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Foreword

By the General Editor

1:1& provision of an absolutely reliable supply of
seeds for sowing is of the very greatest importance to farmers,
market gardeners, and private gardeners alike, and one 1s
happy to feel that the past twenty years have seen a great
change for the better. As Mr. Monro shows in Chapter Five of
this book, a protective Act was felt to be necessary before most
of us were born—in 186g—at a period when adulteration was
rampant and few even among seedsmen knew much about the
seeds they sold. In this country the change during the present
century has been largely due to the provisions of the Seeds
Act, 1920, and the interest aroused by the educational efforts
in connection with this measure; but even before it came into
force the seed trade had for some years been putting its house
in order, and many big seeds merchants had their own testing
stations, while others made good use of the Swiss Seed Control
Station at Ziirich under Dr. Stebler.

At about the time the old Act of 1869 was passed, Holst
in Clopenhagen and Nobbe at Tharand in Saxony introduced
o more or less definite scheme of seed testing, and it was not
long before the subject became a science of importance through-
out Europe. Thereafter education In the botanical and
practical applications of seed testing grew apace, and the
Continent now possesses many important stations, of which
the writer was privileged to visit nine, on behalf of the Ministry
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of Agriculture, in 1913, a report being issu.ed n 1914 It was
a happy event when an official sced-testn{g station was 1n-
augurated in this country in 1917, largely, if one may l‘ECDI‘Fl
it as an historical fact, through the energy of the late Sir
Lawrence Weaver when at the Food Production Department,
although a decision to found one had been taken more than
three years earlier, the war delaying fruition. | |

An up-to-date, thoroughly reliable, and well-written book
on seeds was certainly needed, and the main author is to be
congratulated on having dealt with a difficult and technical
subject in a most attractive and practical way, and on having
provided first-class illustrations. An account of the working
of the Seeds Act, 1920, may perhaps afford less scope for a
fascinating story, but it is an informative and interesting
account of good work well done. The volume as a whole

should be of very great value and interest to farmers, seedsmen,
gardeners, and students. H @ L,

SURBITON,
]H{}', 1937'

Note.—This Second Edition of the late Mr. S. P. Mercer’s
book has been prepared by Mr. A. Eastham, D.S.O., M.C,,
B.Sc., N.D.A., Chief Officer of the Official Seed-Testing Station,
Cambridge. Many necessary changes have been made to
bring the work into line with present conditions, but Mr.
Eastham observes that he has refrained from making any alter-

ation .that did not seem to be essential. The fabric of the
book itself is still Esher Mercer’s. | B @1 (5

January, 1048



Preface

-r;lis book essays the rather delicate task of giving
the non-technical an outline idea of the beautiful mechanism
of reproduction in plants, setting before the agricultural
student a syllabus of essentials to his seed studies, offering a
skeleton guide to the professional business of seed-testing, and
indicating to the farmer or gardener the means available to
him for cheap insurance of braird. The author 1s well aware
of the ambitious character of his proposal and of many short-
comings in the product; he hopes he has not been too un-
successful in his attempt at readability, for the sake of which
he has sometimes jettisoned informativeness but not, it is
hoped, accuracy of view. No apology is made for the use of
technical terms: precision is impossible without them, and
there is no more reason why an engineer should not under-
stand mitosis than why a botanist should not comprehend the
parallelogram of forces when, in either case, the proposition 1s
explained.

The author acknowledges gratefully the help he has had in
the preparation of the manuscript and in careful proof-reading
from his colleagues: Patrick Lineham, Arthur Muskett, Ian
Seaton, and Agnes Brown. The reader 1s indebted to Robertha
Stuart for all the photographic illustrations; the remainder of
the figures are by the author, who also stands in debt to his
wife for the labour of indexing.

The drawings of crop and weed seeds present detail as seen
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Practically all the detail portrayed
ich is ordinarily of sufficent

viii

througha X 12 pocket lens.
can be seen through a X 8 lens, wh

strength for an analyst's purposes
S e IV,

CARRICKFERGUS,
May, 1937
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Chapter One

|mmurtality. Evidence has recently been pro-
duced to show that the duration of life on the earth of any
species of flowering plant is about twelve million years. We
re in the habit of thinking of plants and animals as individual
beings each having an allotted span of life, long or short, but
inevitably culminating in death. This is a misleading 1dea.
We all recognize that the natural objective in life of a plant
or an animal is to reproduce ‘tself. A moment’s consideration
shows that if it succeeds in this, the essential part of the organ-
ism does not die. In the process of reproduction an actual
living portion of the essential protoplasm of the parent enters into
the formation of the offspring—into that of the various organs
which ¢ grow up ” 1nto the new plant or animal. Reaching
maturity, this daughter plant or animal reproduces again in the
same way—transmitting portion of still the same protoplasm,
still the same lite, to a granddaughter. Thus not only the
«“ spark of life ” but the actual physical material of which the
organism is constructed is essentially continuous from generation
to generation throughout a line of descent, even though that
line should extend to twelve million years. What is the
machinery of the process? In flowering (i.e. seed-bearing)
plants it is In broad outline as follows.

Seed Formation. In the fertilization process, protoplasm from
the male pollen grain unites with protoplasm of the female
ovule contained within an ovary either of the same flower,

different flower on the same plant, or a tlower on another
|



2 Farm and Garden Seeds

plant. In the first two instances self-fertilization results, in the
last instance cross-fertilization. Cross-fertilization may often
be achieved between plants not of the same species—ifor
example, the loganberry arose by cross-fertilization between a
raspberry and a blackberry. It may be brought abouf: by
natural agencies—wind, insects, etc.hﬁan‘d may then sometimes
be very detrimental, as when a turnip grown for seed is
“crossed” by rape, the Apbrid produced 1s useless. As a
general rule cross-fertilization is practicable only between close
relatives.

The specialized protoplasmic bodies that take part in this
sexual union are the nuclei. Each cell taking part in the archi-
tectural structure of the plant normally contains one such
nucleus, but the reproductive cells at maturity contain more—
the male cell three and the female seven, of which seven one is
the product of reunion between two of the eight present at an
earlier stage. Coalescence of one of the three male nuclei with
one of the seven female nuclei constitutes the essential act of
fertilization, and the resulting compound nucleus subsequently
gives rise to the embryo—the new young plant contained in the
seed.

Each active nucleus contains a number of intertwined thread-
like bodies, the chromosomes, in which reside the factors con-
trolling the characters of the plant, The precise nature of these
factﬂrs_is in doubt, but seems to be connected with the manner
i which the atoms are arranged in the molecules. The
number of chromosomes is the same in every ordinary body cell
ﬂ_f all plants of the same species, and the various shapes and
sizes of chrnmnsafne that make up the complement of a given
cell are repeated in all other body cells, The character factors
are also the same g 3‘_11 " opposite number ** chromosomes in
different cells. This is ensured during ordinary cell division

(by means of which growth is carried on) b 1tudi
& | the 1 :
sphttmg of every chromosome in the oiigiiallﬂceﬁng;}uddlﬁi
apportionment of one-half of each t :

0 each of the two ne 11
| w cells.
':l‘ll;ui a (Eﬂmpltr(?ﬂnt of new chromosomes similar in number,
pes, sizes, an charactt:r-consntutiuns to those of the original
cell appears in each new cell .

In the process of maturation

of the male ang female sexual
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reproductive cells, however, a different kind of cell division takes
place in which the longitudinal splitting of chromosomes does
hot take effect. Hence the number of chromosomes available
for each new cell is only half the number present in the old cell,
and so the matured reproductive cell contains only this reduced
number. By union of the male and female reproductive cells at
fertilization the chromosome number of the compound cell
(the zpgote), from which the embryo is developed, therefore again
returns to the normal, half the chromosomes present being
contributed by the male and half by the female parent. Since
the factors responsible for the characteristics of the species are
carried by the chromosomes, it is easy to see how those of both
parents may be mixed in the offspring. It will be observed that
‘¢ the * reduction division”’ mentioned did not take place, the
number of chromosomes in every cell of each generation would
be double that in the preceding generation, and 1n a very few
generations an entirely impossible congestion would result!

The chromosome number in the reproductive cell of a
species is commonly spoken of as the haplod number, and the
number (twice as many) in the body cell as the diploid number.
In writing, these two numbers are often expressed as n and 27
respectively. Thus the statement that ““ in Homo sapiens and
Nicotiana tabacum 2n = 48~ implies that in man and in tobacco
the number of chromosomes in the nucleus of each body cell
is 48 and in that of each reproductive cell 24.

The Embryo. The development of a new plant, with all its
various organs specialized in structure and tuned so exactly,
each for its particular purpose, from one single (zygote) cell,
is a process -of amazing intricacy. It is of course the out-
standing wonder of life. From the purely mechanical point
of view most of its stages can be followed under the microscope,
but the directing influence is almost entirely uncomprehended :
compared with this process the difference between life and death
is a matter of simple physics.

After fertilization the new compound cell (still within the
ovary of its mother) first divides into two daughter cells. One
of these daughter cells forms a stalk for attachment of the
young embryo to the surrounding tissue of the parent. The
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other redivides again and again to form successively two, four,
eight, sixteen, etc., further cells, resulting in a tiny solid mass
of new tissue. At a relatively early stage in the growth of this
mass indications can be observed of differentiation into three
principal layers of slightly different character and appearance.
From the outer, middle, and central masses respectively the
skin, outer flesh, and central cylinder of the embryo root and
shoot are later developed. In the central cylinder strands of
elongated cells begin to appear, branching and extending later
to form the vascular system (arteries and veins) of the grown
plant, with ramifications reaching to the extremities of roots,
branches, leaves, flowers, and fruit. Fig. 1 will make these
carly stages clear. In essentials the process is similar in the
two main groups of seed-bearing plants with which we are
concerned—monocotyledons, in which the embryo carries one
seed-leaf, and dicotyledons, in which 1t has two. There are
smaller groups in which the seed has no seed-leaf (acotyledons)
or several seed-leaves (polycotyledons). Normally there s
one main bud, the plumule, from which the stem and branches
arise when the seed germinates, and one main root, the radicle,
f-om which the mature root system arises. There are instances
in which there appear to be several primary roots; in the
germination of the wheat grain, for example, three roots
appear to emerge together, but in reality the central 1s
slightly ahead of the laterals, which are branches from it

(Fig 2).

# — ==

A, B—Germination of pollen grain.
a, outer wall; b, Inner wall; c, vegetative nucleus; d, d’, d”’, generative nuclel; e, cell protoplasm.,

C—Embryo sac.

a, cell tissue of ovule; b, antipodal nuclei; ¢, protoplasm; d, dual primary andosperm nucleus;
e, oosphere (egg-cell); f, synergide (gulde cells).

D—Longitudinal section of pistil at fertilization.

a, stigma; b, pollen tube; c, style; d, ovary; e, pollen grains; f, oosphere; g, embryo sac; h, wall
of ovule; k, cell tissue of ovule (nucellus); I, stalk of ovule (funicle); m, receptacle of flower;
p, micropyle (pore).

E—Diagram of cell division process.

a, normal cell with resting nucleus; b, separation of chromosomes; ¢, splitting; d, segregation of
halves; e, f, reassociation In two groups; E. daughter cells divided; x, tissue of cells similarly formed
and undifferentiated.

F—Development of embryo from fertilized oosphere.

a, zygote; b, first division; ¢, stalked cell mass; d, initiation of plumule and cotyledons; €, ap earance
of zones In tissue; f, fully developed embryo; r, radicle; h, hypocotyl; P plumule; [, coty adon(s).

