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PREFACE

In the field of seed technology there is a wealth of technical informa-
tion that has never been brought together in a form immediately avail-
able to laboratory workers. Some of this information has been
published in journals and proceedings of associations and societies of
widely differing interests, and in mimeographed form, whereas some
has never been published. In order that much of the practical infor-
mation may be readily available to seed technologists, instructions for
conducting laboratory tests and pertinent background information are
set forth in this publication.

With respect to the results obtainable in seed testing there are two
principal requirements: (1) The results should indicate, as nearly as
possible, the actual planting quality of the seed lot; and (2) the tests
should be made in such a manner that the results can be reproduced
within calculated limits. During the last 50 years seed testing in the
United States has developed to the extent that rather specific rules or
instructions for carrying out the tests have been devised and published.
These rules are the basic guides for officially testing seed in the admin-
istration of Federal and State seed laws and are generally followed by
private and commercial technologists as well. In spite of these specific
rules, however, wide variations frequently exist among laboratories,
with respect to test results on seeds of the same quality. One of the
principal reasons for these variations is the lack of detailed instruc-
tions for the application of the rules for seed testing.

This manual has been prepared primarily as a working tool to be
used for instruction purposes aimed at reducing the variations in test
results. If used by seed technologists generally, the manual can serve
as an important instrument in standardizing procedures, equipment,
and interpretations with the result that these variations should de-
crease. It may also serve temporarily as an instruction manual in
agricultural colleges and provide the necessary incentive to encourage
additional colleges to offer instruction in seed technology, thus alleviat-
ing the present critical personnel situation.

Seed technology covers a broad field. It includes a knowledge of
seeds of agricultural, vegetable, flower, herb, orchard, and forest plants
as well as of equipment and supplies essential to testing. Owing to
the fact that this manual has been prepared primarily for technologists
working on those kinds of commercial seeds which are subject to Fed-
eral and State regulation, the information contained herein is limited
to agricultural and vegetable seeds, domestic or imported.

An attempt has been made to present the information in the most
usable arrangement without undue repetition. To accomplish this
it seemed necessary to include in certain sections information appli-
cable to many or all kinds of seeds and in other sections information
applicable to smaller but related groups of seeds. Those workers
and students who may be interested in more basic information per-
taining to seeds will find three brief treatments near the back of the
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manual under the headings: “Development, Structure, and Hereditary
Characteristics of Seeds,” “Physiology of Seeds,” and “Pathological
Considerations in Seed Testing.” In order to present the information
in a concise manner it was necessary to use certain technical and in-
frequently used common terms. Thus, a glossary of terms has been
provided for the reader on pages 319 to 327.

This manual supersedes Miscellaneous Publication No. 437, Test-
ing Farm Seeds in Home and School, published in 1942,
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INTRODUCTION

SEED is both an important item in commerce and a basic commodity

in agriculture, being essential for the propagation of crops and per-
petuation of germ plasm. It is of extreme importance that the grower
know something of the quality of the seeds he plants. However, it
is not possible for the average person interested in seeds to learn
much of their quality by visual examination. Thus, the responsibil-
ity of providing information pertaining to seed quality has been
placed upon the seed merehant, and State and Federal governments
are charged with the responsibility of checking to determine whether
the requirements are carried out.

To meet these responsibilities, the seed must be tested (1) by the
seed merchant in order to label it properly, and (2) by the seed con-
trol official to determine whether it is correctly labeled when offered
for sale. The primary objective in seed testing is to obtain accurate
and reproducible results regarding the purity composition, rate
of occurrence of noxious-weed seeds, and percentage of seeds that
can be expected to produce normal plants under favorable conditions.
In some instances such additional information as presence of seed-
borne fungi, origin, or varietal purity, is desired. Thus, seed testing
provides information for: (1) Planting purposes; (2) labeling pur-
poses; (3) establishing prices; and (4) seed control work.

RULES FOR TESTING SEED

The result of a test on a seed sample should be a fair measure of
its quality and the test should be made by such methods that the results
can be reproduced by other laboratories testing like samples. To
make the latter possible, rules for seed testing have been developed
and published. The present rules are rather specific in their require-
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‘ments, which is essential if uniform test results are to be expected.
Although specific rules are desired, caution must be observed in de-
veloping them so as not to exclude the proper testing of seed stocks
which do not respond to the usual testing conditions for the kinds
under- consideration. Frequently, seed lots of a given kind differ in
their germination requirements, the difference depending on such
factors as: (1) Length of time between harvest and test date; (2)
conditions during seed maturation; and (8) storage conditions sub-
sequent to harvest.

The rules for seed testing must be practical and capable of applica-
tion. Owing to the large number of samples that laboratories are ex-
pected to test, the methods must permit testing with a minimum of
effort and time on the part of the analyst, and the demands for early
test results usually require that the tests be completed within the least
number of days possible. Formerly, the work load in many labora-
tories was not heavy and many samples could be handled as minor
research problems, but that is not possible in the average laboratory
today.

Tlf; earliest rules for seed testing in the United States were pub-
lished as Circular No. 34 of the Office of Experiment Stations, United
States Department of Agriculture, in 1897, under the title “Rules and
Apparatus for Seed Testing.” There have been numerous revisions
and improvements in the rules since that time, some revisions having
been published by the United States Department of Agriculture and
some by the Association of Official Seed Analysts. Two sets of Rules
for Seed Testing are in use in the United States. These have been
developed jointly by the U. S. Department of Agriculture and the As-
sociation of Official Seed Analysts and are published separately by
each (48,6).* Owing to the close cooperation in developing the rules
there are only a few minor differences in the two sets of rules. Hence,
the expressions “Rules for Seed Testing” or “rules” as used in this
publication will refer to both sets of rules. These can be found on
pages 3828 to 368 in this manual.

Seed-testing stations in other countries have their own rules for
seed testing. The Scandinavian countries have developed a set of
rules to be used in Denmark, Norway, and Sweden. The International
Seed Testing Association has had a set of international rules in effect
since 1934. These rules are rather general but are currently being
revised along the lines of the American and Canadian rules.

Improvement in the methods of testing seed is highly desirable. It
may include: (1) Reducing the total amount of effort required in
maKing the tests; (2) completing tests within a shorter period of time;
(3) obtaining more accurate and uniform results than present methods
permit; (4) new kinds of agricultural and vegetable seeds; and (5)
additional groups of seeds such as flower seeds and tree seeds. There
are two means of obtaining data for improving the methods of testing :
(1) By aecumulation of results from routine testing, particularly when
more than one method is employed ; and (2) through research designed
to solve specific problems. DBoth methods have been important in
developing the present rules but most improvements in technique at
present result from research. This will probably continue to be the
case in the future.

* Italic numbers in parentheses refer to Literature Cited, pp. 297 to 299,
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FEDERAL SEED ACT

It is not within the scope of this manual to set out the complete
details of Federal and State laws and regulations relating to the sale,
transportation, and distribution of seed. The Federal Seed Act, en-
acted by the United States Congress in 1939, applies to imported seed
and to seed in interstate commerce.

IMPORTED SEED

Agricultural and vegetable seeds imported into the United States
must meet minimum standards for pure-live seeds, must not contain
more than 2 percent by weight of weed seeds, and must not contain
designated noxious-weed seeds in excess of the number specified in
the act. Imported alfalfa and red clover seeds must be stained to
indicate origin. Imported seed is not required to be labeled but if
labeled the information must not be false or misleading in any respect.

SEED IN INTERSTATE COMMERCE

Agricultural seed moving in interstate commerce is required to be
truthfully labeled to show: (1) The name of each kind, kind and
variety, or kind and type of agricultural seed present in excess of 5
percent; (2) percentages of pure seed, other crop seed, weed seed,
inert matter, germination, and hard seeds, when present; (3) the
name and rate of occurrence for each secondary or permissible noxious-.
weed seed and otherwise to comply with the noxious-weed seed re-
quirements of the State into which the seed is shipped; (4) the date
the test was made to determine the percentages of germination and
hard seeds shown on the label, and the test is required to have been
made within a 5-month period prior to shipment; (5) lot designation ;
and (6) name and address of shipper or name and address of consignee
together with the shipper’s code designation.

Vegetable seed is required to be labeled to show: (1) The name of
the kind and variety; and (2) name and address of shipper or name
and address of the consignee together with the shipper’s code designa-
tion. Vegetable seed must meet the minimum germination standards
established under the Federal Seed Act, or, if below standard, must
be labeled to show the percentage of germination, the percentage of
hard seed when present, the date of test, and the words “Below
Standard.”

STATE SEED LAWS

The interstate section of the Federal Seed Act is frequently referred
to as a Truth-in-Labeling Law and represents the pattern of the State
seed laws. However, there is considerable variation in detail among
the State seed laws. For example, a few States require that the name
of the variety be given on the label for agricultural seeds. Some
require that the germination test shall not have been made more than
6 months prior to the date the seed is sold whereas other States permit
as much as 12 months to elapse after the test and before sale, and a
few do not make any reference to the date of test.

The State seed laws differ more in their noxious-weed seed require-
ments than in any other respect. This difference applies to both the
manner in which the amounts of noxious-weed seeds are expressed and
in the species considered noxious. Although each State has its indi-
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vidual list of noxious-weed seeds some measure of success has been
gtta:ined with respect to establishing noxious-weed lists on a regional
asis.

Most States have a list of noxious-weed seeds which are prohibited,
and another list of seeds which are permitted up to an established
maximum provided the name and rate of occurrence of each kind
appear on the label. In some States the former are referred to as
“?’rohibited Weeds” and in other States as “Primary Noxious Weeds.”
Weeds falling into the second list are usually referred to as “Secondary
Noxious Weeds.” The early seed laws were enacted to protect the
consumer, but more recently 1t has become evident that good seed laws
coupled with good administration offer protection to the scrupulous.
seedsman as well as to his ultimate customer.

SEED-TESTING LABORATORIES IN THE UNITED STATES

In order to carry out the intent of the laws pertaining to seeds,
each State or Federal agency charged with administering such laws
must have means of testing seed samples. The seed laws in most
States are administered by the State departments of agriculture, al-
though in a few States administration of such laws is the responsi-
bility of the State colleges of agriculture or experiment stations. In
approximately one-half of the States the official seed-testing labora-
tories are located in the State departments of agriculture, whereas
in approximately 20 States they are located at the State colleges of
agriculture or experiment stations. In 4 States other provisions are
made for testing.

