
Alfalfa Seed: Its Adulterants, Substitutes and Impurities, 
and their Detection. 

No forage crop in the West is of as great and steadily growing 
importance to the agricultural interests as Medicago sativa, known 
in Europe as lucerne, and in America as alfalfa. The   immense 
value of the alfalfa acreage to Kansas, and the high price of the 
seed, make it imperative that every precaution be taken to insure 
the purity of the commercial seed, and that every assistance pos- 
sible in this regard be rendered to the farmers of the State and 
to the seed merchants doing business in the West. Especially 
has this necessity been rendered evident within the last two years. 
Within this period, there has come to the attention of the Botanical 
Department of the Experiment Station, the fact of the presence, 
in numerous cases and sometimes in considerable quantities, of 
adulterants, substitutes and impurities which, from the close re-
semblance of the spurious seeds to those of alfalfa, render them
indistinguishable from the latter, to the eye of any  average buyer.
This introduction of spurious seed has, as a matter of fact, in some 
striking instances, gone so far as to amount to the total and com- 
plete substitution of a different species. The chief purpose and 
intent of this bulletin is to make as clear as possible the differ- 
ences which exist to distinguish alfalfa seed from its most fre- 
quently used adulterants and substitutes. 

The plant alfalfa belongs to the large botanical genus, Medicago, 
numbering some fifty species of annual or perennial herbaceous 
or occasionally woody plants which grow over central and south- 
ern Europe, and especially abundantly in the Mediterranean lit- 
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toral, as also in Central and Farther Asia, and the Cape of Good 
Hope region. Of all these species, but four or five are of economic 
interest or value. Beside alfalfa itself, which is perennial, there 
are three annual species that have been introduced into America- 
Medicago lupulina (Yellow Trefoil, Hop Clover or Hop Medic), 
Medicago denticulata (Bur Clover or Toothed Medic), and Medicago 
Arabica, also called Bur, Heart or Spotted Clover or Spotted 
Medic. All of these three species have some local and restricted 
forage value, and in places they are cultivated as forage plants; 
but the fact that they are not perennial plants renders them at 
once and for this reason inferior to Medicago sativa.

The Botanical Department of the Experiment Station has had 
its attention called to a number of cases in which seed of Medicago 
lupulina and Medicago denticulata have been substituted absolutely 
and entirely for and sold as alfalfa seed. Medicago Arabica, and 
other Medicago species, have not yet come to our attention as 
adulterants. It is the purpose of the writers to render as clear as 
possible the chief botanical characters distinguishing these plants 
from one another and from alfalfa. 

Before considering the part that allied species of Medicago play 
in the matter of the adulteration of alfalfa seed, it will be interest- 
ing to discuss the characters of another closely related plant, be- 
longing to a different genus, the seeds of which have been con- 
stantly found occurring in western-grown alfalfa seed, although 
usually not in sufficient quantities to be suspected as a conscious 
adulterant, namely, the seed of sweet clover, Melilotus alba. 

An admixture of Melilotus seed in the seed of alfalfa is extremely 
difficult of detection to any but an expert, although, when the chief 
distinguishing differences are made sufficiently evident, as it is 
hoped will be effected through the accompanying photographs and 
drawings, an attentive buyer, with the aid of a hand lens magnifying 
20 diameters, should be able to determine the facts for himself 
with considerable accuracy. Without the assistance of such a 
lens, however, detection will be practically impossible. So far as 
the plants themselves are concerned, Melilotus can easily be dis- 
tinguished from Medicago, or alfalfa. While alfalfa plants rarely 
exceed 1½ to 2 feet in height, sweet clover ranges from 3 to 6 feet 
or more. The flowers of alfalfa are borne in dense, shortened 
spikes or racemes, compacted into a rather close cluster or head, 
and which, in the case of alfalfa itself, are purple in color, although 
in the other closely related species of Medicago discussed in this 
Bulletin they are yellow, resembling in this respect the flowers of 
Melilotus officinalis the yellow sweet clover, which is generally less 
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abundant than the white species through the western states. 
The flowers of the white sweet-clover, unlike those of alfalfa, are 
borne along slender stalks-“racemes”-which are from one to 
five inches in length, and on which the small, white flowers grow 
in open order, quite differently from the compacted clustered 
habit of the alfalfa flower-heads. The leaves of sweet clover are 
divided into three leaflets, as with alfalfa, but the botanical dis- 
tinctions in this respect are scarcely worth dwelling upon, since 
the difference in the size of the plants, together with the color and 
habit of growth of the flowers, are sufficiently distinctive. Sweet 
clover is a biennial plant, while alfalfa is perennial. When, more- 
over, the pods of sweet clover (Plate VI1 Figs. 1 and 2)  are com- 
pared with, those of alfalfa (Plate V Fig. 1 and Plate VIII Fig. 1)
the differences are seen to be most striking. The two plants both 
bear their seeds in pods, a character common to the Papilionaceoe 
or Legume family, to which they belong in common. The pod of 
Melilotus is straight, and of a rather rounded oval outline, black 
when ripe, covered with rather coarse reticulations, and con- 
taining but a single seed. The pod of Medicago sativa is coiled in 
usually two or three turns, also black, and containing several, 
commonly about five seeds. The seeds of alfalfa and sweet clover, 
as was stated, appear on first notice to be almost indistinguishable. 
A close and accurate study, however, reveals very marked and 
striking differences that escape the unpracticed eye. 