B
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(Explanation of Diagrams at foot of page 7



The Nature of a Seed 7

Seed Structure. In the typical mature seed these parts are
to be distinguished (Fig. 2):

(i) The skin or festa, consisting of several layers of cells. In
cereals this is permanently united with the wall of the ovary in
which the seed developed.

(ii) The plumule or shoot, consisting of a very shortstem bearing
young leaves in the form of a bud.

giiig" The radicle or root, on which branches are not recogniz-
able at this stage. A protective rool-cap is sometimes identi-
fiable, covering the extreme tip of the radicle.

(iv) The one or more cotyledons or seed-leaves. In dicotyle-
dons such as beans or clover these are thick, fleshy structures
that act as storehouses of food for the use of the young plantlet
when the seed germinates. In monocotyledons the seed-leaf
is less fleshy and acts rather as a transmitting organ than as a
storage vessel, absorbing food material from the (separate)
storage tissues and handing it on to the developing embryo.
Grasses constitute a special group in which the seed-leaf analogy
< less clear and is still in dispute. Probably the cotyledon 1s
represented by the plate of tissue dividing the plumule and
radicle from the starch store.

In clovers and similar plants the cotyledons come above
ground when germination takes place and form the first pair of
green leaves; such behaviour is styled epigeal. In peas and
many other examples the seed-leaves remain below ground and
never function as green foliage leaves; these are hypogeal. The
plumule, radicle, and cotyledon(s) together constitute the
embryo.

(v) Food material, stored dry, for the use of the young
embryo in germination (cf. the yolk of an egg) 1s packed either
in the cells of the fleshy cotyledons (ex-albuminous seeds, €.g.
bean, clover) or in the cells of separate storage tissue (endosperm)
outside the embryo (albuminous seeds, €.g. onion, wheat). The
endosperm tissue arises by division and redivision of the primary
endosperm nucleus, which was mentioned earlier as one of the
seven nuclei in the female embryo cell, formed by reunion of
two among eight. In man instances this tissue formation 18
known to be preceded by ¢ fertilizat ion ”” of the double nucleus
by amalgamation with a second nucleus of the three originating

=~ — - —ﬂ———-——

T == - -

A-E—Wheat: A—longitudinal section of grain; B—embryo; C—germination;
D—one-leaf seedling; E—adventitious root development. F-H—Onion : F—
longitudinal section; G—germination; H—seedling. |-L—Red Clover: |-
longitudinal section; J—germination; K—germination, later stage; L—seedling.
M-P—Mangold: M—section of * cluster”’; N—germination; Oflnngitudinal
section of seed; P—seedling. Q—FPea seedling with hypogeal cotyledons.

b, receptacle of flowers; ¢, coleoptile: e, endosperm; e’, perisperm; h, hypocotyl; k, submerga d
seed; [, first follage leaf; p, p umule: r, radicle; r’, primary root; s, cotyledon(s); t, testa.
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in the pollen grain. The whole process, consisting of union of
first male nucleus with female  egg ”’ nucleus and union of
second male nucleus with the primary endosperm nucleus, is
then referred to as double fertilization. ;

(vi) Perisperm is very occasionally present in the maturing
seed. When present it represents a supplementary food store,
and consists of the unused remnant of the tissue upon which
the embryo fed during its post-fertilization development—
that is, the tissue in which the large cell containing the *“ egg **

nucleus was embedded. Perisperm may conveniently be seen
In pepper corns.

Ripening. This is a vague term, and the popular under-
standing of the word is preferable to scientific attempts to codify
it. Ripening is a gradual process, and in it there is only one
stage that can be fastened upon as a finite point—that is, the
point of * germinating ripeness.” This term explains itself, a
seed being germinating ripe when it is ripe enough to germinate.
This may be before it is shed from its parent plant, or it may
not be for more than a year afterwards. Approximately the
stages (not necessarily serial in time) making up the process of
ripening are (i) completion of embryo development, (i)
ormation of storage tissue, (iii) transport of food material from
other parts of the plant to the storage tissue, (iv) conversion of
food to an insoluble (in water) form and deposition in the
storage tissue, (v) formation of ferments in an mactive condi-
tion, which when activated by warmth and moisture will digest
the stored fﬂ-ﬂd, (vi) desiccation (drying).
i I‘ipene;s appmachcsﬂarzsplmtl?n (breathing) slows down
T e e havenb evenluall.y almost ceases. Fully
¢en kept in a vacuum or in an

inert atmosphere of nitrogen for considerable periods without

harm. Given a bre
y athﬂ.blﬂ atmosphe . :
& # rE
the rate of respiration is incr ¢ such as ordinary air,

R it cased by warmth and the presence

bi L . ;
warm or too damp a place. 1].11;)’ of storing seed in too

] . Seeds breath; : .
remain alive so long as sjm; ing rapidly will not
The discouragement of fany . o Preathing very slowly.

of funci :
reason for avoiding Sl (mnuld) 18 of course a further

% ﬂnS-
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drcpen'clent for their effect. If one is kept low the other may
rise high without harm. Thus if ryegrass seed is soaked in
water much of it will be killed by a temperature of 40° C.
applied for a few hours, but if the same seed is normally ** dry *
(i.e. 12—-19 per cent. of moisture) it may be kept at 40° C. for
several days without injury—indeed, freshly harvested seed is
often improved in quality by this treatment.

The amount of water retained in its tissues by a fully mature
and ripe seed varies according to the species and the climate
in which it is produced. For a large number of species, includ-
ing many common agricultural sorts, under United Kingdom
conditions, the percentage ranges between 10 and go. It is
not uncommon for freshly harvested grass seed, for instance, to
contain as much as 25 or even 30 per cent of moisture, but after
lying for a few weeks in store and maturing the same seed will
show only some 13 per cent. In some countries Government
regulations control the permissible percentage of moisture for
seed that is to be shipped : in such instances kiln-drying must be
resorted to if the * natural ’ percentage is above the permitted
maximum.

The ripening changes that have so far been described are
visible and determinable by microscope and chemical test.
Parallel with them is a series of invisible changes the exact
nature of which is unknown. These constitute the process
called after-ripening, and until it is complete the seed is not
germinating ripe—it will not grow, although visible require-
ments may be met. Usually after-ripening proceeds alongside
«« yisible * ripening, so that as soon as the seed is ‘‘ visibly ”’
ripe it is capable of germination. There are, however, many
species in common use in which after-ripening may not be
complete by the time the seed reaches the desiccation stage, and
with them a period of rest is essential before the seed will grow.
Oats, especially black winter varieties, very commonly exhibit
lack of after-ripening and incapacity to grow when freshly
harvested. With spring varieties the necessary changes have
usually taken place in the stack, and hence spring varieties are
less troublesome in this respect. While clover seeds seldom
require any appreciable rest period, those of many dicotyledons
do. The necessity of such a period, however, seems to be more
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frequent amongst monocotyledons, the 5ﬁed§ of br:nfh ornamental
and agricultural species often presenting difficulties. |

Cereals grown in northern climates, and more especially after
a cold, wet harvest, are a constant source of trouble to those
making germination tests. Sometimes special conditions other
than mere rest seem necessary to induce complete after-ripen-
ing. In the South American grass Chloris ciliata, for example,
brilliant sun illumination is demanded, and in certain primrose
species and gentians frost appears to be necessary.

The changes constituting after-ripening are physical rather
than chemical or anatomical, and appear to consist of changes
in the architecture of the protoplasmic molecule—i.e. presum-
ably, a rearrangement of the atoms constituting the molecule.
The exact nature of the changes is not known, but it seems clear
that they are irreversible and are part of an extended series of
changes that proceed throughout the life of the seed and continue
after it ceases to be capable of growth and is called ¢ dead.”
At a certain point in this series of changes the seed becomes
capable of germination, and is then described as germinating
ripe; at a later stage in the same continuous series of changes
the seed again becomes incapable of germination, and this
point we call death. Manifestly it is commercially valuable
as seed only while it journeys between these two points.

Chemical changes that accompany these physical developments
and continue after so-called death result eventually (in some
thousands of years) in the carbonization of the seed—a charcoal
model of it remaining, as may be seen in the cereals unearthed
from very ancient Egyptian tombs.

Seeds enjoying a rest period are described as dormant. Dor-
mancy may, of course, be artificially prolonged, by withholding

the moisture or heat or oxygen necessary for germination. On
the other hand, to break a natural dormancy and induce a seed

to grow ** before its time ” is a matter of
v the greatest dj
Indeed, it is probably safe to say that it : t difficulty.

hastening of the after-ripening changes

them. This is perhaps an academic
the same.

» IOt to any elision of
Istinction—the effect is
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Longevity. I.n vi_ew of wh?.t has been said, it is not surprising
to find a period 1n thc‘serms of physical changes towards the
death-point during wh{ch the seed is still capable of growth,
but not of ready or vigorous growth. This is the period of
sentlily or senescence. It may be an extended period of slow loss of
vitality, as in, say, red clover, which may live eight or ten years,
or a brief season of rapid weakening, as in parsnip seed, which
is commonly useless at one year old.

The importance of the varying capacity of different species
to retain vitality—to seedsman, gardener, farmer, and forester
alike—is obvious. Among crop seeds the value of parcels kept
““ over-year,”’ i.e. until actually in the second year of their age,
must depend very largely on this capacity. A certain amount
of commercial seed, sometimes a very large amount, i1 over-
yeared every season, the quantity depending on the amount
harvested and theseason’sdemand. Cropseedsare occasionally
called upon to do their best when much more than two years
old. As to weeds, it is patent that those that produce seeds
capable of long life are much more potentially harmful than
those producing short-lived seeds.

It is easy to understand that the problems of longevity—
specific and varietal differences, factors assisting or interfering
with retention of life, methods of fostering it artificially—have
interested investigators for many generations. Zoroaster,
writing about eight centuries before the Christian era, and
Theophrastus five centuries later, referred to it, the latter
examining the then available evidence in some detail. To
these a very extensive list of modern workers’ names could be
added, perhaps the most outstanding being Strickland and his
fellow members of a British Association Committee set up in the
middle of the nineteenth century, Ewart, Becquerel, Gigliol1,
Dorph Petersen, Winifred Brenchley, and Crocker. These
workers have studied the effects of natural and CﬂntI:DHﬁd
artificial conditions of storage upon length of life in, collectively,
a large number of species. . ;

The British Association Committee, using some 200 SPECIEs,
found those of the pea family (chuminmsa:) most notable for
longevity, several species being capable of life up to I}ﬂ:ﬂﬂ}' half
a century. Their work suggested that the most critical ages
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for many species were three years and e_ight years—fnincty-
seven species losing their germination capacity at the tlnrf;l year,
only nine at four years, three at five years, three at six, but
seventy at eight years of age. _

Miss Brenchley at Rothamsted conducted trials that have
become classical upon the numbers and viability of arable land
weed seeds to be found in soil under turf of known age. Land
known to have been ten years under grass provided a total of
about 400 seedlings of arable weeds from a quarter of a cubic
foot of soil; a thirty-two-year-old turf field yielded seventy-
four, and thirty were obtained from soil covered fifty-eight
years by grass. Soil from an arable field tested at the same time
gave a few less than 8oo seedlings, so that roughly speaking
about half the seeds of common types appear to have lived ten
years and about one twenty-fifth of them for nearly sixty years.
The seedlings obtained from soil at various depths up to 1 foot
were separately counted, and it was found that where the land
had been under grass for long periods (thirty years and up-
wards) the greater number of the viable seeds were in the lower
layers at depths of 6 to g inches, suggesting that quiescence of
conditions and protection from changes in warmth, moisture, and
aeration exercised a definite protective effect. As many as
EIE:VEII. different species had survived in the soil undisturbed for
ﬁfty:-mght years, ﬁgﬂmﬂt_ﬂnly twenty appearing in that still
cultivated, and fourteen in that ten years under grass,
an important matte}; for m;lzf ShulmH %St We?d ke
in distribution and }JEr etuati % Ej‘?ﬂ-ps s Pr0m1n¢nt part
half of the seeds of ribgr:f;s (Pl oy oecs. He found about

antago faﬂﬂﬂ{?z{li{l) and a quarter of

those of mayweed (Matricaria i i
; odora) germinable aft
through the digestive tract of a cow.g W

Nt
seeds of sheep’s sorrel (Rumex Sl gain, about half the

b}' a towl, but here the
_ orne in mind, Ameri-
a5 : . Ameri
n v.fnrk suggests that the digestiye system of the | el

effective than that of the Cow in de o HOTER) L5 o8

stroyi -
would thus appear that seeds given to stac}l;nilf f:dedegr S;: cw.l::é:]l 211:

gizzard must be
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those occurring in litter, play an important part in contamina-
tion of t}].e manure.-heap. It must be observed, however, that
a material proportion of the weed seeds finding their way into
manure perish by reason of the moist heat generated there by
fermentation, though it is known that many of the hard-shelled
types, like docks, sorrels, and fat hen, can withstand even these
conditions very well.

