Table 2A.  The purpose of the proposal is to simplify the 
Rules by combining these two sections of the Rules into one section primarily focused 
on seed counts.  Data derived from non-mechanical seed counts may be used to 
determine the purity, noxious, and bulk sample working weights for kinds not included in 
Table 2A and for kinds listed in Table 2A with unusually small or large seeds.  Although 
the order of appearance of some information has been rearranged, the procedures have 
not changed. A section was added to describe the possible sources of seed for non-
mechanical seed counts, which are essentially the same as those described for 
germination testing.  Also included is the recommendation for use of moisture proof 
containers, working formulas for calculating the test results for seed counts, and 
tolerances for comparing the results of two tests. 
 
Submitted by:  Cindy Finneseth (Rules Committee Chair) and Deborah Meyer (Purity 
Subcommittee Chair). 
 
Date submitted: December 1, 2009; revised January 25, 2010. 
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Rules Change Review Proposal – Identification of ryegrass types 
 

For Review Only 
 

PURPOSE OF PROPOSAL:  To add additional or optional test methods to further identify 
ryegrass growth types. 
 
PRESENT RULE: This is a new Rule. 
 
PROPOSED RULE: 
 
5.2 Identification and cultivar determination 

… 
c.  Grow-out tests 
… 
d.  PCR tests to predict growth-type in ryegrass. 
 

(1)  Allelic discrimination is a method that can be used to predict growth types of 
ryegrasses based on multiple genetic markers of genes involved in flowering control 
of grasses. Testing protocols are included in the AOSA Cultivar Purity Testing 
Handbook, Contribution No. 33 to the Handbook on Seed Testing, AOSA, 2008, and 
subsequent updates. 
 

 
HARMONIZATION AND IMPACT STATEMENT:  Canada Methods and Procedures and 
ISTA rules do not require fluorescence testing on ryegrass; therefore there is no need for 
further clarifications to the false positives provided by Allelic Discrimination testing. The 
FSA does not address genetic testing. The AASCO in their 2009 meeting requested that 
AOSA investigate solutions to the SRF and GOT tests. 
 
SUPPORTING EVIDENCE: 
Seed analysts have known for years that the Seedling Root Fluorescence Test (SRF) in 
ryegrass has been a problem. Generally, germinating Italian (or annual) ryegrass 
seedlings fluoresce under ultraviolet light and perennial ryegrass does not. False positives 
occur due to lack of complete test standardization, age of seed, seed analyst subjectivity in 
scoring results, and plant biology (Floyd and Barker, 2002). This false-positive bias has 
been costly to grass seed growers who receive lowered seed payments and costly to seed 
companies because of inappropriately labeled seed being sold to the consumer.  
 
An accurate test that detects both physical (mixtures) and genetic (pollen flow) 
contamination of Italian ryegrass in perennial ryegrass cultivars is necessary, especially if 
the perennial ryegrass seed is for permanent turf. Contamination of perennial turf with 
annual type ryegrasses detracts from the otherwise aesthetically pleasing appearance of 
perennial ryegrass with dark-green color and fine turf texture. Other than a physical plant 
grow-out test for each seed lot (Barker et al., 2002, Nittler and Kenny, 1972), SRF is the 
only accepted test for detecting the presence of Italian ryegrass in seed lots of perennial 
ryegrass. Additionally, tolerances are not applied to test results from year to year, or field 
to field. 
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To alleviate the income loss to seed growers, a maturity grow-out test (GOT) was 
developed and implemented for labeling seed in 2001. After several years experience with 
the GOT, we found that the GOT is causing problems in the grass seed industry as well. 
Research showed that it consistently underestimated annual-type plants in the SRF 
seedlings. This is because the implemented GOT is conducted for too short a time and 
artificial lighting conditions are not standardized at high enough intensity levels. 
 
A new genetic test, (referred to as Allelic Discrimination (A/D)) is an optional test used as a 
supplement to the SRF. It is a replacement to the ryegrass grow-out test and can be used 
in VFL determinations. This test is a method to predict growth types of individual ryegrass 
plants based on multiple genetic markers of genes involved in flowering control of grasses. 
The two genes are the indeterminate (LpID1) and one of the vernalization (LpVrn-1) genes. 
To reduce costs involved in conducting this TaqMan® assay, it is conducted on individual 
seedlings and is done on all individual seedlings that have fluorescent root traces as done 
in the GOT. Up to 25 non-fluorescent seedlings and 25 seedlings from an Italian (or 
annual) ryegrass cultivar are included in the test as controls. Once allelic determination for 
each seedling has been made, results are reported the same as with the GOT. 
 
For the past 13 to 14 years, Barker from USDA/ARS in cooperation with Oregon State 
University, Agri Seed Testing and others have been working on a PCR test that is faster 
and more accurate than either the SRF test or the GOT. An Allelic Discrimination (A/D) test 
was developed based on single nucleotide polymorphisms (SNPs) to two major genes 
involved in the flowering control process in grasses. A SNP is an allele, which is an 
alternate form of a gene. SNPs of the indeterminate gene (LpID1) and one of the 
vernalization genes (LpVrn-1) are used in the A/D test. Implementation of this rule will be 
more accurate than GOT for ryegrass because it is based on actual flowering control 
genes, it will remove the bias to SRF tests, lessen the burden placed on seed growers, 
and provide answers six weeks earlier than a GOT and at similar costs for low 
contamination seed lots. 