The seed of sweet clover, seen in bulk samples, is yellowish, while 
that of alfalfa has a greenish cast. This is a character, however, 
that would escape observation in adulterated mixtures, unless the 
amount of sweet clover seed added were quite considerable. The 
seed coat of alfalfa, as seen under the microscope, is smooth or 
covered with very fine dottings, while that of Melilotus has quite 
evident swellings, or protuberances resembling delicate papillæ, 
over the surface, giving it a somewhat “warty”  appearance under 
the microscope. This difference, while evident in a comparison of 
Plates X and XIV, is still more strikingly set forth in the higher 
magnification shown in Plates XV and XVIII Pig. 2. It is 
noticeable, also, that the “veins,” or vascular bundles that run 
out over the seed coat from the point of attachment to the pod, 
are distinctly bluish in the case of sweet clover, but colorless in 
alfalfa. In respect to size, the seeds of alfalfa will average 
slightly larger than those of sweet clover. The value of this 
distinction disappears, however, from the fact that in possible 
range of size, the two overlap. (See table.) 

IET n/a




Practically, the form of the seeds remains as the chief determin- 
ative factor. In general, the seeds of sweet clover are fuller, 
plumper, and rounder than those of alfalfa (see Plate XXI, and 
compare Plates X and XIV), and while many cases of a dis- 
tinctly bean or kidney-shaped seed occur with alfalfa, as illus- 
trated in the three seeds photographed in Plate XV, no such 
cases will ever be  found among the seeds of Melilotus. It  is 
sufficiently evident from the comparison of Plates XV and XVIII, 
Fig. 2, that were all alfalfa and sweet clover seeds of the types 
here shown, respectively, no difficulty would ever be experienced 
in distinguishing them. The test comes in the distinguishing of 
apparently intergrading types. Examining the seeds illustrated 
in Plate XXIII, Fig. 2, in which the six seeds to the left hand are 
of alfalfa and the five to the right of sweet clover, some suggestion 
may be afforded to this point. Perhaps the average person would 
experience considerable difficulty at first in distinguishing sweet 
clover seed in mixture, from such rounded alfalfa seeds as are seen 
here and there in Plate X, and as occur in the left-hand column 
in Plate XXIII, Fig. 1. There are, however, certain very clear and 
distinct differences. Examining the seeds of alfalfa in Plate XXIII, 
Fig. 2, it will be noticed that the scar, or “hilum,” which marks 
the point of attachment of the seed to the pod, is nearer the center of 
the seed than in the case of the sweet clover. This is accompanied 
by the further fact that the “radicle” or embryonic root, which in 
each case forms a prominent “radicular ridge,’’ as it may be called, 
on the edge of the seed running back from the hilum, is longer in 
the case of the sweet clover than in the case of alfalfa, as a general 
rule. The much greater prominence of the radicular ridge in 
sweet clover, together with the more swollen cotyledons or seed 
leaves, is further responsible for the greater depth of the “sinus” 
or groove, which marks the line where the radicle lies against the 
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cotyledons. It  will further be noticed that this groove, which in 
sweet clover runs approximately parallel with the top of the radic- 
ular ridge, tends, in the case of alfalfa seeds, to run down at a 
diverging angle. See drawings in Plates XXXI and XXXIII. 

After one has become accustomed to examining many seeds of 
the two species, the fact that the hilum, in the case of sweet 
clover, lies near the end of the seed opposite the radicle, while in 
alfalfa it is located almost invariably in the center of the seed, con- 
stitutes one of the most prominent distinguishing characters. 
If, now, the rounded seeds in Plate X be again examined, 
and compared with the sweet clover seeds in Plate XIV, this 
difference will become apparent, and further by comparison of the 
two species in Plate XXI. It will also be observed that whereas 
there are many alfalfa seeds of this short round type suggesting 
at first glance the seeds of sweet clover, a closer study reveals the 
fact that in the case of sweet clover, the radicular ridge runs off 
to the tip of the seed in a swelling curve, while in alfalfa seeds the 
corresponding ridge more nearly approaches a straight line, with 
the result that the tip of the alfalfa seed is pointed instead of 
rounded. This is an almost infallible rule to be relied upon in the 
detection of sweet clover seeds as distinguished from the some- 
what similarly rounded and shortened seeds of alfalfa. So far 
as the kidney-bean type of alfalfa seed is concerned, there need 
never be confusion, since this type never appears at all in the 
seeds of sweet clover. 