Investigations have been made by Ewart, Becquerel, and
others concerning the effects of controlled conditions, from
which emerges the general conclusion that seeds may be kept
for considerable periods (more than a decade) in inert gases
such as nitrogen or carbon dioxide, and even in a vacuum, if
kept dry, cool, and undisturbed. Stability of conditions seems
to be a very potent factor, and probably this accounts for
cuccessful survival at depths of several inches in the soil.

Fabulous stories are current concerning the germination of
seeds of immense age. Wheat grains taken from Egyptian
tombs are often credited with vitality. Although this is quite
untrue, it is a legend that never seems to die, and year after year
inquiries are received concerning so-called ¢ mummy ** wheat.
When examined the embryos of genuine mummy wheat are
found to be incapable of germination, and grains placed 1n test
rapidly decay. Actually wheat is a comparatively short-lived
seed, and under ordinary conditions of storage twenty-five years
may be considered its maximum life span. The agricultural
value for seed purposes is, of course, a very much shorter period.
The oldest living seed of which there is authentic record is
probably that of Nelumbium speciosum (the Sacred Lotus),
recently roused out by Dr. Ohga from Manchukuo peat beds
where it had certainly lain several hundred years. This seed
s invested in a shell so hard that soaking in concentrated vitrin:.ﬂ
proved a necessary preliminary to germination; and peat 1s
an excellent preservative material. Instances of lesser, but
nevertheless considerable, longevity are familiar to most of us.
Charlock and poppy seeds do quite frequently germinate 1
enormous numbers in soil that is broken up after lying for
thirty or more years undisturbed (witness the Flanders POPPY);
and a cut- or burnt-over forest or clearing will often ** spon-
tancously >’ produce a sea of pink willow herb, hence the name
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““fire weed ”’ given to Epilobium angustifolium in North Amf:rica_
Certain families of plants are specially notable for longewtyﬁ in
their seeds, among them the poppy, turnip, and clover families,
The last-named represents a special group.

Hard Seed. In clovers and other small legumes we commonly
meet with individual seeds that do not swell if immersed in
water. This means that they do not imbibe any of the water,
and consequently do not grow. With well-ripened seed
the majority, if not all, are alive, and a pinprick or scratch will
induce growth. Immature or poorly developed seeds may
remain hard in test, and yet prove incapable of germination
even though the seed-coat be punctured. Hard seeds have a
thicker cuticle, or horny water-resisting layer, on the outside of
the testa (seed-coat) than the average of their kind, and, being
thus protected, can frequently remain alive much longer than
seeds less well armoured. Among commercial legumes the
small-seeded species exhibit this capacity for ‘ hardness.”

One rarely meets with it in peas or beans, but it commonly
appears 1n lucerne, trefoil, and the true clovers,
more general in the smaller-seeded species of the
group, such as white and alsike,

being again
last-named

| than in red or crimson clovers,
which have larger seeds. Hot, dry weather during ripening,

and over-ripening, are conducive to the formation of hard
seed. _Hen_ce wild white clover, which is a mixture of strains
that ripen irregularly, commonly contains 2, higher proportion
of Over-ripe grains, and thus of hard individuals, than Dutch
white, which has been reduced by repeated cultivation to a
more near:ly uniform mixture of strains. 'Wild white samples
may occasionally be found to contain 9o per cent of hard ra?ns
average figures being 5-15 percent. In commerce, par%:els 0%

cln:{e:h containing material amounts of hard seed are scarified
. 3
an us rendered pervious to water, by abrasion against a

rough surface in special ajr. ' :
ough surface in special air-blast l'IlEl.Chll‘lE:S: With irregularly
Ppointing result,
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There has bF:':Ell much controversy regarding the value, under
natural conditions, of hard seed. The view has been held that
hardness is a provision against accident, the theory being that if
the crop fails because the seedlings are killed off by adverse
conditions such as drought the hard seeds, not having ger-
minated, are uninjured and remain in the soil ready to sprout
when more clement conditions prevail. To make them incap-
able of absorbing moisture, whether it is there or not, seems a
somewhat strange means of achieving this protection for the
species! It has been argued, on this theory, that hard seed
should be regarded as germinable for the purpose of declaring
the percentage germination capacity of a sample. Under the
rules of the International Seed-Testing Association a compromise
is adopted: With lucerne the total percentage of hard
seeds, one-half for red clover and one-third for other legumes,
may be added to the actual germination percentage (after
stating both figures separately) for the purpose of calcu-
lating the ‘“real value” of the sample, i.e. the combined
figure expressing purity and germination together, arrived at
by multiplying purity per cent by germination per cent and
dividing the product by 100. For the purpose of declaration
under the Seeds Act, 1920, in trading within the United King-
dom it is not permissible to add any part of the hard seed
percentage to the germination figure; both figures are, or
should be, stated separately.

In practice, if they are kept immersed it is found that in the
true clovers from 35 to 45 per cent of the seed remaining hm:d
at the conclusion of the ten-day germination test will §nak' in
one year, while in trefoil and lucerne practically all 1.:Ji11 imbibe
in that period. The international rule on the matteris therefore
reasonable, though the permissible addition might perhaps be
augmented somewhat for trefoil. A splendid e:::amplﬂ of
the patience required in scientific inquiries 1 furnished by a
classical trial with hard seeds conducted by Dr. Nobbe, of
Tharandt in Saxony. He set various lots of ¢ hard ™ rf-:d cliover
seeds to soak in distilled water and counted oft pe?md%cally
those which had swollen. After forty years he issued an interim ()
report showing that roughly one-third of the seeds became
permeable in one year and another one-third in the next thirty-
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nine years. Similar experiments conducted by the author with
white and alsike clovers (so far for only twenty }.fears) show
closely similar results, the proportion soaking within one year
varying between 33 and 44 per cent in dlff{'ﬂ‘ﬂIIF samples,
alsikes usually showing rather higher figures than vj.rlute cl_overs.
From these trials, therefore, as well as from the point of view of
common sense, it seems clear that under farming conditions
no more than a third of such seeds are likely to be of practical
value, for it cannot be claimed that in the_ usual course seed
germinating more than a year after sowing is of much value.

Germination. Four requirements are commonly recognized
as essential for the germination of a ripe seed, namely: (i)
oxygen, (1) water, (i1) a sufficient degree of warmth, and
(iv) the seed must be alive—a factor often forgotten! To
these the reader will now add (v) after-ripening, bearing in
mind that this is often completed without any rest period
following ** visible ** ripeness.

Oxygen. In ordinary circumstances oxygen is of course
supplied by air. Of ordinary air, oxygen forms about one-

fifth. In the soil the composition of the ajr between the
mineral particles differs a little from that

containing slightly more carbon dioxide (carbonic acid gas)
and slightly less oxygen:

but unless air is excluded, as, for
example, in an undrained s

oil by waterlogging, there is ample
oxygen for the purposes of germination. Even if air be totally

excluded, vigorous seeds will frequently germinate making use
for the purpose of the oxygen generally to be found dissolved in
water, especially in rain-water, Moreover, the cell tissue of
which the seed is composed is permeated by air-passages and
the very small amount of air contained jn these may be enough
to enable the seed to begin In the absence of an
external supply of oxygen, however, development does not
proceed very far. The OXygen is used by a seed in the early

stages of growth fc{r the purpose of respiration—in effect for
8Y to perform the g

of atmospheric air,

burning food to provide ener
L] ﬂr F

Just as we ourselves breathe ; to burn fggdkiof growth,
bodies to give us ener 1 our own

Ve 5Y to walk (or to writ |
The process is indirect, but that is what jt amnusmtf;it-bnoks .
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Water. Animals and plants, including seeds (which are
miniature plants), maintain life in the jelly-like protoplasm
contained in all living cells. For the maintenance of life in
that protoplasm water is an absolute essential. It has been
pointed out that seeds in a ““dry ”’ state are not in fact entirely
dry—some water always remains. If they are completely de-
hydrated they are killed. Protoplasm in a resting condition can
remain alive with a minimum supply of water, but a plentiful
supply must be present to support activity. Clearly the proto-
plasm must be active in such a process as germination and
growth. Hence, patently, a good water supply is essential.
In healthy soil the necessary water is absorbed from the film
that normally surrounds each particle. It chiefly enters the
seed through the micropyle, but is absorbed to a lesser extent all
over the seed surface. In instances such as beet and mangold,
where the seed is enclosed in a spongy receptacle, and in
grasses, where the kernel is held between chaffy glumes, the
latter act as absorbing and storing organs for water, which they
pass on at a reduced and regulated rate to the seed within.
Such seeds are less affected by variation in water supply during
germination than naked seeds such as clovers.