The Federal Seed Act is administered by the Grain Branch, Pro-
duction and Marketing Administration, U. S. Department of Agri-
culture. All testing incident to the administration of the act is
carried out by the Grain Branch, except that a few samples are tested
annually by the seed laboratory of the Board of Commissioners of
Agriculture and Marketing, Honolulu, T. H. Federal stations are
located at Beltsville, Md., New Brunswick, N. J., Minneapolis, Minn.,
Montgomery, Ala., and Kansas City, Mo. Federal-State cooperative
stations are located at Sacramento, Calif., and Corvallis, Oreg.

The Federal seed laboratories do not conduct service tests for the"
general public but most State laboratories perform this service insofar
as their personnel and facilities permit. In some States, service test-
ing is limited to residents of the State but in other States there are
no such restrictions. A high percentage of the seed in commercial
channels is tested by commercial and private technologists. Com-
mercial laboratories are operated on a fee basis to serve the general
public, particularly such groups as seedsmen and farmers. Private
laboratories are operated by seed firms, solely or principally for their
own use. Since the test results obtained by commercial and private
analysts are ordinarily used for labeling seed in commercial channels,
such analysts find it necessary to follow the official rules for seed
testing.”



SEED SAMPLING AND TESTING EQUIPMENT

SAMPLING EQUIPMENT
TRIERS OR SAMPLERS

Triers are commonly used in sampling seeds in bags and bins. The
most commonly used instrument is known as a sleeve-type trier which
consists of a hollow brass tube inside a closely fitting outer shell or
sleeve. The tube and sleeve have open slots in their walls so that
when the tube is turned until the slots in the tube and sleeve are in
line, seeds can flow into the cavity of the tube, and when the tube
is given a half turn the openings are closed. The tubes vary in length
and diameter, being designed for different kinds of seed and sizes of
bags. In sampling seed in bags the following sizes of triers have been
found suitable : For clovers and other small, free-flowing seed, 30-inch
trier with outside diameter of 14 inch and 9 slots; for cereals, 30-inch
trier with outside diameter of 1 inch and 6 slots. The 11-inch bag
trier which is only 34 inch in diameter may be used to advantage
in sampling small bags of clover and similar seeds. It is a sleeve-
type trier with a single slot in the outer casing near the pointed end.
Seed is admitted into the tube by withdrawing the tube past the slot.
This trier makes a very small hole which is important in sampling
seed in cotton bags; however, it should not be used in sampling large
bags as the trier is not long enough to reach the most distant parts.

Bin samplers are constructed on the same principle as seed triers
but are much larger, ranging up to 63 inches in length and 114 inches
in diameter with 6 or 9 slots. Many seed inspectors use a 6-, 9-,
or 12-inch thief-type trier. This trier is not described because its
construction and size do not permit sampling in accordance with the
rules. Different types of triers are illustrated in figure 1.

DIVIDERS

Soil divider—Perhaps the most simply constructed divider suitable
for seed-testing work is the soil sampler which consists of a hopper
with attached channels or ducts, a frame to hold the hopper, two re-
ceiving pans and a pouring pan (fig. 2). Ducts or channels, 14 inch
wide, lead from the hopper to the collecting pans. There are 18 of
these channels, alternate ones leading to opposite sides. The maximum
dimensions are: 14 inches long; 10 inches wide; and 11 inches high.
In using the divider the seed is scattered fairly evenly in a pouring
pan. the length of the hopper and poured in at approximately equal
rates along the entire length of the hopper. This sampler is used in
dividing samples of large seeds and chaffy grass seeds. B

Boerner dividers—The most commonly used mechanical seed di-
viders at the present time are the Boerner dividers. There are two
dividers which differ in size, but which are made on the same plan.
The essential parts consist of a hopper, inverted cone, and a series of
baffles directing the seed into two spouts. The baffles form alternate
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Fieure 1.—Sleeve-type seed and grain triers. I'rom left to right: Bin sampler
for grain; bag trier for grain; bag trier for clovers and other small seed;
11-inch bag trier ; two thief-type triers that are not recommended.
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channels and spaces of equal width. They are arranged in a circle at
their summit and are directed inward and downward, the channels
leading to one spout and the spaces to an opposite spout. A valve or
gate at the base of the hopper retains the seed. When the valve is
opened the seed falls by gravity over the inverted cone where it is
evenly distributed to the channels and spaces, then passes throngh the
spouts into the seed pans.

In the large divider, designed for large seeds and grains, there are
19 channels and 19 spaces, each 1 inch wide. In the small divider,
designed for small free-flowing seeds, there are 22 channels and 22
spaces, each %4 incli wide. The over-all dimensions of the dividers
are as follows: Large divider, 32 inches high and 14.5 inches in diame-
ter ; small divider, 16 inches high and 6 inches in diameter.

Figure 2.—Soil divider. A good divider for large seeds, such as corn and beans,
and for chaffy grass seeds.

The following construction features should be observed when pur-
chasing a Boerner divider: (1) The sliding valve should move with
ease but not allow seeds to pass along the edges when closed ; (2) shar
angles should be reduced to a minimum and there should be no small
openings or rough edges on surfaces over which seeds flow. Seeds may
lodge in these angles and crevices and be carried into other samples.
The Boerner dividers are illustrated in figure 3.

Kny-Scheerer divider—In the Kny-Scheerer divider the seed is
spun around in a rotating hopper and divided into two approximately
equal parts as it flows downward. The funnel-shaped hopper with
valve is rotated by a hand-operated crank. While in motion the seeds
are spun around with the hopper, and the valve is gradually opened
either by screw adjustment or by manual manipulation. As the seed
falls downward it is divided into two parts by stationary baffles and
passes through spouts into the receiving pans (fig. 4).
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Gamet precision divider~—The Gamet divider (fig. 5) makes use of
centrifugal force to mix and scatter the seeds over the dividing sur-
face. In this divider the seed flows downward through a hopper on
a shallow rubber cup. Upon rotation of the rubber cup by an electric
motor the seeds are thrown out by centrifugal force and fall down-
ward. The circle or area where the seeds fall is equally divided into
two parts by a stationary baflle so that one-half the seeds fall in one
spout and one-half in the other spout. In using this divider care
must be exercised in dividing very small samples as it is possible
that a majority of the seeds may come out in one spout.

Froure 3.—Boerner dividers: 4, Desigued for dividing cereals and other large
seed ; B, designed for clovers and other small, free-flowing seed.

Hay-Bates divider—This is a rather large divider intended pri-
marily to eliminate undesirable dust when dividing seeds such as beet
and chaffy grasses, and those treated with poisonous fungicides (fig. 6).
The principle involved in dividing the sample is similar to that eni-
ployed in the Boerner divider. However, instead of a circular arrange-
ment of the channels, the construction and arrangement are similar to
those of the soil divider previously described. The baflles which divide
the neck of the hopper into equidistant channels are built into the
hopper. This entire unit can be removed and replaced with hoppers
having channels designed for three sizes of seeds. The seeds fall down-
ward for a considerable distance throngh two cavities, each leading to
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a separate seed pan. At the rear of the divider is a small vacuum
attachment operated by an electric motor, the speed of which is regu-
lated by a rheostat. In operation, the vacuum motor is turned on
and the rheostat adjusted so there will be a slight suction in the

vgieT

FI16URE 4.—Kny-Scheerer divider.

cavities through which the seed falls. Any dust extracted from the
seed is collected in a bag attached to the vacuum outlet. ,
Ottawa divider—The Ottawa divider (fig. 7) is a precision divider
intended for use with free-flowing seeds the size of flax and smaller.
The seed is introduced into a hopper and then falls down a shaftlike
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column during which time it undergoes repeated divisions and re-
combinations to insure proper mixing. Near the bottom of the column
is a movable baffle resting on knife edges of regular balance construc-
tion. The tilt of the baflle determines the proportion of seed that will

Froure 5—Gamet divider; also known as Gamet precision divider.

flow into each of the two seed pans. Lo divide the sample into two
parts of equal weight the seed 1s allowed to run gently through the
leveled divider without any further adjustment. Unequal divisions
can be made as desired by adding weights to one of the pans.
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I'1cure 6.—Hay-Bates divider. Seed pouring pan on left.

Fieure 7—Ottawa divider: 4, front view; B, dividing column swung around;
O, details of balance construction and hopper. Explanatory legend: sh, seed
hopper ; pr, pointer ; bb, balance beam ; pn, pan; I3, leveling screws; Ip, lock pin;
1, level; sbha, spout and balance mechanism swing away; mb, movable baffle;
e, mounting for knife-edge and indicator; b, seating for movable knife-edge
of movable baflle; &, hopper; s, spout.

057116—52 2
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AIR BLAST FOR CLEANING SEED DIVIDERS

It is imperative that seed from one sample not become commingled
with other samiples. However, this is always a possibility in dividing
the samples unless the greatest precaution is taken to dislodge any
seed that may remain in the divider. Air blast can be used to clean
this equipment. Laboratories which are housed in regular laboratory
buildings usually have air lines hooked up with a central pumping
system. In the absence of a central system a small portable electric
blower can be obtained. -\ convenient and useful portable blower is
Nustrated in figure 8.

I'igure S.—Blower for use in cleaning seed dividers.

EQUIPMENT FOR PURITY TESTING
WORKBOARD

Tables or desks at which analysts make purity tests should average
30 or 31 inches high. In order to minimize fatigue of the eyes, neck,
and shoulders the work must be elevated 3 to 6 inches above the level
of the table top. This is accomplished by a workboard which is illug-
trated in figure 9. The height of the workboard should be constructed
in accordance with the individual’s needs, and the slope of the arm
rests is important in reducing fatigue of the arms and shoulders.
There are several modifications of the workboard, especially with
respect to the covering. The top of the workboard illustrated in
figure 9 is constructed of soft wood so that thumbtacks may be used
(o fasten a heavy grade of paper on which the seed is placed, Some
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analysts prefer a glass slab as a working surface. If plate glass is
used, it should be covered with nonglare and nonreflecting paper. A
small drawer may be built into the workboard to hold forceps, lenses,
and similar instruments or as a receptacle for the pure seed component.
The arm rests may be attached to the body of the workboard at about
a 30-degree angle from the horizontal. This provides support to the
arms for a greater distance than in the model illustrated.

F1cUure 9.—Workboard, the working surface of which is made of soft wood and
covered with paper as described in text.

FORCEPS AND SPATULA

Fine-pointed forceps are necessary for testing small seeds and are
usually preferred over blunt forceps when testing larger seeds. Ifor-
ceps are not standardized but for purity work they should be slightly
flexible, offer slight resistance to pressure, and should be about as sharp
as a common pin.  Some analysts prefer to make the separations with

a spatula or horn.
MAGNIFIERS

A b X- 6 X~ or7 X-hand lens with wide field is necessary and will
neet most of the seed analyst’s requirements. The doublet-type
magnifier is not satisfactory because the focal distance is so short
the observer’s hand and head usually cast a shadow on the seed being
analyzed and the correction is not sufficient to give a plane field. The
triple aplanat (triplet) magnifier is preferred and usually has good
correction,

Reading glasses may be useful in making noxious-weed seed exami-
nations on seeds the size of vetch and cereals. There are reading
glasses (1) with handle for holding in the hand, (2) mounted on an
adjustable stand, and (3) mounted on a flexible arm attached to a
heavy base. The principal objection to reading glasses is the curved
field which they give, resulting in eyestrain.