Medicago Lupulina, or yellow trefoil, appears, thus far, to consti- 
tute the principal substitute for alfalfa seed in cases called to the 
attention of this department, and in some respects it is the most 
dangerous adulterant and the most difficult of detection. The 
plant of yellow trefoil grows to about the same height as alfalfa, 
but the leaflets of the compound leaves are much shorter and 
broader at the tips than are those of alfalfa and, in fact, have much 
more of a “clover” aspect. (See Plate 11.) The flowers are 
borne in dense clustered racemes, are very much smaller than 
those of alfalfa, and are yellow in color. The pods are not coiled, 
as with alfalfa, although curved to form a single incomplete spiral. 
The pods are black when ripe and covered with a spiral network 
of prominent veins and are one-seeded. These pods are so 
distinctively different from the pods of Medicago sativa that no 
difficulty need be experienced in knowing the two species apart, 
where the pods are available. (See Plate V, Figs. 1 and 2, and the 
higher magnification in Plate VIII, Figs. 1 and 2.) With respect 
to the seeds, the distinctions are more subtle, and it is with the 
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seeds alone that the buyer has commonly to deal. The seeds of 
yellow trefoil average smaller in both directions than those of al- 
falfa, and in their general outlines they are usually oblong or orbicu- 
lar. Plates XI and XIX will indicate sufficiently their chief charac- 
ters, and Plate XVII, Fig. 2, shows three fairly representative seeds 
magnified to same proportions as the alfalfa seeds in Plates XV and 
XVI, Fgs. 1 and 2. The seeds of trefoil, in the case of the samples 
examined by the writers, while displaying to some extent the green- 
ish cast of alfalfa seeds, show a greater admixture of yellow in the 
seed coat. The latter is always finely punctate as in alfalfa, and 
never warty as with sweet clover. Perhaps the first impression one 
receives from a careful comparison of trefoil seeds with those of al- 
falfa is that of their marked tendency to a round or oblong-oval 
shape. The hilum, it will be noticed, which, in the case of alfalfa, 
tends to be approximately at the center of the seed, in trefoil always 
lies near the end where the tips of the cotyledons or seed leaves are found in 
the embryo. (See Plate XVII, Fig. 2.)  The hilum itself forms a 
much deeper notch than with alfalfa, and the radicular ridge, in- 
stead of rising in an ascending curve as with sweet clover, or 
slanting straight down toward the tip of the seed as in alfalfa, 
runs off in an approximately straight line, usually more or less 
parallel with the opposite edge of the seed, with a consequent re- 
sult that the end of the seed which, in many cases, is pointed in 
alfalfa, in trefoil is fully rounded out. The seed as a whole is 
plumper than that of alfalfa, due to the greater convexity of the 
cotyledons, although this convexity is not so constant as is the 
case in sweet clover. It is often noticeable, in the case of trefoil, 
that a prominent central “beak” protrudes from the hilum edge 
of the seed. This is the point at which is located the micropyle, 
or opening by which the pollen tube entered the ovule at the time 
of fertilization, and through which the radicle gains egress when 
the seed germinates. This point is not nearly so prominent in 
seeds of alfalfa, for the reason that the radicular ridge runs 
directly back from the micropyle point, while in hop clover there 
is frequently a depression between the latter and the beginning 
of the ridge. (See drawings in Plate XXX and XXXI.)  On this 
account the seeds of hop clover have so frequently, along the 
hilum edge, what has just been designated as a “beak,”  with a 
scalloped depression on either side of it, in which case the de- 
pression farthest away from the radicular ridge is the point of 
location of the hilum. In those seeds in which there is but a 
single depression, the radicular ridge runs straight away from 
the micropyle point without any intervening depression. In no 
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case do the seeds of trefoil seem to take the kidney form so 
frequent with alfalfa. This may perhaps be accounted for by the 
fact that with trefoil, but a single seed is borne in a   pod which is 
not coiled, whereas in alfalfa the curvature of the seed may, to 
some extent, be accounted for by the spiral mode of development 
of the pod, and the flattening of the radicular ridge by the crowd- 
ing of other adjoining seeds. In trefoil, it is further noticeable 
that the groove running along the base of the radicular ridge is 
not nearly so prominent as is the case in sweet clover. This, to- 
gether with the difference in the markings of the seed coats, will 
assist in distinguishing such seeds of trefoil as are more nearly 
round from the seeds of sweet clover. It is clear that the botani- 
cal differences separating the seeds of Medicago lupulina from 
those of Medicago sativa are quite as characteristic and distinct as 
those which distinguish alfalfa itself from sweet clover. See also 
Plate XXII for general comparison of the species referred to. 

The other species of Medicago which have come to the attention 
of the writers as an adulterant or substitute for alfalfa seed is 
Medicago denticulata, or bur clover (see Plate 111). So far as the 
plant of bur clover is concerned, it will be noticed that, the leaflets 
are much larger and broader at the apex than those of yellow tre- 
foil and that at the point where the petiole or stem of the com- 
pound leaf joins the axis of the plant the "stipules" or leafy ap- 
pendages are large, broad, and bordered with fine teeth, while in 
trefoil the same structures are narrow and lanceolate, ending in 
a single point. The flowers are much fewer on the flowering axis 
than in the case of alfalfa or of trefoil, are yellow in color, and of 
about the same size as those of trefoil, or less than a third the 
size of alfalfa flowers. The pods are large, spirally twisted in two 
or three flat coils, which are covered with a pattern of prominent 
reticulated veins, and which are armed at the edges with one or 
two rows of long, curved prickles, hooked at the tips, whence the 
name bur clover. These pods contain several seeds, which, in 
their appearance and general outline, more nearly resemble those 
of Medicago sativa than do the seeds of yellow trefoil. But there 
need not be the slightest difficulty in distinguishing them from 
alfalfa seeds, since their size, which is from a third to a half greater 
than that of the seeds of alfalfa, would clearly distinguish a bulk 
sample of bur clover from a bulk sample of alfalfa seed. With 
respect to the differences which distinguish the smaller seeds of 
bur clover from the larger seeds of alfalfa, distinctions that are 
practically a-Jailable for their recognition, cannot easily be given. 
Plates VI, Fig. 1 and IX, Fig. 1, will serve to indicate the ap- 
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pearance of the pods of bur clover, and Plates XII  and XVII, Fig. 1, 
illustrate the seeds in magnifications corresponding to those of 
the species already discussed. See also for comparison the seeds 
of alfalfa and of bur clover in Plate XX. 