Normally, seed does not need to be fully soaked in order to
grow. Indeed, some species, such as cocksfoot grass, resent
a too-profuse water supply and germinate sulkily therein.
The water-absorbing relations of grass seeds in particular are
very involved, and will be referred to in a later section when
shipping is under consideration. Besides being an essential
factor in the activation of protoplasm, water Is of course
required as an agent of transport to carry dissolved food and
food products from place to place within the tissues. It 1s
naturally the chief constituent of the sap either of a seedling or
a mature plant, as of the blood of animals. In view of what has
been said under this and the preceding head, it is mnterestng
to note that distilled water, which contains no air, is definitely
less satisfactory than tap- or rain-water, which are aerated, for
use in germination under laboratory conditions. ;

Temperature. Practically nothing will grow at Iireezing
temperature and nothing at boiling heat, but Pﬂmﬁﬂ“ Ithese
there is a wide range of temperatures tolerated 1if not enjoyed
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by one or other species. Agricultural and garden seeds in
general prefer relatively low temperatures of Petwccn 18° and
30° C. (= 644-86° F.), and a large proportion of them will
succeed best at about 22° C. (= 714° F.). Under soil con-
ditions few crops will braird until the 50'{1 r?aches 8".‘ (@F §=
46% °F.). If a thermometer plunged 2-3 in. in the 52311 IZEESIC]E:
a sowing of garden peas in the spring be watched, 1t will be
seen that the peas start into growth when the day temperature
passes this point. Under soil conditions seeds are evidently
subject to fluctuating temperatures, and in a good many crop
species this appears to be an advantage. In the laboratory a
number of kinds—e.g. cocksfoot, carrot, parsnip—will grow
distinctly better if the temperature of the incubator is deliber-
ately fluctuated within judicious limits than if kept at a uni-
form temperature. Generally speaking, for laboratory ger-
mination, a temperature somewhat too low is better, though
it may give results slowly, than one too high. In our soils, of
course, too high a temperature is unlikely to exist. In this
connexion an important point arises: cereals that suffer from
delayed germination, through lack of after-ripening, will give
a much higher germination figure within a reasonable period
if incubated at a temperature some degrees lower than normal
for the species. Thus black winter oats may germinate quite

sa@factnrily at 18° C. (643° F.), but will often give much more
rapid and better results at somewhat lower temperatures, and

if kept at about 5° C. (41° F.) for a couple of days and then
brought into the comparative warmth of 18° C. complete
germination will follow almost immediately, Whén facilities
for the artificial lowering of temperatures are not available a

cml.room or cellar will usually give the most satisfactory results.
Curiously enough, delayed germination seldom affects grey
winter oats to any appreciable cxtent, nor does it seem to cause

any noticeable difﬁ-culty in the field. This, however. is prob-
ably .due to the soil and temperature conditions rei:railin at
the time of seeding, : e

Vfrnafiz'zariun. I_t 18 astonishing how blind we can be to the
obvious! Ever since the first day man gathered the fruit of

plants for his food he must surely have pondered the machinery

of their growth; certainly since Plant physiology in the modern
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sense tcrn_k birth from Van Helmont’s classical experiment
with a wﬂl{)?v shoot he }.135 'Cf)nscinusly striven to understand
the mechanism. All this time he has assumed that bodily
erowth and the development of a capacity to form fruit were
interdependent and must advance side by side, simply because
they wusually do so. It remained for the Russian scientist
Lysenko, as recently as 1932, to point out that the development
of a condition giving capacily to reproduce sexually, being largely
independent of growth in size, could be encouraged to advance
while the latter was artificially delayed. The Russian word
adopted to describe this artificial separation and speed-
adjustment of the two processes was transliterated by German
authors to jarowization, now translated to the English vernaliza-
tion—i.c. ‘ springification,” the artificial inducement during
winter of physiological changes that normally occur after sow-
ing in spring.

The process is carried out simply, say, with Russian winter
wheat, by spraying the seed with water until it contains half
its own weight thereof, placing it in a cool incubator until the
very first signs of germination appear, then transferring for a
period of seven or eight weeks to a cold store where the tem-
perature is too low to allow growth to proceed, but not low
enough to cause injury (about 2° C.). During this period of
cold storage the physiological development towards reproductive
capacity advances, while bodily ogrowth of the plant marks time.
When, at the conclusion of the vernalization period, the seed 1s
sown, growth in the warm soil proceeds as usual, but the
physiological development has * got ahead »* of it, and as a
consequence seed is eventually produced at an abnormally
early stage in the physical life history of the plant. The period
of growth of the crop in the field is thus shortened (by a term _ﬂf
days), and it appears that under Russian conditions the limits
of latitude within which wheat-growing is practicable have
been materially extended. So far experiments in America,
Great Britain, and elsewhere on similar lines have given mixed
and on the whole discouraging results, but this may be due to
the fact that crop varieties and conditions are dissimlliar to those
of Russia than on account of any falsity in the Russian theory.



Chapter Two

Commercial Seed Production

Seed Growing. In an earlier paragraph an out-
line has been given of the ripening process, and the importance
of the invisible factors involved has been emphasized. It is
obvious that the farm-scale seed grower has only the less
intrinsically important visible changes to guide his judgment
in determining the appropriate moment for harvest. He
unconsciously uses the visible as a gauge of progress in the
invisible developments. In these circumstances it is not sur-
prising if he is sometimes wrong in his judgment, for the relation
between the two series, as we have seen, is not hard and fast.
The experient:{‘:d grower, however, is generally  there or
thr:zreal:?ﬂuts ”‘ r1ght3 and perfect exactitude is by the nature of
things impossible, since no crop can be expected to ripen all of
ilt::-ﬂefii :{ the famﬁ moment. Collateral evidence may be of
seed and hi:lg})asi;tcfrif;hémbryﬂ'gmﬂ i KIS GTAS

It is evident that no Enerzl : ?pﬂ b o g :
much depends on the hgabits :::uf'rtllllES SR8 Al dovmylngio
; | S nabl ¢ crop. The grower “ play-
ng for safety 1.:4111. be inclined to over-ripen rather than under-
ripen, on the principle that by leaving the crop standing he will

afford the laggardg an o .
Pportunity of catching :
members. In certain instan : g up with earlier

Instance, a crop of malting b
to secure evenness of germinatio

a crop such as turnip, where o Ipeni
a CrG : Ver-ripening leads to shatteri
it will result in heavy loss of seed; while in ope lik:aniE;

clover, where it tends to ““ K u
ardness,” it ma In h
o ) Yy Involve the un-

y must be thnmughly ripened
n on the malting floor, but in
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necessary —€xpense and waste of scarification. Generally
speaking, in the straw crops (including grasses) for agricultural
purposes the seed need not be deadripe at harvest. The process
is satisfactorily completed in the stook after cutting. The last
stage before drying consists of withdrawal of material from the
straw to the fruit. This has led to the belief that completion
of ripening after cutting is more satisfactorily accomplished if
the sheaves be hung head downwards. The author has been
unable to find any evidence of this in experiments with several
grass Species.

In such crops the colour of the fruit and straw is a usual guide
to ripeness. Colour here really means proportion of dead
mechanical tissue, the general tone of the originally green head
and straw becoming progressively golden or silvery and papery
in appearance, from above downwards, as the tissues of the
floral envelopes and of the culm die. The degree to which
ripening can proceed under apparently adverse circumstances
is remarkable. In the course of an investigation made by the
author green florets of meadow foxtail were placed upon a moist
germinator; the kernels were quite green and watery, and 1n
the course of the three weeks normally allowed for a germina-
tion test only 7 per cent of them sprouted. The remainder
were left on the incubator, and by the end of three months 83
per cent had contrived to ripen and germinate. Had these
been harvested and stored dry in the ordinary way there 1s no
question all would have died; presumably the warm moist
conditions of the incubator kept them alive long enough to
complete the necessary ripening and after-ripening changes,
and as each reached germinability it grew.

In clovers, uniformity of ripening ‘s a somewhat more difficult
problem than in cereals and grasscs. Most of our bulks of
clover consist of mixed strains, and an average English sum-
mer is second-rate ripening weather, so that the best we can
aim at is to harvest when the maximum prﬂpﬂrtion of the crop
1s ready. Clover growers commonly walk through the crop
and pinch heads here and there between the finger and thumb
in order to feel the progress of filling and hardening of the seed,
and rub out a few heads in the palm to inspect 1ts colour.

It should be emphasized that while, at least In many n-
c
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stances, some degree of unripeness at the time n'f f:._utting is of
little moment, and may even be an advantage, 1t 1S 'gr:.-nerally
desirable to have seed well ripened before harvest if 1t 1s to be
stored for any material length of time before use. It 1s also a
matter of common observation that with small legumes, the
seed of which must be *“ drawn ** from their capsule as well as
threshed from the plant, the seed stores more satisfactorily in the
capsule than after drawing. Such seed 1s often described as
in cosh—examples are ummilled sainfoin and unmilled common
trefoil. Cereals are expected to store better if left on the straw
in the stack than if threshed, but this may well be due to better
external conditions rather than to factors internal to the plant
—evenness of temperature, exclusion of atmospheric moisture,
and steady gentle ventilation. Naturally this will only apply if
the crop is in good condition when stacked; threshed seed 1s
preferable to a damp stack.

Space forbids any detailed description of harvesting methods.
In general, the obvious essentials are: cutting, either by
machine or hand; maturing on the ‘ straw,” either in
“ sheaves,” *‘ beats,” *‘ gleans,” or bundles of some sort;
and either immediate de-seeding (by hand or mechanical
thresher) or further storage in stacks or houses before finally
threshing. Hand harvesting is only resorted to in special cir-
cumstances nowadays, the cost of labour being prohibitive for
most ordinary crops. It may have to be done where ripening
is extremely irregular, as with meadow foxtail grass, or where
shattering is particularly easy and the seed is relatively expen-
sive, as with parsnip. A point of interest arises in connexion
with the latter crop: the juice of the flower stems blisters the

skin, and harvesters must be specially protected against it.
In recent years a great advance has been m

practice by the American introduction of the combined har-
vester and thresher. The name sufficiently describes this
heavy 1mpl'eni1ent—it delivers threshed sced from the standin

crop, and it is evident that such g machine can only be usr:g

}uheg a {::rnp 18 Tipe. In its present form it is only really suitable
or dealing with wide areas, and hence ip view of our small
fields and our dubious climate WE are not in a position to

make a very extended use of it. It has, however found some
3

ade in harvesting
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favour in the eastern counties of England and some other areas
for cereal harvesting purposes.

Seed Storage. In determining the most suitable conditions
for the preservation of threshed seed it must be borne in mind
that loss of condition or death is most generally the result of
interaction of two or three factors, any of which by itself would
have to be greatly intensified to cause the same degree of
damage. Moderate heat combined with moderate moisture
is as harmful as a much higher temperature acting upon dry
material. Conversely, ample moisture may be present for
very long periods (years) without causing harm if other condi-
tions required for activity (warmth and air) are excluded, as
when seeds are buried in the earth. It is probable, too, that
changes in conditions have an activating and thus deleterious
effect. It is well known that certain seeds (e.g. cocksioot,
carrot) germinate better in an incubator if subjected to fluctua-
tion of temperature. Changes in the preliminary stages of
germination are closely akin to those causing death in badly
stored seed—indeed, they may often be precisely the same.
Further, living seed breathes, but breathes very gently, as has
been pointed out in an earlier section.

Taking cognizance of these various factors, it will be seen
that good storage conditions must provide (a) relative coolness,
(b) relative dryness, (¢) very gentle ventilation, and (d) um-
formity of these three desiderata. The last is more important than
is generally recognized—* thorough ventilation » is commonly
advised, and, as usually understood, is not in fact desirable,
except in the early days of storage when the drying of the seed
is still going on and respiration is still fairly active. The old-
fashioned practice of storing apples In a straw stack has much
to commend it, and similar means are sometimes successfully
adopted for preserving small lots of valuable seed. Such a
stack 1s well adapted to preserve an €ven temperature, to keep
out external moisture, and to allow for the slow diafiltration of
air. Obviously the straw itself must be dry and sound. F?r
small quantities of seed the common method of storage 1n
paper bags, not sealed up, but merely folded over at the mouth,
is excellent if the bags are kept at a reasonably low and equable
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temperature. For warechouse quantities the seed should be sacked
and stacked in tiers—as it usually 1s. Entirely unventilated con-
tainers are dangerous unless the seed 1s very dry at the outset,

Shipping. Special difficulties arise in connexion with transport
of seed, especially sea transport where the route lies through
tropical waters. This applies particularly to grass seeds, the
chafly envelope of which is well adapted for absorption of moisture
from the atmosphere. It is well known that serious loss of
viability may occur during transit of grass seeds between Europe
and the Antipodes in either direction, and it has been observed
that similar damage may be sustained by parcels shipped from
Europe to the Pacific coast of America via Panama, but does not
occur in shipments to New York on the Atlantic coast. The
atmosphere immediately over water carries a high degree of
humidity, and it has been recorded that the rate of absorption
by, for instance, ryegrass seed, 18 proportional to the relative
humidity of the atmosphere to which it is exposed. Relative
humidity (as opposed to absolute humidity) is the percentage
proportion present of the moisture that would be required to
saturate the air completely at the existing temperature. Hence
the amount of moisture absorbed by seeds depends not upon the
actual amount of water vapour present in a unit volume of air
(= absolute humidity) but upon the degree of saturation. The

graphical record in Fig. 3 shows how faithfully the gain and loss

exhibited !JY ryegrass in the author’s experiments conformed
to the periodic fluctuations

in relative humidi { =
sphere. wmidity of the atmo
It will be seen that the difference between {1
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will not of itself cause harm of the seed vs kept cool and if the
time of exposure to moist conditions is not too long.