MICROSCOPE

A wide-field stereoscopie microscope with at least 3 pairs of objec-
tives giving magnifications of approximately 10 to 15, 20 to 40, and 50
to 75 1s essential. Microscopes with a revolving nosepiece are prefer-
able to those having removable objectives. A compound microscope
is not essemtial for purity work.

SCALES AND BALANCES

A scale having a capacity of at least 1,000 grams and accurate to
0.5 gram is essential. A rapid-acting scale is highly desirable. Table
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models having a calibrated face behind a movable indicator are avail-
able. The weights can be read almost immediately in grams to an
accuracy of 0.5 gram.

A torsion balance having a capacity up to approximately 120 grams
and accurate to 0.01 gram is standard equipment. The working parts
should be enclosed in a glass case and the pans protected with a
hinged glass cover or hood for increased accuracy in weighing.

A chainomatic analytical balance with notched beam, or a keyboard-
type balance, with sensitivity of 0.05 milligram is required. Numer-
ous balances are satisfactory. A magnetic damping device will reduce
the time required for weighing. Large laboratories will probably find
it economical to use one of the new type semiautomatic balances, such
as the “gram-atic” balance, even though they are very expensive.

To keep scales and balances in proper operating condition, they
should be: (1) Placed on solid tables (preferably stone-top tables)
which are not subject to vibration; (2) checked at the beginning of
each series of use to see that they are in balance; and (3) checked
regularly (about once a year) by a factory representative or some
other person completely familiar with their construction and use.

SEED CONTAINERS

Several kinds of seed containers should be readily available to the
analyst. These include shell vials with cork stoppers, Petri dishes,
50 cm. in diameter and 10 cm. high, sets of aluminum dishes which
nest together when stacked, gelatin capsules, and envelopes of assorted

sizes.
SAMPLE PANS

Sample pans are of different sizes but all should be tapered at one
end to serve as a spout when pouring the seed. They should have no
sharp angles, rough surfaces, or cracks in which small seeds may get
lodged.

SIEVES

Each laboratory should have at least one set of dodder sieves, con-
sisting of 10 to 12 sieves with diameter of the holes ranging from 0.5
mm. to 3.5 mm., and additional sieves with round holes as well as rec-
tangular and oval slots. The sizes of openings should be graduated at
close intervals and designed for the kinds of seeds tested. The bottom
should be of single piece construction and the angle made by junction
of the bottom and sides should be rounded out to prevent the lodging
of seeds. Dodder sieves are illustrated in figure 11 ¢ and D.

DIAPHANOSCOPE

So far as is known there is no commercial firm in the United States
that manufactures a diaphanoscope. The principle of the diaphano-
scope makes use of a beam of light directed obliquely upward through
a small hole in the top of a workboard or similar base. Outside light
should be excluded or reduced considerably for best results. A satis-
factory diaphanoscope can be constructed as follows: Use an or-
dinary workboard 4 to 6 inches high and through its top bore a 1%;-
inch hole, centrally located from end to end and 2 inches from the front
side. Mount a concave mirror below and to one side of the opening so
it will receive light from the direction of the back of the board and
reflect it obliquely through the small hole in the top of the workboard,
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away from the worker’s eyes. Cut a slot in the rear of the workboard
to allow light to enter. A microscope lamp placed on the table behind
the workboard with its beam directed against the mirror will provide
the necessary illumination. If desirable a reading glass can be used
as a condenser by placing it between the lamp and mirror.

In lieu of the assembly just described, the lamp can be detached from
its base and mounted below the workboard so the direct beam will pass
obliquely through the hole in the top of the workboard. If this mount--
ing is used, the mirror is not required but openings for ventilation
must be provided to prevent the accumulation of hot air below the
working surface.

The diaphanoscope may be placed in a dark corner or closet, or a
hood may be constructed which can be placed on the table and around
the diaphanoscope. The hood should be approximately 86 inches
long, 18 inches deep, and 28 inches high. It may be made of light
frame construction covered with heavy dark cloth, plywood, Masonite,
or similar material. A coat of black paint inside the hood will aid
in absorbing outside light.

SEED BLOWERS

The principal feature of seed blowers is a uniform flow of air of
desired pressure upward through a column with a valve arrangement
to regulate the magnitude of the pressure. At present there are three
designs of seed blowers commonly in nse in the United States, as fol-
lows: (1) The Iowa air-blast seed separator; (2) the South Dakota
seed blower; and (3) the Ottawa seed blower. These blowers are
briefly described in alphabetical order.

lowa air-blast seed separator—The Towa blower (fig. 10) relies
upon a uniform speed motor with attached fan and a single compres-
sion area to maintain a uniform pressure. There are two interchange-
able seed cups and metal blowing tubes, the smaller accommodating
grass samples up to 5 grams and the larger up to 10 grams in weight.
Near the top of the tube is an adjustable trap to act as a receptacle
for the light material. A screen-covered cap prevents loss of material
from the tube. A gate-type valve located below the seed cup is an
advantage in that the seed is not disturbed when the blower is oper-
ating with the valve turned to the closed position. A geared vernier
attachment to the valve assists in making fine adjustments but this
combination does not always give the desired degree of exactness of
pressure.

Although the plans of the Iowa blower do not provide for alternate
use of a glass-blowing tube the necessary accessories can be obtained
with little difficulty. The following items are required: Collar to
substitute for the seed cup, piece of bolting silk, rubber stopper for
19-inch hole, ordinary glass-blowing tube, and a glass cylinder, open
at both ends and with a hole in its wall for the blowing tube (fig. 11
A and B.) The collar is made of brass and is similar in construction
to that of the regular seed cup with the following exceptions: (1) The
screen is omitted and (2) the inside diameter of the upper part of
the fitting must be 154 inches instead of 15,4 inches in diameter. A
hole 1 inch in diameter is cut in the rubber stopper so it will slide over
the end of the blowing tube. The bolting cloth is placed over the lower
end of the blowing tube and is held in place by the rubber stopper
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which is slipped over the end of the tube. The seed is placed in the
open end of the tube and is allowed to fall upon the screen of bolting
cloth. The tube is held in place by inserting the rubber stopper in
the collar. Otherwise, the assembly is the same as described for the
Ottawa blower.

The Ottawa seed blower.—In the Ottawa blower (figure 12) there
is a metal box containing an air impeller or fan, a low-pressure space,
and a high-pressure space. The impeller is operated by a uniform
speed motor. The seed cup and blowing tube are mounted over the
high-pressure area. The metal seed cup, with screen bottom, supports
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Fieure 10.—Iowa air-blast seed separator: A. View of entire unit ; B, construction
details of valve with vernier scale, seed cup, blowing tubes, and caps.

the glass-blowing tube which leads to a glass cylinder designed to re-
tain the light material. Air pressure in the system is controlled by a
sliding gate operated by a closely threaded worm-gear adjustment.
There is a manometer which is nsed for establishing the settings at
which seeds are to be blown. For less exacting work the calibrations
for the gate opening may be used. The Ottawa blower is designed
specifically for small-seeded grasses and will not efficiently accom-
modate samples larger than 5 grams. The combination of uniform
speed motor, 2 pressure areas, fine adjustment of gate opening, and
manometer makes a very accurate machine.

South Dakota blower—In the South Dakota and Iowa blowers
uniform-speed motors and blowers made by the same manufacturer
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are used. The important features of the South Dakota blower are as
follows: (1) It has a small separating column for grasses that will
handle samples up to 5 grams of chaffy seeds and 10 grams of non-
chaffy seeds and a larger column that will handle a 50- to 100-gram
sample of vegetable, cereal, sorghum, and vetch seeds; (2) the sepa-
rating columns are made of a transparent plastic which enables the
analyst to see the movement of seed during the blowing operation;
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F1GuRre 11.—A, Construction details of glass-blowing tube; B, glass cylinder with
13-inch hole through which the short end of the blowing tube is inserted;
O, and D, dodder sieves.

and (3) the valve is approximately one-half a disc, located at the top
of the blowing tube, adjustable by circular motion. Of the three seed
blowers described, this is the only one that will handle samples of
more than 5 or 10 grams in weight (fig. 13). Three models are
available.

It will be observed that each of the three seed blowers described
Lerein employs a uniform speed motor and fan. Since line voltages
are subject to considerable fluctuation, it is recommended that a
constant voltage transformer be used with each.
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Freure 12.—O0ttawa seed blower : A, General view ; B, gate and gate adjustment;
¢, manometer with magnifier and liquid reservoir.
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F1GURE 13.—South Dakota seed blower : A, View of entire unit with large blowing
column; B, sectional view of large blowing column; a, top secreen and air
control or valve; b, column; ¢, seed cup and bottom sereen; (1) valve; (2)
top sereen; (4) seed traps; (3, 5, 6) seeds of different specific gravity being

blown.
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SEED HERBARIUM

A good seed herbarium is essential to any modern seed-testing
laboratory. Herbariums are not bought but are the result of years of
effort on the part of interested, patient, and painstaking workers.
The chief methods of obtaining seeds for herbariums are through
collections from plants in the field or seed samples received in the
laboratory, exchange, and gifts. Some seed-testing laboratories, as
well as departments of botany and agronomy in State agricultural
colleges, are in a position to assist in building up herbariums. The
importance of correct identification and labeling of all samples which
go into the herbarium cannot be overemphasized. Many samples of
the same species or variety should be included to give the range of
variation that may be expected. Several kinds of seed containers have
been suggested for herbarium use but none seem as convenient as glass
shell vials. Two types of trays for holding the vials are in use in the
Federal laboratories. Oneis a strong cardboard box with lid, covered
with durable, impregnated black cloth. These trays are made in 34-,
1-,and 114-inch depths, the other dimensions being 1714 by 1114 inches.
The more shallow trays are divided by cardboard partitions into 100
spaces, and the larger into 30 or 48 spaces, the number depending on
the kinds of seed for which they are intended. These trays can be
labeled, stacked, and stored in a cabinet. A cabinet with closely spaced
shelves to accommodate not more than 2 or 3 trays is preferred.