Although Medicago Arabica, or spotted clover, has not yet been 
reported at this station as an adulterant of alfalfa, it occurs as an 
escaped plant, having been introduced with the other species, and 
there is no reason to suppose that it may not appear in alfalfa seed, 
so that a description of its character may be useful. The plant i s  
an annual, like that of yellow trefoil and bur clover, and closely re- 
sembles the latter, but has generally a stouter habit of growth. 
It  is better distinguished by the fact that the leaflets of the com- 
pound leaves have one or more dark spots near their centers. The 
stipules are similar to those of bur clover, flowers few, and the 
pods likewise coiled. The latter are, however, smaller than are 
the pods of bur clover, and the prickles are stouter and shorter. 
The seeds are smaller than those of bur clover, and as a rule nar- 
rower and longer than those of alfalfa, and with the “beak” a
much more prominent and constant character of the seed than in 
the case of Medicago lupulina. Plates VI, Fig 2 and IX, Fig 2
will indicate the pod characters and Plates XIII and XVIII, Fig. 1, 
show the seeds at corresponding magnifications with the preced- 
ing species. It should be stated that so far as sweet clover is 
concerned as an adulterant, it is, in most cases and for most peo- 
ple, to be regarded as a weed. It is true that instances occur 
here and there where sweet clover is used as a forage plant, and 
valued as such, being reported to be eaten with avidity by stock. 
This is directly contrary, however, to the experience of most per- 
sons who have had occasion to observe and deal with the plant. 
Sweet clover, or Melilotus, contains in its leaves and stems, a 
bitter substance known as “cumarin,” which is very generally 
distasteful to stock, and which causes them, commonly, to refuse 
to eat the plant unless compelled to do so by stress of hunger. 
The writers have made careful observations in pastures where 
sweet clover is abundant and have repeatedly found it entirely un- 
touched, and growing in rank luxuriance, where the native prairie 
grass in its immediate vicinity was cropped to the ground. This 
observation has been substantiated repeatedly by the observa- 
tions of others, and it is our belief that as a general thing, 
exceptional instances to the contrary notwithstanding, Melilotus
is not relished by stock, and for the most part is rejected where 
other pasturage can be secured. On this account, there is serious 
objection to its appearance in alfalfa seed, and any admixture 
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should be guarded against. Indeed, Melilotus should be treated, 
so far as alfalfa is concerned, as a weed. It is usually not a 
difficult matter to go through an alfalfa field which is to be saved 
for seed, and to cut out the sweet clover plants with a scythe 
when they are in full bloom. This will usually end their life and 
prevent the ripened seed from being harvested and threshed with 
the alfalfa. 

So far as an adulteration of alfalfa with bur clover and yellow 
trefoil is concerned, the offense is not so serious as if sweet clover 
were used, since these plants actually furnish a hay and forage 
crop similar in value to alfalfa, although less in quantity. Cer- 
tainly the quality of the crop would be very similar to that of 
alfalfa. The main objection to the use of these species of Medicago, 
as adulterants of alfalfa, lies in the fact that the plants in question 
are but annuals, and, as was stated in the case of sweet clover, 
which is a biennial, their inferiority to a long-lived perennial, like 
alfalfa, other things being equal, is self evident. If it were the 
case that the yellow trefoil and bur-clover seed were always sold 
under their true names, there could be no possible objection to 
their introduction, or, indeed to that of any other of the many 
species of Medicago, since many of them have some forage value: 
but when we remember that, sowing at the rate of fifteen pounds 
to the acre, it costs about $2.50 an acre at the very least for alfalfa 
seed, as the market generally runs, it is self evident that where 
the species substituted, instead of living twenty years or more on 
the same ground, finishes its life history in a single season and 
renders the farmer dependent upon the annual appearance of 
self-sown plants, every means should be afforded for protecting 
buyers against deception, and the State, if necessary, should, by 
adequate legislation, in a pure seed and seed-control law, prevent 
the practice of adulteration and substitution in the case of this 
and other important crops. 

From the results of the analyses of commercial alfalfa seed, 
made in this department, it appears that by far the greater 
portion of the impurities consists in the dead, decayed, immature 
and defective alfalfa seed itself. In very numerous cases, this factor 
alone amounts to from 8 per cent to 30 per cent of the samples 
submitted for analysis, while in the worst sample received during 
the past year, the amount of this dead seed reached 63 per cent. 

To a certain extent, dead alfalfa seeds can be recognized by 
optical inspection, since in most cases their seed coats are brown 
or black, instead of yellow with a greenish tinge, which is the 
color of the live and healthy seed. It was therefore thought that 
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it might be possible, by mechanical analysis, to separate out the 
dead seeds, and give such an estimate of their average percentage 
in the total sample, as would convey an approximate idea of the 
actual value of the seed under investigation. The results however 
show that this cannot be done without leaving a wide margin of 
error, for the reason that not all of the seeds apparently good, so 
far as external appearances are concerned, will germinate, nor 
will all the apparently dead seeds fail to germinate. The results 
of actual germination tests indicate that in the case of alfafa, the 
percentage of ungerminated seeds remaining at the close of the 
test, often runs higher than would be indicated in the mechanical 
analysis; and that the separation and calculation of the percent- 
age of seeds, which, by optical inspection, would confidently 
be recognized as dead, is too greatly subject to errors of judgment 
to be depended upon. Among the seeds apparently good and 
capable of germination there are many in which the embryo is too 
immature to grow, the seed having been gathered before having 
perfectly ripened. Often these immature seeds present a shriv- 
elled appearance, but not invariably so. Nor is it, on the other hand, 
entirely certain that shrivelled seeds will not germinate. As 
illustration may be taken sample No. 77, in which the mechanical 
analysis resulted as follows: 