The three factors, the interaction of which govern the risk
of damage, are temperature, moisture, and time. Any of
these may be increased very considerably without harm if the
other two are kept low. In practice, as long as steamships are
used, the time factor is obviously the least easy to control.
Hence it behoves shippers to reduce as far as possible the other
two—not a simple matter in either instance. Moisture could
be reduced by artificial drying before shipment, but grass seeds
that have been artificially dried on a kiln actually re-absorb
moisture more readily than undried produce, so that except on
a very short voyage it might easily do harm rather than good to
dry down beforehand, unless the kilning was carried to such
lengths that the seed became ‘““ bone dry ’—to, say, 2 per cent
or less of water—and were then sealed in an air-tight container.
This would not be practicable commercially. The author has
found normal seed (i.e. containing some 12-13 per cent of
water) shipped to San Francisco in air-tight containers to suffer
much greater loss in germination capacity than the same seed
shipped in ordinary double sacks.

In regard to temperature, the trader is handicapped by
inability always to supervise stowage and by the impossibility
of avoiding tropical sea routes to certain destinations, or the
added expense of avoiding them where avoidance 18 geo-
graphically possible. The highest temperature recorded by
the author (in a parcel of seed shipped from Belfast to the west
coast of America) was only 35° C. (= 95° F.), but lower tem-
peratures than this have proved very damaging, on occasion,
when combined with moist atmosphere for a period of several
days. In all these circumstances the refrigerator ship suggests
itself as the most satisfactory solution to the ‘prubler.n. This
may be so, for experimental trials with artificial cunllm;g have
given satisfactory results, but refrigeration cff a ship’s hnl_ci
1 an expensive matter. In commercial practice grass seed 18
generally shipped in double hessian, linen, or cotton sgtck.s
(commonly each containing 2 Or 1 cwt.) packed closely 1 a
flat tier in the hold, away from engine-room bulkheads, and

covered with a spread tarpaulin.
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1t is sometimes found that seed shipped from Europe to
Australia or New Zealand shows a lower weight per bushel
upon arrival than when despatched. Investigation indicates
that this is not due to loss of water and must mean that fewer
<eeds will go into the bushel measure—that is, the individual
sced occupies more space than it did originally. This is
explained by the slight forcing apart of the valves of the husk
under the influence of absorbed water during the tropical part
of the voyage, and inability of the valves to close quite tightly
again when that water 1s lost in the drier atmosphere of the
final temperate stage of the journey, by reason of the tiny teeth
borne on their opposed edges. A purchaser sometimes makes
a complaint on this score, but it 1s rebutted by the argument
that he receives the number of seeds he pays for; the fact that they
are individually slightly larger does no harm.

It must not be supposed that damage of the kind described
is the usual thing in sea-borne seed. Far from it; usually,
even in tropical voyages, no harm occurs. The matter 1s here
discussed on account of its interest, not because of its frequency.

Seed Cleaning. In order to separate sand from sugar the
analyst seizes upon the physical characteristic in which the two
most markedly differ; he washes out the sugar by dissolving it
in water. On the same principle, to clean and purify a parcel
of threshed seeds the machiner makes use of the characters in
which the impurities differ most widely from the ‘ pure seed ™
(i.e. the species to be isolated). Thus the action of seed-
cleaning machinery depends upon the relative (a) size, (6)
weight, (¢) specific gravity (a function of a and b), (d) rjcrughnf:ss
or smoothness, or (¢) shape of the species in the original bulk
(Fig. 4).

The hand sieve and the numerous machines making use of
sieves, including the thresher itself, depend of course upon the
first-named factor. Sieving in one form or another is the most
generally useful and the most widely ased cleaning method.
Obviously, large impurities may be separated from Smal_l seed,
or small impurities from large seed, by an appropriate sieve.

The indented cylinder machine employs the size factor 1n am.:rthﬂr
way., Essentially it consists of a hollow metal cylinder having &
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FIG. 4.—Diagrams of machi
ne principles (not to scale
A—velvet sleevg&dlﬁ*—lndented cylinder: C—pegged evlind .)' ded
1= rL e; E—spiral chute; F—.« dug-ﬁa 4 uy |'|1| sty
The dotted lings show course of seed—q, heavy; b Ilfht* :s::mittnhr‘ h
[ O s I, rougn.
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«mooth trough suspended lengthwise inside it, of slightly less
width than the internal diameter of the cylinder, and placed
above the centre line of the latter. The inside face of the
cylinder 1s pitted all over v»:rith cup-like depressions. The whole
assembly 18 tllt(’,(} 1nng1tud1_nally and seed 1s fed in at the upper
end of the cylinder, which slowly revolves. A cylinder is
chosen in which the pits are slightly smaller than will accommo-
date the seed to be cleaned ; impurities of smaller sizes fall into
the pits and are carried upwards by the revolution of the cylin-
der until they approach the top position, when they fall out
(the pits being now inverted) and are caught by the suspended
trough. The pure seed merely slides slowly down the
cylinder and 1s delivered at the lower end. Ribgrass (Plantago
lanceolata) is extracted from red clover by such a ““ rib cylinder ”
machine.

Weight and specific gravity give effect to wind-blast and
centrifugal machines. There 1s a great variety of wind-blast
machines ranging from a sheet of paper to gargantuan monsters
occupying a warehouse floor. The sheet of paper is by no
means to be despised. It 1s a very useful instrument for
“ dressing up ** small bulks of seed. The paper is held in both
hands, the edge nearer the user being crushed so as to give a
truncated fan shape to the sheet, the ends of which are held
higher than the middle so as to give a shallow cupping eftect.
A handful of seed at a time is put on the paper, which is then
given a gentle combined tossing and flapping motion: the
whole sheet is moved up and down, but the front edge more
violently than the back edge. The effect is to keep the seed
tossing an inch or two in the air over the centre of the paper
while light chafly and dusty material is withdrawn from 1t by
the forward air current set up by the flapping front edge.
Knack, acquired by practice, 1s needed in this operation. A
facile worker can by its means achieve @ surprisingly sharp
division between chaff and seed ; so much so that the process 10
amodified form is employed in some State Secd—Testingj jStatm{ls
as a preliminary means of separating husk from ¢ full ”” seed In
purity analyses of grass seed samples. A shallow wqodﬂl} tray
is used, having sloping sides and ends, and known by its original
Danish name of d;rﬂftgr truge (fanning dlSh) It I‘ﬁSEII'lblﬁS 1mn
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general appearance a rectangu{ar ‘““ butchers’ tray" without
the projections. It is gripped lightly at two opposite corners
and swung in the fingers so as to toss the seed as before, the
draught being produced by the forward free corner of the tray,
over which the lighter particles escape.

On a larger scale the same principle has long been in farm use
and may still occasionally be seen employed In connexion with
corn threshed by flail. A cup-shaped rush ** wisket * (basket)
with grips not quite opposite is partially filled with a few shovel-
fuls of grain and chaft] lifted by the grips, the wider side away
from the worker, and heaved and flapped by the arms and knees
in concert. Millet’s painting, Le Vannuer, depicts a husband-
man thus engaged.

From these elementary implements 1t 1s a small step to the
winnowing machine in which the air blast is provided by a rotary
fan, and the combination of this with sieves is a further fairly
obvious advance. This association is to be seen in the thresher,

in the modern farm winnower, and on an expanded scale in the
trade warehouse machines.

Centrifugal machines are fewer. A hand-operated example
useful for small bulks consists of a shallow flat-bottomed
circular dish or sieve suspended by a central cord to which
a “* swilling ” motion is given by slightly rocking and simul-
taneously swinging in a circular orbit. If the instrument is
part‘iallyir filled with a smooth seed such as flax, the swilling
motion 1s 1imparted to the seed, with the result that the smooth
a_nd hez}vy ﬂﬂ?‘_ tends to swirl to the outside of the circle and
ll_ghter impurities to collect in the centre, whence they can be
picked out. An automatic centrifuge requiring no power, but
useful for a limited range of Jobs, consists of a spirall coiled
sheet of smooth metal enclosed by a cylinder in the sat};le wa
that the outer wall encloses a spiral newel stair. Seed is fed uz

tu_this' from a hopper at the top.  As it slides down the steep
spira’ 1t must travel round and round the cylinder and naturally
the heavy material crowds to the ou

tside and the I
ac(:um'ulates tnw?.rds the centre. A division at the bit]ttljgri"itf}?
the spiral theril directs light and heavy into separate . s
hoppers. This implement serves receiving

: _ well for i :
simple mixtures such as Peas and oatsg “cparating relatively
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A recently int'rc}duccd_machine, capable of very fine and
accurate separations, variable to suit a wide range of subjects
makes use of the centrifugal principle in a new way and ennr-:-
mously augments its possibilities. This machine is power-
driven, and in essence consists of a tilted table divided longi-
tudinally by a number of dog-leg shaped partition walls a few
inches high standing up from its surface. Seed is fed in a very
slow stream on to the ““ table ” which 1s oscillated from side to
side. The amount of tilt and speed of oscillation can be
regulated. The seed slides very slowly down the slope of the
table in longitudinal streams between the upstanding partitions,
but in doing so is shaken from side to side by the motion of the
machine so that it strikes first the dog-leg on one side and then
that on the other of its path. If a seed is struck by the upward
tending face of a dog-leg it is thrown thereby in a slightly
upward direction (against the slope of the table). If it is
heavy enough it will overcome this upward thrust before it
strikes the opposite dog-leg and will miss the upward face of the
latter and hence work its way lower down the table, but a
light seed will fail to do so and will again be thrown upwards.
The total effect therefore is that light seeds tend very gradually
to work their way up the sliping table, and heavier seeds to filter
slowly down. Heavy and hght fractions of any mixture are
thus delivered at the bottom and top of the table respectively,
and so accurately can the oscillation, the rate of feed, and the
tilt be adjusted that astonishingly fine separations can be made
even between constituents of almost the same specific gravity.
The diagram (Fig. 4) will make the action of this machine clear.

A method occasionally employed to separate mixtures by
means of specific gravity variations is that of flotation. 'Theo-
retically it should be possible by this means to make the finest
possible separations. In practice the difficulty is that the range
of variation in specific gravity among individual grains of a
sample may overlap the range of variation covered by the 1m-
purity. In such an event the most careful ad] ustment of density
ﬂ;f the flotation medium will evidently fail to give perfect separa-
tion. The method has been tried for a number of difficult
cases, such as extraction of dodder (Cuscuta) from clover ‘Scﬂfi,
but it has not become common practice. It ismore effective In
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snstances where the discrepancy in specific gravity is greater,
as with ¢ bunt balls >’ in wheat. These are the skins of wheat
grains packed with a sooty mass of spores of the bunt fungus in
place of flour. They are approximately the size of t[?f: normal
grain, and while not sufficiently light to blow out satisfactorily
under a wind blast, are light enough to float in a salt solution
of such strength that normal wheat just sinks in it.  An infected
sample being agitated in such a solution, the bunt balls float to
the surface, and can be skimmed off. The immersion does not
injure the grain if it is brief and if followed by washing and
drying.