The other type of container consists of steel, blank sections designed
for maps. Each section consists of either 6 or 18 drawers, each 16 by
914 by 114 inches. In both sections the drawers are arranged 6 deep
and in the larger section they are 3 drawers wide, the over-all dimen-
sions being 83 inches in length, 13 inches in height, and 17 inches in
depth. Cardboard separators to fit into the drawers can be made to
meet the needs of the individual laboratories. These can be made by
hand for a small herbarium but paper-box manufacturers will make
them when the quantity justifies.

LAMPS

Every effort shonld be made to provide maximum window space
with northern exposure for the analysts who test seeds for purity.
Southern and western exposure must be avoided. Many laboratories
are not so fortunate as to have sufficient daylight space and must resort
to electric lights. Also, daylight is totally inadequate at times, even
with a maximum amount of window space and the most desirable ex-
posure. Of the different kinds of lamps and tubes commonly used.
daylight-type fluorescent lamps appear to be the closest approach to
natural daylight. If natural daylight is weak, overhead fluorescent
lamps should be provided. For close work in purity testing, in-
dividual desk lamps equipped with daylight type tubes are also re-
quired. Only multiple tube lamps in which the tubes are synchronized
to minimize the stroboscopic effect or “flicker” should be used. The
so-called floating fixtures, consisting of movable arms with swivel and
hinged joints, that are held to desired positions by a spring under
tension have been found satisfactory.
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EQUIPMENT FOR GERMINATION TESTING
FORCEPS

Forceps for removing seedlings should neither be blunt nor as sharp-
pointed as described for purity testing. Blunt forceps are awkward
to use when removing small seedlings, and fine-pointed forceps are
dangerous owing to the fact they must be handled with rapidity and
‘they pierce the paper substratum easily.

MAGNIFIERS AND MICROSCOPE

Hand lens as described under equipment for purity testing are re-
quired by the germination analyst. A good reading glass mounted on
a stand is desirable for counting very small seedlings. A stereoscopic
microscope and compound microscope should be available, if samples
are to be examined for fungi.

SAMPLE PANS

Sample pans similar to those described under equipment for purity
testing, except that the pouring spout should be very narrow, are
necessary for the germination laboratory.

GLASSWARE

The germination laboratory should keep on hand a supply of as-
sorted sizes of beakers, flasks, bottles for chemical solutions, graduate
cylinders, burettes, distilled-water bottles, and Petri culture dishes.
Since Petri dishes are used for seeds that require light exposure dur-
ing germination, the number needed will depend upon the require-
ments of each laboratory. Petri dishes, 100 mm. in diameter, are
generally used for seeds the size of Lactuca and Poa but 120-mm.
dishes are preferable for Dactylis and Bromus. However, it has been
impossible to obtain this larger sized dish in recent years. Bell jars
or similar covers are necessary for covering seed on the workboard
when the analyst finds it necessary to leave an unfinished sample.
Plastic cake covers and plastic bell domes are preferred as they are not
so heavy to handle as glass bell jars and are resistant to breakage.

SOIL AND SAND BOXES

Different kinds of containers have been used to hold soil and sand in
germination testing. The most commonly used containers are paraf-
fined cardboard boxes, sizes 414 by 414 by 114 inches and 814 by 814
by 184 inches. The boxes are usually purchased unassembled but
creased and perforated. To assemble, the sides are folded upward,
the corners folded over, along the creases, and fastened by inserting
a staple with an ordinary stapling device. The advantages of using
these boxes lie in the fact that they can be discarded after each use.
Thus, problems incident to storage and cleaning are eliminated.

The sides of the large boxes tend to sag when filled, thus allowing
the soil to dry along the edges. This can be eliminated by havin
metal bands constructed with inside dimensions to fit over the card-
board boxes. The bands should be 134 to 2 inches wide and made of
aluminum or other noncorrosive metal. They may be stored and
used repeatedly.

Recently plastic boxes have been introduced as soil and sand con-
tainers. A popular size now on the market is 414 by 4% by 114
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inches. When ordering plastic boxes one should make sure the size
and shape conform to the shape and dimensions of the appropriate

counting head.
SPRINKLING DEVICES

Florists’ rubber bulbs which hold approximately 250 to 300 cc., with
perforated nozzle, are excellent for remoistening most types of sub-
strata in laboratory tests. However, it is preferable to use a medicine
dropper with rubber bulb when remoistening substrata in Petri dishes
gr cgsh(iar small closed containers. Otherwise, the tests can easily be

ooded.

SOIL AND SAND STERILIZERS

It is essential that occasional sand or soil tests be made in the labora-
tory, or greenhouse if available, chiefly as a guide in evaluating tests
made on artificial substrata. Sand or soil used for this purpose should
always be relatively sterile to devitalize any weed or other seeds and
fungi which may be present. Some laboratories located at experiment
stations or near commercial greenhouses have found it possible to make
arrangements whereby they can obtain soil or sand already sterilized.
Some laboratories sterilize their sand in an ordinary gas-heated labo-
ratory oven. The sand is placed in shallow trays or pans and heated
for approximately 2 hours.

Some of the large companies that manufacture electrical appliances
have electrical heating units for sale and provide plans and specifi-
cations for electric soil sterilizers. For example, one firm has plans
for a 14 cubic yard sterilizer that requires 4 electrical units wired in
parallel on a 110-volt circuit. The plans may be modified for a
smaller box by using 1, 2, or 3 heating units.

SEED COUNTERS

Counting devices are now regarded as standard equipment in seed-
testing laboratories. There are two types of seed counters: (1)
Counting boards; and (2) vacuum counters.

Counting boards—Counting boards are frequently used for large
seeds such as corn, beans, and peas. A typical counting board has a
stationary bottom, approximately the size of the substratum to be
used, perforated with 50 or 100 holes the general shape and size of
the seeds to be counted (fig. 14). Below the perforated base is a thin
solid board which serves as a false bottom and can be moved forward
and backward. In operation, the counting board is placed over the
substratum, the seed scattered over the board, and the excess seed re-
moved by tilting the board slightly. After checking to see that there
is only one seed per hole the movable bottom is withdrawn and the
seeds fall in place upon the substratum.

Vacuwum counter—There are three essential parts to a vacuum
counting device: (1) Vacuum system including lines; (2) counting
plates or heads; and (3) valve. A laboratory which expects to count
corn and large-seeded beans by vacuum will need a system that will
support from 20 to 27 inches of mercury at the point where the count- -
ing head is attached. The capacity for suction must be great enough
to hold the seeds with leakage caused by their irregular surfaces. The
hose, valve, line, and all connections should have openings of suffi-
cient size so as not to restrict the flow of air. For the counting of
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large sceds no constriction should be less than 3% inch. A capacity
of 5 to 8 cubic feet per minute appears to be sufficient for clovers
whereas larger sceds such as corn and beans may require a capacity
of 15 to 18 cubie fcet per minute.

The vacuum counters used in most laboratories are direct acting,
that is, the vacuum at the counting head is created only when the
vacuum pump is in operation. This requires that the operator switch

FI1cUre 14.—Counting board for large seeds.

the motor on and off with each use. On the other hand, a few labora-
tories have a tank between the counting head and pump. In the latter
case the punp operates automatically as the partial vacuum in the
tank is rednced. The following precautions should be kept in mind
when selecting a vacuum unit: (1) Avoid noise in the laboratory by
selecting a pump that is relatively noiseless or else locate the pump in
an unused adjacent room; (2) avoid pumps which expel oil through
the exhaust. A vacuum counter is shown in fignure 15.
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I'IGURe 15.—~Vacuum seed-counting unit: A, Unit enclosed in sound-insulated
cabinet; B, interior view showing electric motor, pump, filter, and gage.

Seed-counting heads are made In square, rectangular, or disc shapes
to fit the substratum. The head has front and back faces between
which there is a cavity for air passage. It is a completely airtight
system except for the hole in the back plate for attachment to the
valve and the holes for seeds in the front face. The opening for
attachment to the vacuum system should be a standard female fitting
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for a 34-inch nipple. The size of head and the number and arrange-
ment of holes for the seeds will be determined by the size of seed to
be counted and the dimensions of the seed bed. Typical examples
of counter heads used in the Federal laboratories are indicated in
table 1. Counting heads may be made of brass, aluminum, or other
noncorrosive metals and plastic. Plastic is preferred for the large
counter heads (that is, larger than approximately 50 square inches)
because of its lighter weight.

The valve should: (1) Have a standard 34-inch female fitting for
the end or side connecting to the counter plate, and either a tapered
fitting for rubber hose on the other end (fig. 16) or a 34-inch female
fitting for conneetion to flexible tubing (fig. 15) ; (2) be easily adjusted
to different settings between “on” and “off” positions; (8) remain in
fixed position at any point of adjustment; and (4) be free of leakage
at all times. Adjustment to different positions is necessary as the
tenacity with which seeds cling to the openings determines, to a large
extent, the ease and success of counting small and irregularly shaped
seeds. Some vacuum-counting heads are illustrated in figure 16.

TasLe 1.—Ezamples of vacuum-counting heads

. Size of Holes in | Diameter
Kind of seed head head of holes
Inches Number Inch
Corn, beans, peas... ... .. ____ 6x9 25 0. 050
DO . 9% x 12 50 . 050
Cereals_..________ . __ ... .. _._____ 5x6 50 . 040
Beets, vetch, field peas___ . . _______ 5x6 100 . 035
Clovers, lespedeza_______________. __. 44 x 4k 100 . 016
Ryegrass, brome, orchard grass, fescuc._ . 141 diam. 100 . 016
Poa, Agrostis, Phlewm____________._._ . 2 3% diam. 100 . 010
1 Circular head for 120-mm. Petri dishes.
3 Circular head for 100-mm. Petri dishes.
THERMOMETERS

The laboratory should have each germination chamber equipped
with at least one thermometer and an additional supply should be
kept on hand for replacements and special checking. Ordinary chem-
ical thermometers calibrated to the Centigrade scale and with clearly
legible numbers are preferred. A few laboratories have self-record-
ing thermometers or thermographs. These are excellent as they pro-
vide a record of temperatures for the entire period covered. However.
because of the high cost of these instruments most laboratories find
it beyond their budgets to install a thermograph on or within each
chamber. They are to be recommended for use in germination rooms
or unusually large germination chambers. Ordinarily, it is sufficient
to check the temperature of small chambers which are in good operat-
ing condition, once or twice daily. .