It would appear, therefore, from optical inspection, and removal 
of all the apparently dead seed, that there remained 91.6 per cent 
of the sample which might be expected to germinate. A germina- 
tion test of the original sample, however, showed the actual ger- 
mination percentage to be 78 per cent, or 13 per cent less than an op- 
tical inspection alone would have indicated. Subsequent analyses 
of lots taken from the original sample gave germination percent- 
ages of 79 and 74. (See Table I.) Furthermore, a germination 
test of the apparently dead and apparently immature seeds, taken 
together, showed 51 per cent germinating  in six days, or 67 per
cent if we add to this number one-third of those remaining hard  at 
the close of the test. (See Table III.)  A separate germination test 
also made of a separated lot of seeds of this sample, in which all 
were apparently good and viable, gave a final germination percent- 
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age of but 80. In other words, in an apparently perfectly sound 
lot of seeds of this sample, 20 per cent failed to germinate, and in 
an apparently bad lot of seeds, only 33 per cent failed to germinate.
The results in this case sufficiently indicate the difficulty of detect- 
ing dead seed by optical inspection alone, although the investiga- 
tions were carried on by persons especially experienced, and can 
be said to represent, in a degree, expert work. It was hoped at 
the outset that the margin of error would be sufficiently small in 
the mechanical separation of apparently non-viable seeds, so that 
a rule could be laid clown whereby an ordinary person might be 
enabled quickly to arrive at an approximate estimation of the value 
of the seed by simple mechanical analysis. It is evident to us, 
however, that for the present no such rule can be given; and that 
the only safe and satisfactory method of determining the value of 
an alfalfa seed sample is by an actual germination test. This, 
however, is in itself an extremely simple matter, and can be car- 
ried on by any individual or seed firm desiring knowledge regard- 
ing a sample of alfalfa, the purchase of which is under considera- 
tion. It may be well, therefore, to describe the most practical and 
convenient method of conducting the same. 

In the first place, to be accurate, and to represent the facts 
correctly, the germination test must be made from a sample taken 
from a bulk lot in such a manner as to be genuinely repre- 
sentative. In experiment stations an instrument called a sampler 
is used for this purpose. Lacking this, the best way is to take 
with the hand at random, small samples from different places and 
at different depths in the bulk lot of seed. These several small 
samples should be mixed together, and this, too, is done at our 
Experiment Station by means of a mechanical mixer, the principle 
of which is illustrated by revolving a bottle containing the seed, in 
which the volume of the seed does not much more than half fill the 
container, slowly on its long axis, and while doing so alternately 
elevating either end of the bottle. By this means the different con- 
stituents in the sample will become thoroughly mixed and uniform 
throughout. This mixing process can be accomplished, although 
of course less easily, by revolving the container in the hand as in- 
dicated. 

From such a thoroughly mixed sample of seed, 100 seeds are 
counted out at random for the germination test. And here again 
methods of precision are desirable. Almost unconsciously, in se- 
lecting seeds for a germination test, the larger and better appearing 
seeds will be selected in preference to the others. To eliminate 
this element of personal choice, in all the germination tests made 
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by this department, the selection of the 100 seeds is made by 
weight. From the sample as it comes from the mixer, the seeds 
are poured into a pan of the balance until they bring into equilib- 
rium a weight on the opposite pan known to slightly more than 
equal the weight of 100 seeds. As a matter of fact, the average 
number thus obtained was 106 seeds at a weighing. By these pre- 
cautions it will be seen that in the official seed analyses made in 
this laboratory it is endeavored in every way to eliminate the ele- 
ment of personal error. The further precaution is usually taken 
of making several distinct germination tests from the same sample. 

Naturally the average private individual cannot ordinarily make 
use of methods of extreme precision, and must rely upon the law 
of averages for the accuracy of his results. It is advised, there- 
fore, in making germination tests, that several lots of 100 seeds 
each be taken from the same sample and germinated at the same 
time and under the same conditions. Each lot of seeds should be 
placed between sheets of moist blotting paper or cloth (preferably 
such as has been boiled to prevent the growth of moulds and bac- 
teria) and the whole placed in a moist chamber formed by invert- 
ing one common earthenware plate over another. During the test 
the samples should be kept at a temperature of 20˚ Centigrade 
(68° Fahr.). At the end of the third day from the time of the com- 
mencement of the test, the seeds that have germinated should be 
removed and counted. This suffices for forming a preliminary 
judgment regarding the character of the sample, and may often be 
sufficient for practical purposes, as for instance, when the number 
which have germinated by that time is 80 or above, as frequently 
happens. Where the number falls below 80, make a second count 
of the germinated seeds at the end of the sixth day. Then, to the 
total number that have germinated, add arbitrarily one-third of the 
seeds remaining hard at the close of the test, and the final result 
will be the germination percentage, according to the rules adopted 
by the standing committee on methods of seed testing, of the As- 
sociation of American Agricultural Colleges and Experiment Sta- 
tions, and in use in the United States Department of Agriculture 
and the experiment stations generally. The reason why it is rec- 
ommended that the germination test be discontinued at the end of 
the third day, if 80 per cent of the seed have germinated by that 
time, is because of the fact that, as alfalfa seed sells on the market, 
the buyer pays the same price for commercial seed in which the 
germination percentage ranges all the way from 80 to 100 per cent, 
and therefore there is nothing to be lost and usually nothing to be 
gained under the present crude condition of grading alfalfa seed, 
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by the prospective buyer carrying the germination test to its final 
conclusion, unless the percentage at the end of the third day runs 
lower than 80. 

It has been found by experiment that the results obtained by 
germination tests in a moist chamber with blotting paper do not 
correspond exactly to those resulting from germination tests in 
soil. If it is desired to make a soil test, the method should be as 
follows: Sterilize good garden soil by baking at oven temperature 
in a covered pan to retain the moisture. By this means, most of 
the seeds of weeds will be killed, as well as most of the bacteria 
and other fungi existing in the soil. Sow the alfalfa seeds not 
more than one-half inch deep, in 100 seed lots, in covered boxes 
(cigar boxes will do). In this case the germination test will have 
to be prolonged until no more alfalfa seedlings appear above the 
surface of the soil. 