Roughness of seed coat is made use of in two principal ways.
A rough seed will not roll or slide down a sloping rough surface
so easily as a smooth seed. A very rough seed may refuse to
move at all on a suitably rough surface. Degrees of roughness
in the seed may be met by choice of suitable grades of roughness
in the surface and by the pitch of the slope. Use has been made
of this principle in several machines, plush or velvet surfaces
being usually employed, and the implement at present in almost
universal use for cleaning small clover seed is an excellent
example. In this machine the seed is caused to pour over a
Sﬂl‘iES. of velvet sleeves carried upon pairs of rollers and set like
a series of sloping steps in a tilted rectangular frame. The
rollers are driven to rotate the sleeves in an upward direction.
The machine Is set so that this rotation just fails to prevent the
clover seed sliding down, but does arrest rough-skinned weed

seeds or other rough impurities. The latter cling to the velvet,

AL carr.*t:{:d upwards and discarded, while the purified clover
collects *“ at the bottom of the stairs.”’

; Thi g
exceedingly efficient device. his has proved an

An extremely ingenious mag

s netic machine, upon a principle
devised in a moment of Inspira » U] P P

; tion by a young lady then quite
strange to the seed business, is employed for the e}}({tracti;ln of

fiﬂdidﬂ seed from clover. The large-seeded variety of dodder
1s almost exactly the same weight and size as red clover and

nearly the same shape—but it | - :
while that of red clover is smonth o2 - 4/ roughened skin

smooth and polished. [ 1
ex:t;;act ?ndder frnmﬁ a bulk of clover Sﬂﬁdpthﬂ whole i:sﬂfrflilﬂg
with a 1in€ magnetic powder and subsequently shakexl: free of
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it again. 'The polished surface of the clover seed does not hold
the powder, but the dodder 1s just sufficiently rough for some
of the tiny grains to remain attached. The bulk then being
passed in & slow stream under a magnet, all particles which have
retained any of the powder adhere to the latter while the pure
clover seed, carrying no powder and being unaffected, passes
on. It will be seen that although this process is primarily
directed to the extraction of dodder, it will automatically with-
draw any impurity capable of retaining the powder and light
enough to be lifted by the magnet, including cracked or broken
clover seeds, the powder sticking in the cracks or on the rough
fractured surface. The introduction of this machine (about
1g22) proved a highly successtul method of combating one of
the worst bugbears of the clover seed growers in warm countries
where the parasite is common in clover crops, efficient extrac-
tion having up to then been impracticable, and the presence of
the seed in the produce a grave bar to export sales.

Shape, although often one of the most obvious differences
between species, is a difficult characteristic to impress into the
service of the cleaner: it is not easy to design mechanical
appliances that will sense shape! It has, however, been done:
there has recently been introduced a machine that dis-
criminates between weevilled peas and sound peas, and extracts
the former from a threshed bulk. The larva of the weevil
feeds by tunnelling inside the flesh of the pea, and when the
insect leaves the seed the round hole through which 1t has
emerged, opening into a tunnel, is left. Damage of this l_slﬂd
is commonly a very serious drawback 1n seed peas, especially
those from certain European countries largely exporting to the
United Kingdom. The tunnelled :ndividuals are now removed
by a machine fashioned somewhat in the manner of the * In-
dented cylinder > (p. 27), but having the inside of the dlrum
furnished with numerous short pegs instead of depressions.
When the peas are rolled round and round in such a drum,
sooner or later the weevil hole in a damaged individual 1s
caught by o peg. The injured pea is thus *hung on the
peg until the revolution of the cylinder brings it to the top; when
it falls off and is discharged as ° impurity.” Sound peas

cannot of course hang themselves on pegs-
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The ¢ long mesh » sieve also deper{ds fm: its action upon the
shape of the particles laid upon it. OSileves are generally
« vound mesh” or “long mesh.” (Square mesh is ve
unusual.) These terms explain themselves. The long-mesh
instrument is built of wires or bars laid parallel at precise
distances apart and bound transversely by similar or thicker
rods spaced more widely apart. Alternatively they may be of
sheet metal through which narrow rectangular holes are milled
or punched. Such sieves serve to separate species that are
approximately similar in volume and weight but one of which
is elongated in form and the other more nearly globular. For
example, by careful manipulation, a long mesh of suitable
dimensions will achieve the difficult separation of shelled soft
cranesbill (p. 105) from white clover.

Disposal of Cleanings. It i1s often difficult for the grower
to realize how much impurity his threshed and perhaps
winnowed sample of seed contains, particularly the grower of
small (grass and clover) seeds. Largely for this reason, no
doubt, he not infrequently sows his own home-produced seed
without subjecting it to commercial cleaning. It is by no
means easy for an experienced seedsman or analyst to estimate
by eye—even approximately—the proportion of chaff and weed
seeds in a sample. Chaff of course does no harm if you choose
to sow 1t: weed seeds do. Unfortunately the seeds of weeds
infesting a given crop have a habit of superficially resembling
those of :che crop. Separated, the two are commonly distinct
ennugl'} In appearance, but the eye, inspecting a mass of the
two mixed together, is so “ hypnotized * by the multitudinous
e T R

ge of the weed. Only in very rare

Instances is it good practice to .
: SOW unclea 3
fessionally cleaned) seed. It ned (i.e. not pro

: may be acceptable for such special
]tj;rzrssnz}s as clothing 4 new embankment or renovating (:Ertain
P £ o8 aonntain pasture, but it should not be done.on
decent agricultural land.
The nature of
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nature of the crop and weed seeds respectively are the chief
factors controlling difficulty of cleaning. One would not
expect much impurity other than straw and chaff in, say
turnip seed grown from a crop of hand-planted “ bulbs,” irjl
wide drills, kept clean by cultivation. On the other hand
there is scarcely any limit to the weeds that may intrude in a cr:}l::
of grass, sown broadcast, perhaps on foul land and of necessity
ancultivated. Roots and vegetables are in the main relatively
easy to clean, cereals fairly so, clovers relatively difficult, and
grasses, broadly speaking, probably the most difficult on account
of their irregular shapes and frequent * stickiness > owing to
awns and hairs.

Most countries nowadays have laws and regulations govern-
ing the importation of, trading in, and sowing of agricultural
and horticultural seed. Hence the avenues for disposal of
“ cleanings >’ are few and becoming fewer. On the whole this
is desirable. If a wholesale cleaner cannot dispose of his
cleanings at any price, clearly 1t will affect the price at which he
can sell his clean product. Most seeds, however, are so cheap
in view of the immense numbers in a small weight that the use
of poor quality seed on the score of expense is not justified, and
any system that tends to 1ts discouragement is, to that extent,
good. There is a certain amount of sale for some grades of
cleanings for the manufacture of feeding stuffs such as poultry
meals. Sometimes it happens (quite rationally) that a common
weed of one country ranks as a useful species in another. There
15, for instance, a certain amount of sale abroad for YDI‘]:;ShII‘E
fog (Holcus lanatus) which is actually classed as an ‘ injurious ”
weed by English seed regulations. Sometimes there is nothing
to be done with cleanings but burn them. *

A point often lost sight of is that, In spite of the skill of
experienced cleaners, and of the ingenuity and efficiency of
modern machinery, weeds cannot be cleaned out of a 'bulk of
seed without some loss of the crop seed accompanying the
extraction, This explains (in conjunction with the difficulty
of seeing the impurities) why a crop often loses more weight
AL cleaning than the grower thinks it should. F_ﬂl‘ EX?-IHPI’S:
with ryegrass the total amount the machiner 18 obliged tO
remove in order to produce a Jerchantable sample may



36 Farm and Garden Seeds

vary between 15 and 25 per cent, or even more in a difficult
season.

United Kingdom Seed Supplies. HOME-GROWN SUPPLY. The
longer a crop species has been in cultivation the more
numerous become its varieties. This 1s natural enough; the
reasons are clear. Less obvious are some of the corollaries,
amongst which is the fact that a country commonly produces
its own supply of seed of the older crops and imports supplies
of those more recently domesticated. This applies particularly
to countries like our own, not specially suited for seed ripening,
The greater the choice of varieties the greater 1s the tendency
for these to segregate into groups particularly successful in
individual world areas, and the greater 1s the difficulty of
obtaining seed of a given type outside its adopted area. Hence
home production. Cereals have been 1n cultivation for
thousands of years and varieties are legion. So we find some
wheats particularly suitable in, say, the United States of
America, but others in Great Britain, and purchase of seed
from one area by the other would simply mean buying unsuit-
able varieties. With a “ younger ” crop, however, such as
red clover, where varieties have as yet only been selected to a
relatively small extent, the type is more generally uniform
(even though the uniformity ”’ may be due to heterogeneity
of stocks) so that we can grow successfully red clover purchased
from France, America, Sweden, or New Zealand. (Exceptions

to any such broad principle are of course easily thought of and

f.ire r;ﬂwadﬂ‘)fs being rapidly increased by deliberate organiza-
on.

There is an increasing tendency to

of relatively severe conditions to one of softer climate, and a
marked one to reduce by actual

_ legislation the opposite
ﬁi;?sa’flg% Witness thf‘i several countries that have in recent
}f:mm ls[;iltgleﬁd Iiﬂgt}ila{;mns requiring staining of seed imported

E.. - : : B Sl
; Y “1_‘35: and, in s0me 1mstances, pI‘Dhl'Jlt:’:d

species altogether, In the United

import seed from an area

seeds; most of our own se
ed of the *f older g
i ) cler rasses (rye-
gras ): but less of other grass species and of some practif:ally
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none; afair proportion of our clovers and of certain root crops:
relatively little of other root crops and of vegetables, i

Grasses. Our chiet home-produced species is perennial
ryegrass, and its variety Italian. These are grown in Northern
rreland, Scotland, and the Fen country. The first-named area
harvests some 20,000 tons in an average year and is the world’s
chief ryegrass-producing centre; the second about one-third
of this amount, chiefly in Ayrshire and Stirlingshire; while
relatively very small quantities (of Italian) are grown in Cam-
bridgeshire (Isle of Ely). During the past few years there has
also been grown a considerable acreage of the special strains of
perennial Tryegrass that originated from the Welsh Plant-
Breeding Station (see p. 43). One or two counties in the Irish
Free State are within the “ grass seed ” area of Ireland, but
ter-trade with these counties has latterly been severely reduced.

Perennial ryegrass is sown down in a mixture of grasses and
clovers, and after harvesting once for seed the ley remains two
or three years as pasture. Italian ryegrass is sown alone and
ploughed up after one seed crop has been taken. Average
crops are, of perennial about 5 to 6 cwt. and of Italian about
7 cwt. per acre.

Second in importance is timothy. Scotland is responsible
for the annual production of some 100 tons of this, chiefly on
the carse lands of Stirlingshire, with some from Ayr. Timothy
does not mature a material seed crop in its first year, and rye-
erass is sown with it to provide hay. Heavily manured, 1t 1S
subsequently harvested for seed, with intervals for rest, over a
number of years. Average Scottish crops thresh from 3-5 cwt.
peracre. Latterly appreciable quantities of seed have also been
produced in this country from Aberysnvyth-develnpﬁd strains
(see p. 43). e

The next most prominent species 1S crested dogstail, which
varies in amount very widely from year to yeal. The average
home crop is in the neighbourhood of 1,000 tomis. Almost
all of this is grown in a restricted area in County Down and
C?u“tY Antrim, where it is grown in the mannct of a cerea},
without admixture, and harvested twice, the sec::?nd NORE S
Crop being the heavier. A little is harvested as an ‘ impurity,

Separated from pasture crops of wild white clover in south-east
D
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England. From the specially grown seed crop 4-5 cwt. of
seed per acre are harvested. .