GERMINATORS

Water-cooled germinator—The kind of germinator is not partic-
ularly important so long as the conditions of temperature and mois-
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ture are met. The type of germinator most commonly used in the
United States consists of a small chamber with provision for cooling
and heating to insure adequate temperature control and which has
a shallow layer of water at the bottom to aintain high humidity.
.\ chamber of approximately 9 cubic feet capacity with inside dimen-

Fieure 16.—Vacuum counter heads: A4, Rectangular head for 50 seeds the size
of wheat; B, different shapes and sizes of counter heads,

stons of 26 inches wide, 24 inches deep, and 27 inches high will ac-
commodate 13 trays 1815 by 1914 inches spaced at 2-inch intervals and
will provide ample additional space between trays and around the
edges for the movement of air (fig. 17).

In most parts of the country it is necessary to have means of refrig-
eration during a part or all of the year. It is very difficult to main-
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tain high humidity in the air when the temperature is reduced below
approximately 20° C. In fact, it is not unusual to find serious drying
of the substrata at 10°. Perhaps the most reliable germination cham-
ber in use is the type which is cooled by refrigerated water passing
through coils that line the inside of the chamber or through a water

Ficure 17.—Four-unit water-cooled germinator. The refrigerator unit is located
on top of germinating units. The cooling coils can be seen in the open
chamber.

jacket between the walls of the chamber. There are various types of
electric heaters that can be used inside the chamber, either submerged
in water or suspended in the air. The chambers may be constructed
of 24-gage noncorrosive metal, or if cooling coils are used they may be
lined with stone.

957116—52——3
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In the water-cooled germinator, valves are adjusted to allow a flow
of water that will cool the chamber slightly below the desired tem-
perature. The heater, which is hooked up with a temperature regula-
tor, holds the temperature at the preestablished setting. The
water-cooled germinator does not lend 1itself to a rapid reduction in
temperature when used as an alternating temperature chamber. For
seeds requiring an alternating temperature, two constant temperature
chambers are used and the trays of test material are usually trans-
ferred from one chiamber to another as required.

Fieurg 18.—Four-unit air-cooled germinator. The air-conditioning boxes are
immediately behind the electrical switches which appear as black squares near
the door hinges.

Air-conditioned germinator—A germination cabinet has recently
been designed which is heated and cooled on the principle of air
conditioning (fig. 18). In addition to the seed chamber there is
a small air-conditioning box, the two being jomed by openings at
the top and bottom of the germination chamber. Ailr is either
heated at the top of the box as it is forced downward past heating coils
or is cooled as 1t passes over a curtain of cool water near the bottom
of the box. The air is circulated throughout the air-conditioning box
and germination chamber by a small fan whieh operates when erther
the heating or cooling system is in operation. The entire system,
wmcluding alternation of temperature at preestablished times, is
automatic.
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The air is humidified by a constant spray of mist in the air-condition-

ing box. Temperature can be increased from 20° to 30° C. within
20 minutes and reversed within 30 minutes. The principal advan-
tages of the air-conditioned germinator are: (1) Space is conserved
as the test material remains in the same germinator both day and
night; (2) no manual work is required in transferring the test mate-
rial; (3) the temperature is alternated at times when the laboratory
staff may not be working. The following disadvantages have been
observed: (1) The electrical system is rather complex and either one
of several devices (such as relays, heaters, fans, solenoids) may be-
come inoperative and require the services of an electrician; and (2)
the spray jets become clogged rather easily if the water contains
sediment, calcium, or iron, and require frequent attention, or else the
test material suffers from loss of moisture.
. Room-type germinator—This type of germinator, which is some-
times referred to as a walk-in germinator, is in use in several of the
larger laboratories. Room germinators are usually from 614 to 7
feet high and occupy sufficient space to allow a row of trays along
each wall with passage way between them. Like the germination
chambers previously described, the inner walls, floor, and ceiling
should be made of moistureproof, noncorrosive materials.

The problems incident to maintaining uniform temperatures and
high humidity of the atmosphere increase as the capacity of the germi-
nator is increased. Provision must be made to avoid stratification of
temperature, differential of air currents, and areas of low humidity.
Since the relative humidity in germination rooms is less than 100
percent the amount of drying of the substrata is materially affected
by the amount of moist substrata or number of tests in the room. In
other words, there may be no appreciable loss of moisture if the
room is used to capacity but if only a few tests are being carried there
may be serious drying of the substrata.

The essential requirements of a germination room are as follows:
(1) Room, adjacent to regular germination laboratory, 6145 to 7 feet
high, 614 to 8 feet wide, and of desired length, constructed of water-
resistant walls and ceiling and of waterproof floor; (2) automatically
controlled heating system that will meet the requirements for the
desired constant or alternating temperatures; (3) refrigeration sys-
tem, preferably cool air, which will maintain the lowest temperature
needed; (4) reliable spray system to maintain high atmospheric
humidity; (5) fans to slowly circulate the warm and cool air; and
(6) cold-cathode fluoresuent lights for a section of the room where
light-sensitive seeds may be tested or special soil or sand tests may
be made.

Daylight germination chamber.—One or more daylight germinators
are required for grass and some vegetable seeds. The illumination
should provide from 75 to 150 foot-candles of light on the different
areas where seeds are to be placed. This may be provided by either
natural daylight, fluorescent lights, or both. Because of the tempera-
ture effects a daylight germinator should not be placed in windows
where the direct sunlight will fall upon it. When artificial light is
used to supplement daylight, special provision must be made to keep
the temperature down. In the Northern States the temperature can
be kept to 30° C. when 4- or 5-foot fluorescent tubes are used if the
tubes are placed from 10 to 15 inches from the wall of the chamber.
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If the laboratory arrangement requires closer spacing of the tubes,
provision must be made for cooling, particularly in the warmer sec-
tions of the country. To avoid stratification of temperature it is ad-
visable to introduce cold water at the inside, top, and front of the
germinator, allow it to run over a sloping glass retainer to the rear
wall and trickle down the latter into a reservoir at the bottom. The
water may be either drained away as waste or returned to the
refrigerator for continuous use.

Figure 19.—Custom-built daylight germinator. Natural light is supplemented
by the fluorescent tubes at the back and ends of the chamber. This unit
consists of three sections, but without partitions.

In the germinator illustrated in figure 19, 4-foot fluorescent tubes
are placed 8 inches from the glass wall of the chamber. Refrigerated
water is released as described above and flows into a water reservoir
in the bottom of the chamber with overflow pipe leading to the drain.
An immersion-type heating coil is located in the water reservoir. The
heater is controlled by a temperature regulator and the flow of cool
water is regulated by a solenoid valve which in turn is controlled by
another temperature regulator. The chamber illustrated in figure
20 is a commercial model which operates very much on the same
principle as the chamber just described. In the commercial model,
the water is returned to the cooling system for continuous use.

GERMINATION TRAYS

Standard troys—Germination trays are nsually made of heavy
nietal gauge with interspaces 14~ to 15-inch square.  The frame must
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be of solid construction and the wire gauze which supports the sub-
strata must be firmly fastened to the frame.

If the edge of the frame is bent upward for ¥ to 14 inch to form a
90° angle with the flat surface of the tray, it will serve as a guard to
keep the seeds from sliding off when the tests are being handled. In
lieu of the above consiruction, sheet metal may be perforated to form
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Fieure 20.—Commercial model daylight germinator. The refrigeration unit is
at the bottom of the chamber,

suitable trays (fig. 21). The holes should be approximately 14 inch in
diameter and within 14 inch of each other. The edges can be turned
upward and welded to serve as guards, as just described. Copper,
aluminum, magnesium alloys, or monel may be safely used in con-
structing trays. Galvanized steel or any other metal which may
contain soluble zinc salts should not be used. It has been shown that
the zinc from galvanized trays will produce toxic effects upon certain
kinds of seedlings.
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Trays for upright towel tests—The following type of holder for
upright towel tests has been found satisfactory. By using 1-inch
strips of 20 gage copper, aluminum, or other suitable metal, a frame in
the form of an ordinary box is made and attached to a bottom of the
same construction as the standard tray, except for size. When com-
plete the holder consists of 4 corner posts, top, center, and bottom strips
or rails along the ends and sides as shown in figure 22. Two sizes are
made as follows: (1) 9 by 1714 by 8 inches; and (2) 915 by 18 by 8

Fievre 21.—Standard germination tray constructed of perforated No. 16 gage
stainless steel.

inches. The two sizes offer the following advantages: (1) Two of
these holders will fit on an 181%4- by 1914-1nch germination tray; (2)
the analyst has to handle only one-half the load of a full tray; and (3)
when not in use the smaller llriolder nests inside the larger, thus econ-

omizing on storage space.
ULTRAVIOLET LAMP

An ultraviolet lamp is required in laboratories testing the roots of
ryegrass (Lolium) for fluorescence. The requirements of the lamp or
unit are as follows: (1) Radiation of ultraviolet waves with a maxi-
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mum peak at approximately 3650 AU (Angstrom units); (2) radia-
tion of sufficient intensity to activate the weak fluorescent lines; (8)
filtering out of most visible light; and (4) exclusion of daylight fremn
the working area.

The kind of ultraviolet lamp or unit which a laboratory should
install or have on hand will depend, to a great extent, on the number of
samples to be tested during the course of a year. A good lamp per-
manently mounted in a dark room, closet, or chamber is desirable in
laboratories that test relatively large numbers of samples. A lamp
that employs an EH 4 mercury lamp and Corning 5840 Red Ultra or
5874 Red Purple Ultra filter has been found to be excellent. Certain
small portable units are satisfactory if only an occasional sample is to
be tested. These usually consist of a metal or plastic frame, a metal

I'16URE 22.—Rack or container for upright roll towel tests.

reflector, and one or two black, fluorescent, mercury-filled tubes. Of
several models tested the one found to be most satisfactory had two
5-inch tubes, plastic frame with handle, and the starting ballast located
at the end of the electrical cord which plugs into the wall receptacle.
The so-called “black lights” which resemble incandescent bulbs in
shape should not be used as they do not activate some of the weak

fluorescent lines.
FLUORESCENT-LIGHT GRIDS

The fluorescent-light grid illustrated in figure 23 is placed horizon-
tally in the germination chamber to provide uniform lighting over
the entire area where the tests are located. The outside dimensions
are the same as the dimensions of the germination trays so the grids
may rest upon the tray slides. The gr1ds are mounted on every third
tray slide, thus permitting the placement of two trays of test material
under each grid. At midday the positions of the two trays are re-



FIGURE 24— DBeets (Beta vulgaris). Normal and abnormal seedlings from 14-day tests between blotters
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amperes for best operation. Four grids may be operated by a 9,000-
secondary-voltage transformer but usually it is better to operate
two grids on one 5,000-volt transformer and the other two grids on
a similar transformer. This permits the switching off of two grids at
any time they are not needed. All connections must be secure and all
high-voltage wires that are located inside the chamber should be
covered with glass insulators. The transformers should be located
outside the germination chamber. As a precaution it is advisable to
place in the door casing a switch which will break the primary voltage
leading to the transformer when the door is opened.