The following tables give the results of germination tests with 
21 different samples of alfalfa seeds recently received by this de- 
partment from different sources. Table I represents the results 
obtained from duplicate tests with the original samples, while 
Tables II and III give the results of germination tests of separated 
lots of seeds from the same samples, in which the seeds that ap- 
peared dead, defective and immature were separated from those 
that appeared sound and viable, each lot being subjected to a 
separate and distinct germination test. There is great variability 
in the results shown in Tables II and I I I  due probably in part to 
the fact that in separating the lots in question, the judgment must 
frequently have erred, especially in the matter of the immature 
seeds apparently not viable. As is seen by reference to the table, 
an average of 47 per cent of the seeds of all the samples of the ap- 
parently bad seeds, germinated, or 65 per cent if we add one-third 
of the seeds remaining hard at the close of the test. The ranges 
seem to be very great, from 39 to 80 per cent. To eliminate all 
possible sources of experimental error, each lot of seed was me- 
chanically mixed and the one hundred seed lots weighed out, as 
previously described. Further to eliminate the personal equa- 
tion, it was arranged for a single person to make all the experi- 
mental tests and counts. Nevertheless, it is evident that the data 
embodied in Tables II and III are too few and too contradictory
to serve as a basis for anything but the most general inference.
It indicates sufficiently, however, how difficult it is even for a 
skilled and trained person to determine by optical inspection 
alone what seeds in a sample are not viable. 

Table II also shows that the judgment is subject to a consider- 
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able margin of error, although not so broad a one, in selecting 
apparently sound and viable seeds. The range of germination 
percentages ascertained in these samples was from 74 to 100, 
while the average was 90 per cent, indicating that in the long run 
about 90 per cent of the seed that appear sound will actually ger- 
minate, although here again the number of samples tested is too 
few for the computation of an absolutely safe average. 

A further comparison of results in individual cases, as shown 
by Tables II and III, indicates that in those samples in which the 
germination percentage ran high in the separated good seed, it 
also ran high in the corresponding lots of separated seed appar- 
ently not viable, and vice versa. For example, taking five samples 
in which the germination percentage of the separated good seed 
ran high, the corresponding lots of separated seed apparently not 
viable showed higher germination percentages than in the four 
cases following, in which the separated good seed ran compara- 
tively low in germination percentage. 
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Table IV gives in parallel columns, the comparative results of 
mechanical analyses and germination tests of identical samples. 
In the columns under “Mechanical Analysis,” entitled “Seed 
judged viable” and “Seed judged not viable,’’ are to be understood 
as included, the results of the analyses of the original samples by 
optical inspection alone, in which the attempt was made to sepa- 
rate, by means of their external appearance, the seeds supposed 
to be viable from those supposed to be not viable. It  was sup- 
posed that by this means a possible practical rule might be de- 
duced, whereby the general result of the germination test might 
be anticipated in a rough way. The results in general thus far, 
as has already been stated, do not justify the expectation that 
such a method can safely be proposed, owing to the  variability of 
individual judgments as to what constitutes viable seed. While 
some of the mechanical analyses, such as numbers 25, 29, 52, 53,
and 65, run closely parallel to the actual results of the germination 
tests, most of the others vary more or less widely from them and 
indicate the general unsafeness of the method. 

In the columns under “Germination Tests” are included two 
columns entitled “Separated Good Seed” and “Separated Bad 
Seed,” respectively. The results herein represent the actual ger- 
mination tests which were carried on upon separated lots of seed 
which appeared to be respectively viable and not viable. These 
results simply confirm the general conclusion just stated, derived 
from a comparison of the mechanical analyses with the germina- 
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tion tests of the original samples, as set forth in the columns headed
“Lot No. 1” and “Lot No. 2.” It will be seen, for instance,  upon 
casting the eye down the column entitled “Separated Good Seed,” 
that while it was possible to arrive at a tolerably high degree of 
accuracy with respect to the seeds retained under this caption, on 
the other hand, a reference to the corresponding results in the 
column entitled “Separated Bad Seed” indicates how very greatly 
the judgment erred in the attempt to separate bad seed by optical 
inspection. In one case, sample No. 52, as many as 80 per cent 
of the seed separated as bad, germinated, and the most accurate 
“guess,” in sample No. 56, was found to have included in the re- 
jected lot of supposed bad seed, as much as 391/3 per cent of seed 
that actually did germinate. 

The fact that the results of the germination tests as exhibited 
in lots 1 and 2 of the original samples do not more closely approxi- 
mate is probably to be ascribed to the fact that, lacking a proper 
incubator or germinating chamber at the time (December, 1904),
it was necessary to conduct  the tests in the laboratory, at the room 
temperature, which fluctuated more or less, especially at night. 

From these comparisons it would also appear that in a poor 
sample of seed, even those seeds which, so far as external appear- 
ances indicate, are perfectly good and viable, are liable to have a 
low germination percentage, indicating that the embryo may be 
affected by external conditions in such a way as to destroy its 
vitality without the results becoming evident in the seed coat. 

The high degree of error seen in the judgments upon the appar- 
ently bad seed is probably also to be ascribed in part to the rejec- 
tion as not viable of green seeds that were deemed too immature 
to grow. If only the blackened seed had been rejected, it is likely 
that the margin of error would have been much smaller. 

and bad alfalfa seed by a specific gravity test, but so far the indi- 
cations are negative, and the germination test therefore remains 
as the only final criterion of the quality of the seed; nor does a 
specific gravity test suffice to differentiate the seeds of yellow tre- 
foil from those of alfalfa, both having a specific gravity of 1.25
sweet clover seeds are somewhat heavier, having a specific 
gravity of 1.33. 