 
A. Current data:  Twenty-two seed lots chosen for their wide range of SRF values 

were examined to verify that the A/D tests could be conducted on a commercial 
scale.  Agri Seed Testing provided the seed test data and GGT conducted the A/D 
analyses. Seed for each seed lot were germinated, a SRF conducted, and a grow-
out test started according to AOSA protocols. During the grow-out, a leaf from each 
plant was harvested, DNA extracted, and an A/D conducted for both LpVrn-1 and 
LpID1. Annual-like and perennial-like using the markers was determined using a 
multi-point decision.  
 

 From the A/D test, individual plants were determined to be “annual-like” or 
“perennial-like.” This determination was made using a multi-point decision process. 
Plants that had roots that were fluorescing (FL+) were declared annual-like if either 
LpVrn-1 or LpID1 had an “annual” allele. For non-fluorescing plants (FL-), two 
“annual” alleles were needed to declare it annual-like. This is a “two of three” 
marker determination (called GGT M*3 AR/PR test). Multiple markers are more 
reliable than one marker alone, unless the marker is the actual “annuality” gene, if 
there is one. 
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 Values were used as described in the AOSA Cultivar Purity Testing Handbook 
“Grow-Out of Fluorescent Ryegrass Seedling to Differentiate Between Annual and 
Perennial Types” to calculate actual “annual-type” contamination (%) (Table 1). 

 
Table 1. Annual-type contamination in 
perennial ryegrass seed lots (%) as 
determined by the GOT formulae for both 
the GOT and molecular markers. 

 
 
                               (Table 1. Continued)

 

Test# TFL 
From 

grow-out 

Using 
molecular 
markers 

 - - - - - - - - - - % - - - - - - - - - -
59216 5.39 0.60 0.90 
59337 5.29 0.28 1.11 
59669 6.50 0.00 0.89 
60079 8.84 1.26 4.42 
60080 9.83 2.53 6.65 
60660 11.65 1.36 6.78 
61248 4.01 0.27 1.07 
61249 7.22 1.67 4.16 
61490 0.75 0.00 0.00 
61491 1.16 0.00 0.00 
61492 0.83 0.00 0.09 
61493 1.24 0.00 0.31 

Test# TFL 
From 

grow-out

Using 
molecular 
markers 

 - - - - - - - - - - % - - - - - - - - - - 
61494 0.94 0.00 0.00 
61495 2.56 0.09 0.28 
61496 1.10 0.00 0.00 
61497 2.90 0.00 0.68 
61761 22.04 3.54 14.59 
62408 8.99 0.00 4.17 
62409 6.29 0.00 0.39 
62411 4.31 0.00 2.16 
62476 13.67 1.09 6.27 
62477 10.93 0.00 0.33 
Mean 6.20 .58 2.51 

 

The Variety Fluorescent Level (VFL) determines the number of FL+ plants that 
should actually be classed as “perennial-like.” Table 2 uses numbers to calculate 
results as if each lot was a “VFL.” 

 

Table 2. Annual-type contamination (as VFL*) 
in perennial ryegrass as determined by the 
GOT formulae for both the GOT and 
molecular markers. 

 
 
(Table 2. Continued) 

Test# TFL 

From 
grow-

out 

Using 
molecular 
markers 

 - - - - - - - - - - % - - - - - - - - - -
59216 5.39 4.79 4.49 
59337 5.29 5.01 4.18 
59669 6.50 6.50 5.62 
60079 8.84 7.58 4.42 
60080 9.83 7.30 3.18 
60660 11.65 10.30 4.88 
61248 4.01 3.74 2.94 
61249 7.22 5.55 3.05 
61490 0.75 0.75 0.75 
61491 1.16 1.16 1.16 
61492 0.83 0.83 0.73 
61493 1.24 1.24 0.93 

 

Test# TFL 
From 

grow-out 

Using 
molecular 
markers 

 - - - - - - - - - - % - - - - - - - - - -
61494 0.94 0.94 0.94 
61495 2.56 2.47 2.28 
61496 1.10 1.10 1.10 
61497 2.90 2.90 2.12 
61761 22.04 18.51 7.45 
62408 8.99 8.99 4.82 
62409 6.29 6.29 5.89 
62411 4.31 4.31 2.16 
62476 13.67 12.58 7.41 
62477 10.93 10.93 10.60 
Mean 6.20 5.63 3.69 

*Assumes the Variety Fluorescence Level 
(VFL) of the perennial seed lot was 0%, 
the annual check was 100%, and purity at 
100% ryegrass. 
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Eight of the seed lots (in bold) were actually being tested for VFL. Lots 61490 
through 61493 were from the cultivar Prosport 2 and 61494 through 61497 were 
from Pacesetter II. The VFL using GOT values were 1.87 for Prosport 2 and 0.99 for 
Pacesetter II. Using DNA marker values were 1.64 for Prosport 2, and 0.90 for 
Pacesetter II. Results for actual VFL are similar between GOT and molecular 
markers, but are obtained six weeks earlier when using molecular markers.  
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