Refore the recent war home supplies of cocksfoot supplied
only a small fraction of our requirements. :Tllﬁ war years,
however, have seen a Very remarkable increase in the quantities
produced in this country, as will be noted ﬁ*ﬂI’f‘l the table given
on p. 43. In the main this seed has been obtained ﬁ_'nm special
strains that wereintroduced by the Welsh Plant-Breeding Station.
Further, the quality of the seed produced in respect to purity and
germination has reached extremely high standards H-.Ild reflects
the greatest credit upon all concerned in its production. Very
small amounts of fescues and rough-stalked meadow grass are
also harvested in some seasons in the southern and south-central
counties of England, but the contribution to supplies of these is
practically negligible.

Clovers. The main clover-seed-growing area of Great
Britain lies to the south of a line drawn from Bristol to the
Wash. Red and white clovers are largely produced, alsike less.
Of red clover, two main types, under a variety of names, are
used—the common early-flowering, double-cut ‘‘ broad >’ red
and late-flowering or single-cut. There are numerous locally
recognized * strains »* or varieties, but distinctions between these
are nebulous. In certain counties, such as Essex, where red
clover growing 1s heavily concentrated, clover sickness is apt
to be a troublesome handicap. It is usually the result of

infestation of the land with the fungus Sclerotinia trifoliorum, or
sometimes with a parasitic eelworm., The crop cannot be
grown on land thoroughly “ sick,” but the late-flowering type
Erf:;dﬂ?cilﬁtﬂﬁjgtﬁi? 1:csistant to attack than tl'.u: double-cut
and as rﬂg'ards broad :eilﬂ E}?Wﬂ B aa aiiad o Hoec,
math—is used. In actual ; 53’-';3'715{ e i ﬂDWEI‘S.— g
growth would be m S b tbward-carried- the ﬁ?St
ore productive, but red clover is self-sterile

and the deep narrow tubular sh :
ficials ape of th .
pollination by a long-tongued insEct. s it

agent 15 a humble bee, which is :
season of the first growth of broad r:c? ts L load auithe fiowering

0 0 that very few flowers are
f{?ru}mcd and mns_equentl‘y very little seed is prn?luc;d UwWith a
single-cut type this practice obviously cannot bhe adnl:;ted, since

In practice the active



Commercial Seed Production 39

10 material amount of aftermath is produced, but the main
crop 1 sufficiently later than that of broad red to ‘ catch
the humble bees, at least to an extent permitting the harvesting
of a reasonable crop. Red clover 1s a heavy and a sappy crop,
not easy to curc into hay except under the finest weather.
gmall stacks are used and are commonly ventilated by the
insertion of bundles of brushwood or the formation of ** chim-
neys ” (upright hollow shafts) by building the hay around
«tuffed sacks, which are drawn up continually as the level of the
«tack rises. An average crop of red clover in England yields
some 4 bushels (say, 260 1bs.) of seed.

White Clovers are also of two types, cultivated or Dutch and
wild or indigenous. These are both mixtures of strains and
the difference between them lies in the proportion of long-lived
individuals, which is very high in the wild type and low in the
cultivated. The description * wild ”” has become a trade term
and does not imply ¢ unsown ”—both types are in fact culti-
vated, but while Dutch is grown alone on arable ground, “ wild ”’
is harvested from pastures that have been sown down for a
term of years with a mixture of * permanent ™ grasses and
clover. Some of the finest of these pastures are remarkable for
the simplicity of their composition, consisting almost entirely
of white clover, perennial ryegrass, and crested dogstail. The
harvesting of pastures of wild white clover 1s a matter calling
for care and skill. In Kent, where the industry first developed
about the beginning of the present century, the rainfall is low
and the plants are often of extremely low stature. They must
be cut very closely and even then the flower-heads are some-
times so short-stalked that they cannot be raked by ordinary
implements and must be collected on sheets of sacking dragged
on the ground behind the cutter bar of the mower: A crop of
this sort consists almost entirely of flower-heads and takes
relatively little curing before it appears dry, but the heads turn
brm’_“"ﬂ and seemingly dry before the contained pods and_SEEdS
are in fact mature, and precautions against heating are desirable
Wht‘l;l stacking, :
an‘?:lmd'l?hite clover is remarkably cathr:'ﬂic in its ;a‘stﬂ ;I;tisﬂﬂis
Th Wil succeed under the greatest diversity 0 flﬂﬂ it

€ two chief centres of seed production are, however, relatively
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small areas (a) in Kent around the Bethersden district, and ()
on the Cotswolds. Small quantities are harvested in a rather
desultory manner elsewhere. The crop does exceedingly well
in the east of County Down and in favourable seasons profitable
crops have been seeded there; but the rainfall 1s much higher
than in the east and south of England and the grasses are apt to
grow too luxuriantly and swamp the seed-bearing clover heads.
An average pasture crop of seed is about 50 Ib. per acre. The
seed sold as ‘‘ wild white once grown ”’ is the produce of a
crop sown down on arable ground with wild white seed from
an old pasture. It is thus *“ cultivated » to the extent of one
generation, but this is not sufficient to make any detectable
difference in the agricultural quality of the strain. It has in
practice given results quite on a par with those obtained from
true old pasture seed, and of course larger yields of seed can be
obtained from an acre under arable conditions than can be
expected from a pasture. England produces practically all
the wild white, and a large proportion of the Dutch white seed
used in the United Kingdom. Essex, Suffolk, Sussex, and
Hampshire are the most prominent counties in the production of
Dutch clover. In recent years the Aberystwyth strain of white
clover, S. 100, has to avery considerable extent replaced ordinary
Dutch white.  White clover enjoys the advantage of being much
less susceptible to attack by the clover sickness organisms, and
may be substituted for red clover when there is a danger of failure

i‘;g‘l thzlﬂ-“ﬁﬁr-_ Du;:ch white is sown alone when intended for
» and a sowing of about 4 1b. AL :
the neighbourhood of 200—275 e L e

o Ib. As with red clovers, locally
’ 3
;e;al}tﬂdbstucks of white clover are common, the same strain
ggg_ TEH retained on the same farm for many years.
1c1al schemes for the certification of seed from genuine
old pastures a ;

| re in operation in F . _
countries (see also p, 43), England and in some other

Isﬁi\flki\hiiswnggr uptgme. 4 P'{lpular seed crop in the British
i 4bu5he15p(ﬂ A1 grown in East Anglia and give yields
regular practic fsay’ 200 .1b*). PEr acre, but no growers make a

€0l producing it. Tt ig very resistant to clover

sickness and there ge
ems . | :
not be more largely Lo adequate reason why it should

home
aftermath crop of flo ome produced. It doeg not p
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Apart from this the general treatment is much as for red
clover.

Crimson Clover 1s an annual crop, of which we produce the
major part of our seed requirements; the remainder hasusually
been received from France. It is a rather difficult crop in that
the seed shatters easily; it is very hairy and holds water from
wain or dew; and the seed itself when ripe and dry is brittle
and easily cracked or broken by careless handling.

Lucerne 18 grown on a small scale only, the bulk of the seed
used being imported. Our seed formerly came mainly from
France, but latterly Canada and the United States have been
our suppliers. The major difficulty in producing lucerne 1s to
keep the crop clean in the early stages; when young it does not
compete at all well with weeds. Until recently it has been
believed that it could not succeed in the Midlands or west of
Great Britain, but it is now clear that if the seed is inoculated
with a culture of root-nodule-forming bacteria (B. radicicola)
of the correct strain it is not adversely affected by longitude
within the limits of the United Kingdom.

Sainfoin, Trefoil, and Kidney Velch are chalk-loving species,
and are therefore to be found in cultivation chiefly in the calcic
areas of East Anglia, Northern Hampshire, and the Oolite
districts of the Cotswolds. The United Kingdom produces the
main part of her requirements of seed of the first two species,
but imports more of the kidney vetch. Two distinct types of
common sainfoin have developed as a result of differing seed
production practice—a long-lived type 1n Hampshire where the
crop is not seeded until it is some half-dozen years old, and
short-lived plants have therefore died out, and a short-lived
strain in East Anglia where it is harvested at a much younger
stage (often at only two years old). _

Root Crop Seeds. Seeds of cruciferous species (cabbage famﬂy)
are produced in major quantities in Last Anglia. The chief
Sﬂrtf; are: turnip (common and Swedish), cabbage and kale
var}ﬁtiﬁﬂa rapes and mustards. The two last-named are annuals,
while the others are generally grown as biennials, but can .be
made to behave as annuals if sown late in the year. Turnips
and swedes, developing ¢ bulbous * roots if sown in the spring,
can be lifted in autumn, stored over winter, and again planted
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out n the following spring when they produce tall flowerin

stems, fruit, and seeds, largely at the expense of the stored food
material in the bulb. This is the common method of t‘reatmcqt
and growers regard it as an advantageous mﬁthm.:l in that it
permits them to pick over the roots before replanting and use
only those that are sound, well-shaped, and of the type thﬁ}'- seek
to perpetuate.  The reality of the advantage of this is dubious:

the ** characters > carried by the seed depend on other factors
besides the quality of the immediate female parent.

Alternatively turnips may be sown at the end F’f the summer,
when they make small plants, resembling rape, in the E:Ptumr:;
These remain in the ground over winter and next year 'bolt
to seed without ‘ bulbing.” There is no difference in the
genetical constitution, and hence none in the quality or type,

of crops grown from seed raised by these respecti;ve methods.
The difference in the behaviour of the Crop a{:cordu}g to seasor}
of sowing is probably due chiefly to the difference in length o

day experienced by the plants at corresponding stages under the

two systems. This influence i bo
“ vernalization *’ '

prominent difficulty the cruciferous SE:‘:d
grower has to face is the noteable ease with which the species

hybridization is often disastrous, as when a
turnip variety is c '

Pe, the resulting hybrid being

all, fibrous, woody bulb. The
only effective means of ing Inter-crossing is to keep seed
species isolated from each other,
growing of these types for seed commonly

cnance of stated distances between crops.
S the practice ip producing seed of man-
golds and of beet is simn;

1s similar to that ip vogue for turnip.
Vegetables are also seeded to a smal] ¢xtent in East Anglia,

but in the main we do not produce our own seed of these.
Flax, Formerly the seed w ]

as mainly imported, although a
small amount was grown, especi ' leties, but the
main bulk used was either ” from small bulks sent
out from home or consisted o

f foreign-grown produce imported
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by ordinary purchase. First-class fibre and first-class ripe seed
may not be produced from the same crop. Our climate—
particularly that of Ireland—permits us to produce first-class
fibre, but seed production is apt to be somewhat more risky.
Nevertheless, during the past decade this country has produced
large quantities of excellent seed, and it will be interesting to
see to what extent the production of seed will survive when
world conditions become more normal. It is to be hoped,
however, that we may continue to produce a greater portion of
our own requirements than we did in the past. The flax plant
1s a short-lived annual, the individual blossoms of which only
persist one day (hence the rather disappointing appearance of
a field of ** the fairy flax >’ in bloom), and bears round capsules
each containing several seeds. Blossom colour is either blue or
white according to variety.