As alfalfa is sold in the market at the present time, it is fre- 
quently the case that different lots of seed sold for the same price 
will differ very widely in germination percentage, ranging on the 
average, from below 80 per cent to 96 per cent and above. This is 
an extremely crude state of affairs, and represents a primitive 

It was thought that it might be possible to distinguish the good 
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condition which calls for improvement. The grading of alfalfa 
seed should rest upon facts which an adequate germination test 
alone will reveal. In the case of seed houses, the time required 
for the conclusion of this test (six days), may seem irksome, and 
in such cases, as has been stated, an approximation to the ac- 
curacy of the six-day test can be obtained from a preliminary test 
concluded at the end of the third day. So far as our results go, 
the indications are that about 80 per cent of the seeds will have 
germinated by that time. A more accurate method of grading al- 
falfa seed than the existing one is not the only feature of the seed 
bnsiness that calls for reform. It is further obligatory upon 
every seed firm to sell nothing but alfalfa under the name of al- 
falfa. A cheap, low-grade sample of alfalfa, seed may reasonably 
be expected to contain a certain amount  of debris, weed seed, and 
dead or immature alfalfa seed, but it should not contain any con- 
scious substitutes. Where, as in a number of cases that have 
come to the attention of this department, alfalfa seed has been 
sold in which the seed of yellow trefoil or bur clover was substi- 
tuted therefor in whole or in part,  restitution should be insisted 
upon by the purchaser. 

So far as the weed seeds present in alfalfa are concerned, it 
seems reasonable to demand that they should not exceed. one and 
one-haif per cent of the total. (This, by the way, is the total per- 
centage of all impurities allowed in the seed laboratories of the
German Experiment Stations). Following is a list of the weeds, 
the seeds of which have been most constantly present in the sam- 
ples of alfalfa examined at this station during the past year: 

Plantago lanceolata (Buckhorn or Ribbed plantain). 
Rumex obtusifolia (Bitter dock). 
Rumex crispus (Curled dock). 
Chenompodium album (Lamb's-quarter). 
Melilotus dlba (Sweet clover). 
Choetochloa viridis (Green foxtail). 
Syntherisma sanguinalis (Crab grass). 
Plantago Rugellii (Rugell's plantain). 
amaranthus retroflexus (Pigweed). 
Choetochloa glacua (Yellow foxtail). 
Rumex acetosell (Sheep's-sorrel). 
Rumex altissimus (Smooth clock). 

and occasional seeds of about ten other species. Of the above, the 
character of sweet clover has been alluded to. The weed most 
constantly present is the English plantain, or ribbed plantain, 
locally and rather more commonly known in the west as “Buck- 
horn.”      (See Plate XXIX.) This is a weed of the plantain genus, 
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which is distinctly objectionable. It is a perennial plant, natural- 
ized from Europe, and is most commonly found in alfalfa seeds 
imported from European countries, and especially from Germany. 
In general, it resembles the other native plantains, but has much 
narrower and longer leaves. It fruits freely, and of course can- 
not be eradicated by mowing, particularly since the leaves form a 
rosette close to the ground. The docks, belonging to the genus 
Rumex, are also objectionable, the smooth, bitter and curled docks 
being all perennials, extremely troublesome weeds, and difficult to
eradicate, especially in land that is inclined to be low and wet. 
Fortunately, the seeds of dock, like those of the plantains, can 
very easily be recognized. They are shining, black in color, and of 
triangular outline. They are seen ilustrated in Plate XXVII. 

Most  of the other weeds represented are either annuals, or per- 
ennials of infrequent  occurrence. Some of them, like the crab 
grass and foxtail (particularly the former), give considerable 
trouble in newly sown alfalfa fields. The annual weeds can usually 
be easily eliminated by successive mowings, but the perennials 
can only be eradicated by digging out. Occasionally dodder may 
become a dangerous weed in an alfalfa field, but in the samples 
received here, dodder seeds have only occasionally been present. 

In general it may be stated that the weeds most to be feared and 
watched for, as alfalfa, seed runs in the western markets at the
present time, are the buckhorn and the various species of the 
docks, seeds of both of which should easily be recognized from the 
illustrations referred to. 

Perhaps it will be interesting to consider the results of some of 
the analyses. In general, as was stated previously, it may be said 
that the common fault to be found with alfalfa, seed on the market 
lies in the large amount) of immature, dead and decayed seed so 
frequently present. In one case the dead and defective seed of 
alfalfa reached 60 per cent   of the total from 5 to 10 per cent being 
very common in the samples analyzed. The best sample of alfalfa 
seed received, analyzed 95.6 per cent  pure, and apparently sound 
seed of the species, with but 4.4 per cent of all impurities, which
latter consisted entirely of dead  alfalfa seed, there being but a
trace of foreign seed and inert matter in the sample. The germi- 
nation test of the sample showed 93 per cent of the seed capable
of germination. One of the very worst samples received showed 
but 63.9 per cent of pure, good alfalfa seed, while the impurities 
amounted to 36.1 per cent, and consisted of dead and decayed al- 
falfa, seed, 28.1 per cent;  foreign seed, 7.1 per cent;  and inert mat- 
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ter, .9 per cent. Such a collection of weed seeds as was com- 
pressed into this sample one would go far to seek. 

Seeds 

All of the above came from a sample weighing five grams, or .18
oz. avoirdupois, the standard amount used for making purity tests. 

Let us examine the results in this case. There are about 
211,350 alfalfa seeds in a pound.  In a pound of seed of the char- 
acter analyzed there would be as follows : 

Sowing at the rate of fifteen pounds to the acre, with an abso- 
lutely pure sample of alfalfa seed, there would be, if equally dis-
tributed, seventy-three alfalfa seeds sown on every square foot of 
ground.   The amount of impurities in this sample would reduce 
the number of the alfalfa  seeds to the square foot to forty-six, and 
would substitute for good alfalfa seven foreign seeds for every 
square foot. The positive damage possible is evident here when 
we consider that these weed seeds are paid for and are added to 
the weed seeds already existing in the soil; and that very fre- 
quently they are perennial weeds of a nature very difficult to 
eradicate. If alfalfa seed costs seventeen cents a pound, there 
would have been, in a case like this, as much as six cents abso- 
lutely thrown away for every pound of the seed bought; and to 
the amount thus lost must be added the rental value of the land 
occupied by the weeds, the seeds of which have been bought and
sowed. Of course, in the instance under consideration, the plants 
of the yellow trefoil are not to be considered as weeds although 
they are greatly inferior to alfalfa in value, but in many other in- 
stances which have come to our attention, the total of the foreign 
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seed belonged to entirely useless or noxious plants. For ex- 
ample, in another sample of alfalfa seed, in which the foreign seed 
ran as high as 5 per cent of the total, there were 294 foreign seeds 
in the five-gram sample analyzed, of which only five could, by any 
possibility, be considered of value. 