Stratification of temperature can be overcome by bending copper
tubing of l4-inch outside diameter into grids of similar shape and
dimensions as those of the fluorescent light grid. A metal grid is
mounted immediately above each light grid and connected to a source
of refrigerated water. The free end of each metal grid is continued
to one side near the bottom of the chamber and terminates in a needle
valve which is used for adjusting the flow of water. The valves are
adjusted to permit more water to pass through the upper cooling grid
than the one next below. Proper temperature control of the entire
chamber can be accomplished by either of two methods: (1) Adjust
the flow of cold water so it will reduce the temperature slightly below
that desired. Raise the temperature up to the degree desired
through the use of electric heaters wired in series with a thermostat.
(2) Place a solenoid valve in the incoming water line and wire this
in series with a thermostat set at the desired temperature. The valve
will cut off the supply of cold water when the desired temperature
is reached and will open the valve when the chamber becomes too
warm. A pool of cool water in the bottom of the chamber is undesir-
able as it interferes with proper adjustment of temperature.

BEET SEED WASHER

Occasional samples of the different varieties of Beta vulgaris seed
require washing with running water from 2 to 4 hours to remove the
toxic principles causing darkening of the radicles. This washing may
be done by placing the seeds loosely in cheesecloth bags and the bags
in beakers into which water is running. If very many samples are
to be tested a device to hold the seeds, while washing, is recommended.
Baskets 114 by 114 inches in cross section and 2 inches high made of
20 by 6 mesh copper gauze make good seed holders. The baskets may
be placed in a stream of running water.

If uniform washing is desired this can be accomplished by con-
structing a pan having walls 214 inches high with drain spout 34 inch
from the top and a false bottom soldered to the walls 1 inch from the
bottom. The false bottom has a 34,-inch hole beneath each basket.
When the hose is attached and the faucet is opened water enters the
compartment between the bottom and false bottom and squirts up
through each hole agitating the seeds while washing them. The size
of the pan is determined by the number of baskets to be used.

GREENHOUSE

It is sometimes desirable to conduct germination tests on question-
able samples over a sufficient period of time to observe development
beyond the seedling stage. Greenhouse space with provision for con-
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trol of temperature within the range suitable for the kind of seed to
be tested, and other facilities, should be available for this purpose.
The greenhouse should be located in close proximity to the seed-testing
laboratory.

FILING CABINETS

Among the problems of retaining file samples for future reference
is that of protecting them from rodents. Some laboratories use all-
metal boxes which may be stacked or placed on shelves built for that
purpose whereas others store official samples in glass fruit jars. The
Federal laboratories have found sections of close-fitting drawers to
be convenient for this purpose and to protect the samples from rodents.
Kach section is composed of 16 drawers, 4 across and 4 down. The
front and back of the drawers, and the frame are of oak while the
sides and bottom of the drawers are of galvanized metal. Each drawer
is 12 inches wide, 24 inches deep, and 6 inches high.



OBTAINING THE SEED SAMPLE

SAMPLING THE SEED LOT
OBJECTIVE

The basic objective in sampling a lot of seed is to draw a portion
which is representative of the entire lot. Such a sample is the basis
for analyses to determine the purity, germination, noxious-weed seed
content, origin, variety, composition, and other quality factors. The
results of these tests, of course, cannot be more accurate than the
sample submitted.

USE OF SAMPLING INSTRUMENTS

There are numerous instruments designed for drawing a sample
from seed in bags or in bulk in bins. These are described in detail in
the section on equipment. The short thief trier or sticker type of
instrument is widely used, presumably because of the convenience in
using and carrying it. However, it is generally agreed that an accu-
rate sample cannot be drawn with this type of instrument. Regard-
less of the number of places a single bag of seed might be pierced only
the outer few inches of seed will be sampled, and no portions would be
cbtained from the center of the bag.

The double-tubed sleeve-type triers are the most satisfactory of
the sampling devices in general use for sampling seed in bags. They
should be long enough to take seed from different locations in the
seed bag. Equnal quantities may be taken from each seed bag probed
with the sleeve-type trier, whereas the amount of seed drawn from
each bag with a thief trier is purely a matter of personal choice.

HOW TO DRAW THE SAMPLE

The theory of sampling assumes that a seed lot is made up of homog-
enous material and that a composite sample drawn in accordance
with established procedures will represent a particular lot of seed.
This sample should be made up of equal portions taken from evenly
distributed parts of the quantity sampled. In quantities of five bags
or less, each bag should be sampled and in quantities of more than
five bags every fifth bag, but not less than five, should be sampled.

If the sleeve-type probe is employed, seed bags should be in a hori-
zontal position to insure that as the tube of the trier is opened, seed
will drop in along the entire length of the bag. Perhaps the best
sample coverage comes from following a diagonal path through the
seed bag to an opposite corner. The probe should be inserted with
the slots facing downward so that as it is inverted, or placed upright
for collecting the sample any seeds “dragged along” by the cross ribs
will be dislodged and will not be added to the portion drawn. Sam-
pling a bag of seed standing upright results in obtaining unequal por-
tions from various parts of the bag.

Each probeful of seed from each bag sampled should be examined
before adding it to the composite sample in order to determine that

37
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the seed being sampled is uniform in quality. Uniformity of color
and general weed-seed content should be noted and any probefuls
deviating from previously drawn portions should not be added to the
composite sample. The bags of seed in question should be appropri-
ately identified, set aside, and cannot be considered a part of the lot
being sampled. If this procedure is followed, there will be little
danger of mixing seed from improperly segregated seed lots.

Certain chaffy grass seeds and nonfree-flowing seeds such as Bromus
spp., Andropogon spp., or Paspalum spp. which may not be easily
sampled with a probe can be sampled by hand. Hand sampling neces-
sitates opening the seed bag, thrusting the hand to different parts
of the bag, and removing small portions of seed from the bottom,
center, and top.

SIZE OF SAMPLES

Too often laboratories receive samples of insufficient size for testing.
The inspector or sampler should make every effort to obtain samples
of at least the minimum quantities set out in the rules. An inspector
or sampler may hesitate to draw a large quantity of seed having a
high retail value but it is necessary to submit samples of at least
the size stated in order to provide adequate seed for standard tests,
and retests if necessary.

CAUTIONS TO BE OBSERVED IN SAMPLING

Whether the seed sample is drawn by a seedsman or farmer for his
own guidance or by an official seed inspector, there are general cautions
to be observed in order to obtain an accurate sample. The sampler
must first determine that all seed bags being sampled are identified
as belonging to a single lot, either by a label or stencil mark on the
bag. He must sample the prescribed number of bags for the size of
lot at hand. If,in sampling a large lot, more seed is obtained than is
feasible to forward to a laboratory, care must be exercised in reduc-
ing the quantity for shipment. As a mechanical divider is usually not
available, the sample reduction might best be done by placing the
entire quantity on a sheet of paper or canvas, thoroughly mixing the
seed by hand and halving the sample until the desired quantity is
obtained. The value of this procedure becomes more obvious in in-
stances where official inspectors are required to leave duplicate samples
with the dealer. A haphazard splitting of the sample could not be
expected to produce two similar portions.

Damage to seed bags is of prime consideration to seed inspectors
as well as to merchants. The thief trier does little damage to cotton
bags, but its accuracy in drawing a representative sample is question-
able. The longer probes can safely be thrust into burf)ap bags which
are easily “scratched over.” A few stitches at one of the top corners
of machine-sewed cotton bags can be broken and then this break can
be closed with a hand-stapling device, after the contents of the bag
have been sampled.

SAMPLING RECORD

It is essential that the inspector keep accurate records concerning
the history and manner of sampling each lot of seed forwarded for
official tests. Each sample should be clearly marked so as to be easily
identified. Any sample known to have been treated with a poisonous
fungicide should be so identified by the inspector or sampler so the
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analyst may be warned of that fact. The sample envelope should be
sealed to prevent any contamination and if forwarded by mail the
samples should be packaged to arrive in an undamaged condition.

REDUCING THE SAMPLE IN THE LABORATORY
OBJECTIVE

Seed samples received by a laboratory generally need to be reduced
to a working sample of standard weight. These weights are tabulated
in the rules, for the various kinds of seeds, and have been determined
to provide an adequate number of seeds for purity analyses and for
noxious-weed seed determinations. Since the working sample is such
a very small portion of a large bulk of seed, the value of obtaining
a valid original sample cannot be overstressed. Whenever possible,
the sample should be divided by a mechanical divider or sampler. In
cases where a mechanical divider is not available for reducing the
sample other methods described herein may be followed.

USE OF MECHANICAL DIVIDERS

The use of mechanical dividers eliminates the personal element in
reducing the bulk to a working sample. All mechanical dividers in
common use, except the Ottawa divider, are designed to split the
sample into two approximately equal parts. The working sample is
obtained by repeatedly dividing the sample until a quantity of ap-
proximately that stated in the rules is obtained. It is frequently
necessary to run the “unused” part of the sample through a series of
diyislilons to get a few seeds to bring the sample up to the necessary
welght.

The Ottawa divider is designed to divide samples into: (1) Two
parts of equal weight; and (2) two parts of unequal weight. To
divide into two parts of equal weight the seed is allowed to run gently
into the divider without any further adjustment. If the sample is of
such a size that even divisions will not give the desired weight of
‘working sample, an unequal division is made to give two parts, one
of which can be reduced by even division to the desired weight. The
sample is weighed and the closest weight that can be reduced to the
desired weight, by equal divisions, is determined by calculation. By
adding the necessary balance weights to one pan the excess seed falls
into this pan and the desired weight of seed into the other pan. The
working sample is then obtained by repeated equal divisions.

Any attempt on the part of the analyst to correct the sample size
by personally adding or removing seeds to obtain an even weight
defeats the objective of using a mechanical divider.

HALVING METHOD

The sample should be placed in a pile on a clean surface and after
thoroughly mixing by hand it may be successively halved by use of a
sharp-edged instrument until the required approximate weight is ob-
tained. Although this method is included in the rules for seed testing
it is the least desirable of the methods discussed herein.

RANDOM CUPS METHOD

A series of small cugs or thimbles of known capacity are arranged
on a tray or pan, in definite pattern, and the sample poured systemati-
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cally over this area. The working sample is obtained from randomly
selected thimbles or cups. The method may be modified by using
a tray, divided into an equal number of square compartments, every
alternate one of which has no bottom.

CARE OF SAMPLES
SAMPLES AWAITING TEST

The large number of seed samples ordinarily received by a labora-
tory during a testing season necessitates care in: (1) Retaining the
identity of each sample received; (2) avoiding damage by rodents
or insects; and (3) avoiding exposure to extreme variations in tem-
perature and moisture. See§ samples received by a laboratory should
be unpacked as soon as possible and should be given a record number
so that they may be readily located and referred to when necessary.
Samples which cannot be tested soon after receipt should be stored
in a systematic manner to prevent their loss and to provide for more
efficient laboratory operation. If two or more samples have become
mixed due to accidental breaking of the seed containers, new samples
should be obtained.

Samples awaiting test or samples which have been tested and filed
for future reference should be given adequate protection against pos-
sible damage by rodents. This is particularly true if seed is stored
in attics or basements.

It is essential that samples infested with weevils, moths, or chalcid
flies be kept intact, preferably in sealed containers. The seed envelope,
if closed, will usually protect the sample during the routine period
it awaits test. Samples that upon arrival are so badly infested as to
be of little value or which show signs of recent insect activity should
be destroyed and additional samples should be obtained. A small
amount of paradichlorobenzene added to the seed envelope or other
closed container will kill the common insects which infest seeds.

Care should be exercised to insure that seed samples are not exposed
to extremes in temperature, or moisture, while awaiting tests. Only
samples that are received in the laboratory in airtight containers
should be tested for moisture content. The hard seed content of some
legume seeds has been known to increase when stored in a dry atmos-
phere. It appears a strong possibility that there may be a change in
hard seed content for certain legume seeds that are left in a laboratory
with a dry atmosphere for a few weeks.

Caution should be exercised not to expose seeds to fumes from some
of the more volatile herbicides as a few cases have been reported in
which abnormal seedlings were produced by accidental exposure to
fumes of some of these compounds.

SAMPLES FILED FOR FUTURE REFERENCE

Any sample that is filed may need to be tested for germination at
some future date. Therefore, it is of utmost importance to Store
the samples under favorable environmental conditions. Either“high
temperature or high humidity may cause rapid loss of the viability
of seeds and a combination of both conditions is particularly bad;
whereas, storage in a cool dry environment is conducive to longevity
of seed and tends to reduce or eliminate insect activity which might



TESTING AGRICULTURAL AND VEGETABLE SEEDS 41

otherwise make infested samples valueless. It is advisable to place
approximately 14 teaspoonful of paradichlorobenzene flakes in sam-
ples suspected of being infested with insects. Samples should be filed
in rodentproof contalners or cabinets. All seed-testing laboratories
should have ample space and facilities to provide the most favorable
storage conditions.

There is nothing in the rules for seed testing that will serve as a
guide in respect to the length of time file samples shall be retained.
However, the Rules and Regulations under the Federal Seed Act pro-
vide that records (including seed samples) pertaining to interstate
shipments of seed shall be kept for 3 years, except that the seed
sample may be discarded within a year after disposal of the seed lot
which it represents. It is not feasible to retain all samples for 2 to 3
years; however, no sample should be discarded within 12 to 15 months
after testing. Samples known to represent seed lots about which there
is official or civil action should be retained until the cases are termi-
nated. Commercial analysts can frequently perform a service for their
patrons by arranging to retain their file samples. All file samples
should be of sufficient size to permit a noxious-weed seed examination
in accordance with the rules for seed testing.



PROCEDURES FOR DETERMINING PURITY
COMPOSITION

The object in making the purity analysis is to determine the identity
of the important kinds of seed present and the percentage by weight
of each component; namely, pure seed, other crop see(f weed seed,
and inert matter. Since tze germination test is based on the pure
seed component it can readily be seen that the purity analysis and
germination test complement each other. Thus, the actual plant-
producing power of the seed lot can be determined only when the
purity analysis and the germination test are considered together.

ACCOMMODATIONS
LABORATORY SPACE AND LIGHT

Testing seeds for purity is a meticulous, painstaking operation,
requiring constant use of the eyes. To avoid serious eyestrain the
purity-testing laboratory should be located as ideally as possible.
Large, single-paned windows extending to within approximately 30
inches from the floor and overlooking a wide expanse of green are
ideal. The first consideration in choosing a location for the purity-
testing laboratory should be window space with northern exposure.
It is believed that daylight causes less eyestrain and fatigue than any
other light. Also, shadows from the head, hands, and instruments
are reduced to a minimum if north light is used. Examination of
seeds by natural daylight often avoids confusion over color, texture,
and brilliance. With proper provisions for daylight, artificial light is
required only on the darkest days or during early mornings and late
afternoons of the short winter days. If artificial light 1s used the
analysts should have individual, adjustable, multiple-tube, fluorescent
lamps of the daylight type.

DESKS AND TABLES

Work tables or desks should be large enough to accommodate the
worker’s arms, his workboard, working tools, and instruments as well
as to provide space for writing. It ishighly desirable to have movable
desks or tables, especially if light from a northern exposure is not
available. In this way the analyst can shift his table to obtain the
greatest benefit from tie available natural light and at the same time
avoid direct sunlight and shadows.

THE USE OF EQUIPMENT
WORKBOARDS

In testing large seeds a workboard equipped with a drawer or a
pan which will hold all the pure seed is desirable. The height, width,
and covering for the board should suit the individual analyst. The
following working surfaces are commonly used: (1) Frosted glass
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slab; (2) plate glass covered with a lightweight, nonglare blue or
white paper, applied wet and fastened firmly to the under side of the
glass with gummed paper; and (8) a wooden surface covered with a
nonglare white or light blue bond paper which is resistant to wear and
tear from constant motion of the forceps and does not buckle.

If the workboard is made of soft wood, the paper may be fastened
in place with thumbtacks. The usual method of applying the paper
is to cover the arm rests first. Two sheets of paper are used for the
top cover, each a little narrower and a little longer than the top of the
board. One sheet is fastened flush with the front of the board by
inserting thumbtacks in the two front corners. The other sheet is
placed over the first sheet so that it extends from the back of the board
to within approximately 2 inches of the front edge. The second sheet
is attached by thumbtacks at each end of the four corners. A scoop or
pouring device can be made from an ordinary card by folding approxi-
mately 1 inch, along one side, until it makes a 90° angle with the
remainder of the card. The wide part of the card is slipped between
the two cover sheets and the upright edge serves as a retainer to keep
the seeds from being pulled off the board. The card is easily removed
and serves as a convenient pouring device. The scoop cannot be con-
veniently used with the glass slab and plate glass workboard covers

mentioned above.
SEED CONTAINERS

Containers for seeds must be large enough to accommodate the sam-
ple, yet not so large as to be awkward to handle. Any container which
1s light and does not take on a static charge is satisfactory. Glass
has some advantages over other materials, the principal advantage
being that, when slipped under a microscope to examine seeds, light
is not reflected into the eyes of the observer; bright metal containers
should not be used because they are such good reflectors. Small Petri
dishes, 50 mm. in diameter and 10 mm. deep are adequate for samples
up to 10 grams. When testing large samples one larger container is
needed for the pure seed component but the small dishes can be used for
the other three components. There is an obvious space-saving advan-
tage in containers which nest. An assortment of seed pans with
pouring spouts is almost indispensable. Glass vials with corks,
gelatin capsules, and two or three sizes of coin envelopes are essential
for filing the components after the final weighing. Bell jars or plastic
cake covers should always be on hand to cover the working sample
if the analyst leaves his work, even for a moment.

SEED DIVIDERS

The sample submitted for test must be reduced to the size recom-
mended for the kind of seed under consideration. Mechanical dividers
are generally used to accomplish this. Different kinds of dividers are
described under “Seed Sampling and Testing Equipment” and meth-
ods of reducing the sample are discussed under “Obtaining the Seed
Sample.” In most dividers there is a possibility that seed will lodge.
Unless the divider is thoroughly cleaned these lodged seeds will be left
to contaminate other samples. As insurance against such possible
contamination the habit of thoroughly cleaning the divider before and
after each use should be definitely established. The divider may be
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cleaned by a strong air current from air under pressure, a portable
dust blower, or other means.

Most dividers are constructed so as to cut the sample into two parts
with each division. The seeds in ome pan should Ee set aside after
each division and the other half run through the divider again until
the sample is approximately the size required for test. It is convenient
at this point to have a torsion balance or a scale, accurate to a tenth
of a gram, to determine the approximate weight of the reduced sam-
ple. If it is found that the weight of the sample is less than that
required for purity analysis it can be increased by dividing the set-
aside-portion of seed from the other pan a sufficient number of times
to provide the difference. If the sample is too large it can be reduced
by repeated mechanical division. The sample must not be altered
by adding or removing seeds by hand.

SCALES AND BALANCES

Scales and balances should be located on heavy, level, stationary
tables or shelves where they will be free from jolting and vibration.
Scales and torsion balances should be checked for balance and accuracy
at regular intervals, and analytical balances should be checked before
each use. Extreme care in operating analytical balances is essential
to their continued accurate service. The pans should always be gently
lowered to the weighing position and released with an easy gentle
motion. Quick, abrupt movements do not make the balance work
faster but get it out of adjustment quickly. The analyst must have a
complete understanding of the metric system of weights and know
the decimal fraction which each position on the beam and vernier
represents. Errors in reports have been traced to misplacement of
the decimal point and omission of a zero in the fraction.

The worm gear which operates the vernier and tape or chain some-
times requires cleaning and oiling. This can be done by cleaning the
gear with carbon tetrachloride, removing accumulated dust with a
soft lintless cloth and ociling with a drop or two of good-quality
machine oil.

The rules for seed testing 2 provide that the working sample shall
be weighed to four significant places and each component of the sepa-
ration shall be weighed to the same number of decimal places. This
causes a slight con%ict because working samples, weighing 1, 10, and
100 grams, or slightly more, usually yield components whose weights
are 1 digit less than the weight of the original samples. Thus, in sam-
ples of 1.015 grams, 10.15 grams, and 101.5 grams, the heaviest com-
ponent (pure seed) might be 0.987, 9.87, and 98.7 grams, respectively.
Hence, if the rules are followed strictly in these cases, the original
sample is weighed to four significant places but the components to no
more than three places.

The number of significant figures is determined by the weight of
the greatest component, zeros of the same order in the lesser weights
being considered significant. Digits are significant whether they are
before or after the decimal point.

2The expressions “the rules” and the “rules for seed testing” refer to the
Rules for Seed Testing (see Appendix) as followed in the administration of
the Federal Seed Act and the Rules of the Association of QOfficial Seed Analysts,
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Table 2 shows the number of decimal places to which samples of
different groups must be weighed in order to insure four significant
figures for the components.