Most of the alfalfa seed sold in Kansas comes directly or indi- 
rectly from western seed houses. Lesser amounts are imported 
from Europe, chiefly from Germany. It is claimed by the seeds- 
men that most of the adulterated alfalfa seed on the market comes
from the latter source. Of the correctness of this statement, we 
are not at present in a condition to judge. 

It may be said that in all cases in which this department has 
entered into correspondence with seed firms with respect to the 
quality of their seeds, they have invariably been found willing to 
do all in their power to remedy existing evils, and to secure pure 
seed for their customers. Many of the western seed houses doing 
business in Kansas are sending their samples of alfalfa and other 
commercial seed quite regularly to this Station for analysis. 

This much must always be remembered by the buyer, that pure
seed costs more to put on the market than poor seed; that the
seeds of the different staple crops, including alfalfa and the 
grasses, exist on the market in several grades, and that the quality 
and purity of the seed in question depends very largely, in the first 
instance, upon the grade of seed purchased. Perfectly ripe alfalfa 
seed, free from light, immature or dead seed, weed seeds and de- 
bris: costs more than the lower grades to put on the market. If 
buyers insist upon cheapness as the first requisite of the seed 
purchased, they are in no positioin to complain as to its quality, 
except in so far as the seed may happen to be adulterated. 

Finally, it should be generally known throughout the State that 
the Experiment Station maintains a seed laboratory for the pur- 
pose of investigating and analyzing commercial seeds, and that 
purity and germination tests of seeds will be made by the Botan- 
ical Department, without charge to any citizen of the State. The 
methods of analysis as practiced here are as follows: 

The entire history of the sample received is entered upon a
mecchanical analysis record sheet No. 1 ,  as follows: 
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Herein is entered a complete history of the sample, so far as it 
is obtainable. This sheet is filed in the office for reference. The 
sample is them sent to the seed laboratory for mechanical analysis. 
The original sample as received, is mixed in the manner already 
described in this bulletin, and from the thoroughly mixed sample 
five grams, in the case of alfalfa, are weighed out. This amount is
then carefully separated into four distinct lots, comprising, re- 
spectively, the sound seed of the species, the apparently dead or
defective seed, the foreign seed, and the inert matter. Each of 
these separated lots is then weighed, the percentages calculated
and the results entered upon mechanical seed analysis record sheet 
No. 2 which also admits of the entry  of the species and proportions 
of the foreign seeds in the sample. 
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record sheets designed by the Botanical Department of this Sta-
tion differ in a number of particulars with respect to form and ar- 
rangement from those in use in the Seed Laboratory of the Bureau 
of Plant Industry, United States Department of Agriculture, de- 
scribed in circular No. 34 (Revised) of the Office of Experiment
Stations. Our sheet's are 5 x 8  inches in size, perforated at one
end, and filed in a loose-leaf binder. 

SUMMARY. 

1. The chief adulterants found in alfalfa seed, upon the western 
market at the present time is yellow trefoil (Medicago lupulina),
although there are occasional instances in which bur clover 
(Medicago denticulata and sweet clover (Melilotus alba) also occur. 

2. The seeds of these three species cannot be distinguished 
from the seeds of alfalfa by casual inspection, unless present in 
considerable quantities. 

3. Their detection in smaller quantities is impossible except to 
a trained observer, using a lens magnifying from 15 to 20
diameters. 

4. The objection to yellow trefoil and bur clover as adulterants 
is due not so much to the inferior quality of the forage produced 
by these plants as to the fact that they are annual plants, whereas 
alfalfa is perennial, and the expense of reseeding need not be 
undergone short of 15 or 20 years or more, where a good stand 
has once been secured. Sweet clover is objectionable as an 
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adulterant for the reason that it is only a biennial and is gener- 
ally distasteful to stock. 

5.  The chief impurity in alfalfa seed upon the western market 
is the dead seed of alfalfa itself, the amount of inert matter or 
debris being relatively less than in average commercial lots of 
grass seed. 

6. The obnoxious weed seeds in the alfalfa seed marketed in
Kansas last year were chiefly those of species of docks and the 
English plantain,  Plantago lanceolata ) , 

7.  The separation of dead alfalfa seed by optical inspectlion has 
not been found practically possible; so that it cannot be recom- 
mended- as a safe method of analysis. Nor has the separation of 
good and bad seed by the specific gravity test been found prac- 
tically satisfactory. 

8.  The range of germination percentage in commercial alfalfa 
samples runs all the way from 60 to 96 per cent, with an average 
of about 83 per cent. The grading of alfalfa  seed should be based 
upon actual germination tests. 

9. The loss to growers because of impurities in alfalfa seed, very 
commonly reaches 10 per cent of the total  and is often 30 per cent 
and over. 

10. This loss can be prevented by buyers subjecting alfalfa 
seed, the purchase of which is contemplated, to a purity analysis 
and a germination test, both of which will be performed for any 
citizen of Kansas without charge, by the Botanical Department of 
the Kansas Experiment Station. 

11. There is imperative need for the maintenance by the State, 
at the Experiment Station, of a State seed laboratory for the 
analysis of all commercial seeds, and for the purpose of seed con- 
trol as defined by appropriate statutory legislation. 
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