TaBLE 2.—Guide to the number of decimal places for weighing working
samples and componenis to insure f'gu/r stgnificant figures

Working sample Components ! of separation
. . Number of
Weight speci- E :
. xample decimal Example
fied in rules places
| Grams Grams CGrams
0.5 0. 5108 4 P 0. 9876
1.0 1. 012 C .0014
I .0102
W .0031
1. 0023
2.0 2. 025 3 P 9.876
5.0 5. 108 C . 014
10. 0 10. 02 1 . 102
W .031
10. 023
25. 0 25. 59 2 P 9876
50. 0 51. 63 C .14
100. 0 102. 8 I 1. 02
w .81
100. 23
500. 0 504. 2 1 P 487.6
C 1.4
I 10. 2
W 3.1
502. 3

1 The components of the separation are indicated as follows: P=pure seed;
C=other crop seed; I=inert matter; W=weed seed.

HAND LENS

A triplet (triple aplanat) hand lens which magnifies five, six, or
seven diameters is an efficient and convenient size for ordinary :use.
One which magnifies ten, twelve, or fourteen diameters is often used
for separations of smaller amounts of seeds such as 400-seed separa-
tions of redtop and creeping bentgrass. To prevent eyestrain, hold
the lens in the left hand, supported by placing the base of the thumb
or hand against the forehead in such a manner that the lens will
be directly in front of one eye. The analyst should learn to keep
both eyes open while using the lens and to use either eye. Lack of
exercise may result in weakened muscles of the idle eye. With the
lens in the left hand and forceps in the right hand lower the head
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and arms until the forearms rest on the armrests of the workboard
and the seed is in focus when viewed through the hand lens. The
seed will be in focus when the lens is approximately 114 to 2 inches
away. Proceed with the separation as indicated under the heading
“The Purity Separation.”

SEED BLOWER

The analyses of many samples, especially grasses, can be facilitated
by removing the lightweight material with the aid of a seed blower.
The sample to be analyzed should be examined and if it contains light-
weight material the appropriate blower or blower combination should
be used. Generally, several blowings are made at successively wider
gate or valve openings. The fraction from each blowing is examined
at the workboard by the aid of a hand lens or magnifying glass and the
different components present are separated and placeg in dishes or
vials. The blowing and examination are continued until all the
lightweight material is removed from the heavy fraction.

A record book, in which are recorded the gate or valve openings
used for the different kinds of seeds, should be kept near the blower.
The point at which pure seed begins to blow over and the point at
which all lightweight material has been removed should be indicated.
This serves as a guide for blowing subsequent samples of the same
kind of seed.

THE PURITY SEPARATION

PRELIMINARY SEPARATION

The sample is reduced in size (preferably with a mechanical di-
vider) and the weight of the working sample determined in accord-
ance with the foregoing procedures. The separation is then made
as follows: Place the seed on the clean surface of a workboard and
examine to determine whether the sample: (1) Conforms to the name
under which it was submitted; (2) contains small inert matter which
should be removed by sieving; and (3) contains lightweight material
which may be removed by blowing.

If inert matter is present which can be removed by sieving or a pre-
liminary blowing, use the appropriate sieve or blow the sample in
accordance with the procedure previously described. After these
operations pour the sample in a pile on the workboard, slightly to
the rear and left of center. With the aid of forceps, scalpel, or spatula
having straight smooth edges draw a few seeds at a time from the
pile, spreading them apart by pulling them toward the front of the
board. As small groups of seed are being examined pull the pure seed
into the scoop or container at the front of the workboard and push
all other material to the upper right of the board for further examina-
tion. Continue this operation until the entire sample is separated.

Many samples of grass seed will require several blowings beyond
the first one which removes only the empty florets. The next blowing
should remove some empty and some filled florets. The sample should
be blown until the heavy portion or residue contains no inert florets
of the seed under consideration. The portion removed at each succes-
-sive blowing should be separated into pure seed, crop seed, weed
seed, and inert matter.
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CHECKING FOR ACCURACY

After this examination return the pure seed to the workboard for
further examination as indicated below: If the kind of seed requires
a working sample of 50 grams or more, it is usually not necessary to
use magnification in checking, although it is frequently desirable to
examine the foreign seeds and inert matter under magnification. In
samples of less than 50 grams all components, including pure seed,
should be checked under magnification. After all the pure seed is
checked, examine and separate the foreign material into other crop
seeds, weed seeds, and inert matter.

WEIGHING, RECORDING, AND CALCULATING PERCENTAGES

Each of the four components must be weighed. There should be
not more than 1 percent variation between the weight of the original
sample and the total weight of the four components. If the gain or
loss is greater than this amount another test should be made.

All pertinent data should be recorded in ink on a permanent record
card. The data to be kept include weight and percentage of each
component, the character of inert material, kinds and numbers of
other crop and weed seeds, name or initial of analyst, and date of test.
All reports should be made from this record. The percentages of the
components are determined by dividing the weight of each by the
sum of the weights of the four components, and not by the original
weight of the sample. The record should be filed in a readily acces-
sible place.

SEPARATING SEEDS OF SIMILAR KINDS AND VARIETIES

The rules for testing provide for the use of as few as 400 seeds in
those cases where the working sample consists of two similar species
or a species and its variety, which would require an excessive amount
of time, eyestrain, and effort for separation of the entire working
sample. Since tolerance tables for 400, 800, and 1,000 seeds are in-
cluded in the rules of the Association of Official Seed Analysts it is
recommended that one of these amounts be used. Frequently, when
the separation is so difficult that a reduced sample is used it will be
found that a stereoscopic microscope will often be helpful or even
essential. In testing mixtures of creeping and colonial bentgrass
seed most of the separation can be made with a hand lens by an ex-

erienced analyst but the microscope is essential for identifying those

ew nontypical seeds which seem to be present in every sample. It is
also essential to use the microscope in making positive identifications
of some weed seeds.

INTERPRETATION OF CROP SEED
APPLICABLE RULE

The following rule applies to both the pure seed and other crop
seed when determining whether shriveled, cracked, broken, insect-
injured, and diseased “seeds” should be considered inert matter or
seed : Any pure seed or crop seed that comprises one-half, or less than
one-half, its original size (not weight) is considered inert matter;
otherwise, it is to be regarded as a seed.
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BROKEN AND CRACKED SEEDS

Legume seeds usually break along the line of cleavage between the
cotyledons. To be considered as pure seed a seed fragment must have
its half of the seed coat as well as the radicle attached. Rye and bar-
ley seeds frequently break transversely. When in question line up the
broken fragments on a workboard and place several normal, un-
broken seeds of various sizes alongside them. From this comparison
estimate the original size of each fragment and decide whether it rep-
resents one-half or more of the original seed.

The fragment does not have to contain an embryo in order to be
regarded as pure seed. A similar procedure can be followed in de-
termining the relative proportion of the original size which seed
fragments in different groups represent. All cracked seeds are re-
garded as pure seed if the seed or fragment consists of more than
one-half the original structure.

IMMATURE AND SHRIVELED SEEDS

Occasionally samples contain relatively high percentages of imma-
ture seeds which the analyst may think should be sifted and included
with the inert material. Immature seeds are particularly prevalent
in uncleaned seed lots. All these seeds are to be regarded as pure
seed if they can be definitely identified as being the kind under con-

sideration.
IMMATURE SEEDS IN GRASSES

This group differs from the preceding one in that the caryopses or
seeds are enclosed within the lemma and palea. To apply the half seed
rule in determining purity in grasses the question arises as to just how
well developed the ovary must be to fulfill the definition of a seed.
The difficulty in making this determination in grasses has led to
varying results when tests have been made by different analysts. Be-
fore attempting to separate inert matter from pure seed in grasses
the analyst should thoroughly acquaint himself with all the structures
of the normal pure-seed unit. The caryopsis should be removed and
studied as a basis of comparison between it and the immature, diseased,
or empty florets. Although most of the grass seeds received for testing
are florets consisting of a caryopsis enclosed by the lemma and palea
the seed unit in some kinds is composed of the entire spikelet.

‘The separation of pure seed and inert matter is rather simple in
those grasses with thin papery glumes as it is possible to see through
the lemma and palea and determine the presence or absence of a
caryopsis. Grasses with thick, horny lemmas and paleas are more
difficult to classify as one cannot see through them and must resort .
either to reflected light or to some form of pressure. Standard blow-
ing procedures and schedules have been adopted for Canada bluegrass
and Kentucky bluegrass seed. These procedures are set forth on
pages 67 to 70.

EMPTY FRUITS IN 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 practical of application. The so-called seed is a fruit
(achene) of which the outer structures are comparable to the pod in the
legumes. The true seed may or may not form inside the fruit and
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it is not feasible to make this determination for all seeds. For examgle,
in chicory some fruits are thin-walled but have heavy seeds within
whereas others have very thick walls with immature seeds or no seeds.
The filled and empty fruits do not separate in blowing and it would
be impractical to open each fruit to determine its confent. Opening
the fruits would render the sample inadequate for germination pur-
poses. All of these whole fruits are considered to be pure seed or crop
seed as the case may be. Only broken fruits found to contain no true
seeds or one-half seed or less are to be regarded as inert matter.

SEEDS OF LEGUMES AND CRUCIFERS WITH THE SEED COAT REMOVED

Crop seeds in the legume and crucifer (mustard) families with the
seed coat entirely removed are classed as inert. To properly classify
seeds without the seed coats it is necessary that they be identified as
belonging to one of these two families. As a means of identification
some normal, well-filled seeds of known samples should have the seed
coats removed for comparison with the seeds in question.

INSECT-DAMAGED SEED

Insect-damaged seeds of pure seed and crop seed are also classified
by the so-called one-half seed rule. If one-half or more than one-half
of the seed has been consumed by the insect it is considered inert matter.
With experience, most analysts will be able to determine insect-infested
seeds by visual examination alone. For further information on this
subject the reader is referred to particular groups listed under the
lsleagil}’g “Application of Purity Procedures to Specific Groups of

eeds.

SCLEROTIA AND NEMATODE GALLS

In some instances nematodes have replaced most or all of the contents
of the seed, forming nematode galls. In other instances mycelia of
fungi have developed to the extent that they replace the contents of
the seed, forming sclerotia. Although these nematode galls and sclero-
tia alter the inner contents of the seed there is a marked resemblance
to true seeds, from outer appearances. These structures should be
considered inert matter. Nematode infestations are frequently found
in fescue and bentgrass seed and occasionally in wheat. Ryegrass seed
infected with the blindseed fungus (Phialea temulenta) is not a
sclerotium and thus should be classified as pure seed. Krequentl ,
ergot replaces only a portion of the seed, especially in redtop. I)lll
such instances each seed must be considered on its own merits in apply-
ing the one-half seed rule. A diaphanoscope is often helpful in de-
tecting the presence 