INDIGENOUS STRAINS. Wild white clover has been harvested
In varying quantities in the United Kingdom since about 188o.
Its immense value became widely known in the second decade
of the twentieth century. Strangely enough the value of
similar strains of grasses has only come into prominence in more
recent years. Special strains of ryegrass, cocksfoot, and timothy
are now available, and are being produced upon a considerable
scale in England and Wales. Since the source of these strains
was the Welsh Plant-Breeding Station they are commonly
known as Aberystwyth strains. Some idea of the rapidity with
which the production of these strains has been expanded 1s
conveyed by the table, showing the acreage devoted to the six
best-known strains in 1941 and 1946.1

1041 1946
e acres acres
Pasture-type Perennial Ryegrass . S. 23 533 6,266
Pasture-hay-type ) : S. 101 02 3:33
Pasture-type Cocksfoot S. 14% 172 S:SM
Pasture-hay-type Cocksfoot . SR I - A 220 B:E
Hay-type Cocksfoot . . Gl 33 53 2’12
Pasture Hay-type Timothy o R 7 L

Although grown to a lesser extent other strains are also available.

1 See Seed Production Committee Report, National Institute of
Agricultural Botany, 1946.
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Gertification. Seed carrying an official certificate
to type, produced from crops grow
supervision, is available
foreign countries.

of trueness
n under Government
In certain Dominions and some

In England an official certification scheme
has been in operation for many years in connexion with wild
white clover seed production. During the war years schemes
for the inspection of approved local strains of herbage seeds

have been developed and are now in existence in a considerable
number of counties.

OVERSEAS SOURCES OF SUPPLIES. Among imported agricultural
species, clovers and grasses are the most prominent. Before
the last war red clover came to us from Chile, France, Italy,
the United States, Poland, and New Zealand. In recent years,
however, our supplies have been drawn almost entirely from
Canada, the United States, and New Zealand. Stocks from
Southern Europe and South America are generally larger seeded
and produce rather short-lived soft crops. They are also apt
to contain dodder. For some time there has been a tendency
to stress the use of seed from more northern latitudes, and
certain countries now discourage imports from warm climates.
Alsike clover originated as a domestic crop in Sweden. Our
seed 1s mainly of Canadian origin. White clover was formerly
imported from Central Europe, Canada, and New Zealand.

Supplies from Europe are no longer available. Wild white
clover is obtainable

The importation o
from season to seas

home production.
mark and

s seeds fluctuates very much
On, according to the available supplies from

Perennial ryegrass may be had from Den-
also from New Zealand, but here again stocks from
_ ‘are apt to be variable and only officially certified
stran?s are desn*_ablﬂ for use here. Argentine ryvegrass and North
American domestic yegrass are very short-lived types entirely

ux}suitablﬂ for British use. Cynosurus echinatus, sometimes met
with under the description of

: Chilean » ryegrass, is not rye-
grass at all and quite useless to us.  Italian ryegrass was formerly
purchased from France and

: - Denmark, Supplies from Den-
mark are becoming available once more. Cocksfoot reaches us
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t-om New Zealand and exports from Denmark have now been
resumed. Meadow fescue 13 chiefly obtained from the United
gates and Denmark. Our imported supplies of Crested dogstail
come from New 7ealand. Timothy we import from Canada and
the United States. Of the species often referred to in the trade
2s ¢ natural grasses,” rough-stalked meadow-grass (Poa trivialis)
.« of Danish origin, and smooth-stalked meadow-grass (Poa
pratensis) 13 supplied entirely by the United States. Chewings
fescue (Festuca rubra v. fallax) comes to us from New Zealand.
Supplies of other «mall fescues which came entirely from Europe
have ceased. Imports of Meadow foxtail, which came from
Finland, have also stopped. No doubt, however, when Euro-
pean trading conditions become normal such seeds will again
be procurable.

A good deal of prominence during the past two decades has
been enjoyed by species of Agrostis under the familar name of
bent. This genus has come VETy much to the fore for lawn and
sports ground purposes. Under our conditions the best species
is Agrostis tenutis, the so-called New Zealand ¢ brown top.”’
In pre-war days we also imported small quantities of German
mixed bent, but these have now ceased. Another SpPECIEs, -
well-known fiorin or ‘‘ red top » (Agrostis stolonifera), 18 supplied

to us by the United States.



Chapter Three

Seed Testing

Purpnse. There are two plausible views of the
real purpose of seed testing. One school of opinion holds that
the primary purpose is to assess the crop-producing potentiality
of the seed; the other asserts that it is a conventional method
of grading for commercial purposes. The fact is that seed-
testing stations are called upon to do both these things, and 1t
15 idle to argue the question, ‘“ which is their primary raison
d’élre? ” From the historical point of view, information for the
husbandman was no doubt the objective of the earliest seed
*“ analysts ”* (who functioned at least 800 years before the Chris-
tian era!), but there is equally no doubt that to-day most seed
testing is performed in the service of commerce. As a matter of
economy, or of economics, it is desirable that more tests should
be made for the trade and fewer for the farmer and gardener.
A ton of seed may be tested in one bulk as satisfactorily, and in
some ways more satisfactorily, than the same ton split up into 2
hundred small parcels, Obviously it can be tested much more
cheaply. It therefore seems common sense to encourage, or
€ven to require, the testing and certification of large bulks in
trade hands, when it becomes unnecessary to test the numerous

§m3.11 lots into which those bulks are divided. Theoretically,
it further

bulk bf‘:cc:nmeg unnecessary to test for retailers if wholesale
o s are ca}“uﬁed: It would be so in practice if there were no
uitous difficulties such as the holding over of unsold small

stocks, dampness or o Hatnp ; ;
verheating in s transit
and the like, g 1In stores, damage during tre

: and no temptation to . without

€, that a certain amount of retail testing and
46
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testing for actual consumers will always be required in view of
difficulties such as those referred to above, and for checking
pUrposes. This argument takes no cognizance of the question
of testing for farm{?rs seed grown by themselves, which they
propose to sow again on their own land or sell direct to other
farmers. Tests of this kind, and tests for the information of a
grower who has seed to offer to wholesalers, are clearly required.

Much mistaken effort has been expended in attempts to set
up standardized methods of testing seeds to satisfy both the
requirements of international trade and those of the husband-
man. The essential in tests for trading purposes is to provide a
basis for comparison, not a criterion of intrinsic value, and such a
basis as shall offer the fewest chances of dispute when properly
used. This implies international standardization of laboratory
methods, and, as will be abundantly clear when analytical
methods are examined later, the general acceptance of numerous
conventions, both in the making and in the interpretation of tests.
The actual user of seed, on the other hand, wishes to know
exactly how many plants of the right kind an ounce or pound
of the sample in question will give him, and how many of the
wrong kind (weeds), the nature of these latter, and what
proportion is ‘‘ inert >’ or will produce nothing. It is obvious
that this precise information can never be given completely,
because external conditions, varying from time to time and
from field to field, exercise so much influence on the result of
a sowing, but the analyst could and should inform the user on the
points mentioned as they appear from his test under optumum
conditions. At present he does not.

It is easily seen that the two main arguments here offered
are not, on the face of them, compatible. If the user of the
seed requires different information from that necessary to the
trader, it does not apparently remain sufficient to test :wholﬁsalﬂ
stocks and assume that results apply also to retail Parcﬂls
drawn therefrom! This would be a sound objection 1t tests
for the two purposes were made on the lines here suggested as
more desirable, but it 1s not applicable as long as roughly
standardized uniform methods of testing arc employed _f”r
both purposes, as at present. Further, if @ sufficiently extensive
examination were made of relations between the two systems
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when carried out under optimum condutions, details required by the
grower could be accurately deduced from tests of the ** trade
type; a different interpretation only of the figures obtained
would be required.

A very big stride has been made during the past two decades
towards unification of aims, standardization of methods, and
the elimination of grounds for dispute, by the organization of
an International Seed-Testing Association. This 1s a development
from a European association that had been in existence a few
years earlier, and its membership now includes almost all
civilized States. Previous to 1939 triennial congresses of the
association, in which representatives of seed-trade organiza-
tionsalso participate, sought by friendly discussion and agreement
to elucidate knotty points in technique and interpretation, and
eradually to elaborate an agreed system of testing and reporting
acceptable to as many member States as possible. It is hoped
before long to resume such meetings. Methods and rules
approved by such congresses do not, however, have statutory
value, and are, of course, over-ruled by the import regulations
imposed by Governments of various countries. Nevertheless,
an increasing number of countries now officially recognize the
In:[ematiﬂﬂal Association’s form of certificate as sufficient
evidence of the quality of the consignment it accompanies and
waive formalities in connexion with import of parcels so certified.

Seed Testing Technique.! THE pUrRITY TEST. An official—
and reasonable—definition of pure seed is, * seed of the kind
of whn.:h the parcel purports to consist.” The simplest kind
of purity test would therefore be, in a sample labelled £,
separation 1nto two portions—AK and not K. Would that purity
analyses were so straightforward! Even if they were there
would be di lculties enough. To casual appearance it would
seff:m casy to decide, once one were familiar, with the appearance
%'h?a gtiznnimp ;Bﬂq,.Whethﬂr the specimen were K or not K.
i ost amiliar grass seeds in European use are no

perennial ryegrass and Italian ryegrass. Typically they

| S
o distinct in form that they could be distinguished in the
! Useful data and

SR o, oot Eeqc}uantitativt details are tabulated in Appendices 1
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dark. Nevertheless, discr‘imina.tion between these two provides
one of the most toilsome jobs tl}c seed analyst has to face. If
Ttalian sced has lost its awn, as it very often has, a most trying
and laborious scrutiny under a compound microscope must be
undertaken to determine presence or absence of minute teeth
on a particular section of a particular rib. Beyond simple
separation of ¢ pure seed” and * impurities,” however, in
established practice it 1s usual to segregate various types of
impurity, according as they are harmful or only useless, and
as they are living or non-living. The grades of impurity
recognized as standard in the United Kingdom are (a) injurious
weeds, (b) other weeds, (¢) useful seeds of a species other than
those of which the parcel purports to consist (¢ other useful
species ”” on official certificates), and (4) mert matter.

Injurious Weeds. A few species were considered, at the time of
drafting of the first English testing of seeds order (1917), to be
specially objectionable. There were various reasons for their
selection—some were listed because they were actually very
harmful as weeds on the land (e.g. docks); some, apparently,
because they were congeners of very harmful species (e.8.
common sorrel) ; while with others the reason for their inclu-
sion now seems rather obscure. Curiously enough, the parasitic
dodder does not appear in this injurious ”’ list, although 1t 1S
regarded with such distaste that under English law it has to be
specially declared if present in clover in €xcess of very small
?Pf:ciﬁcd numbers. While dodder is merely listed amongst

other weeds” its presence or absence must be specially
shown on the purity report, so that the sender may see at a
Hlﬂflce whether or not a sample of clover contains dodder.
This stringent condemnation, combined with improved methods
of cleaning and care on the part of farmers and merchants,
has greatly reduced the incidence of this obnoxious parasite in
English. clover-producing districts. The British * injurious ”
tis as follows: Docks and sorrels (species of Rumex), cranebills
iiga&f‘”’ﬁ): wild carrot (Daucus)f suflf brome grasses (Bromus),

£ Elghshlre fog (:Halcus). A list with many faults. A
Heriand er countries, naturally, other weeds are Spﬁcﬁt l‘{
the peri: and a numbe:r of States issue lists of Spt?ClES of whic

entage permitted in imported seed IS controlled.
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Canada prohibits five species and lists many others as being
noxious in various degrees; the United States of America
cites about 100 species and regards samples containing more
than 2 per cent by weight of such species as unfit to enter into
the United States. In the Irish Weeds and Agricultural Seeds
Act of 1909, as subsequently amended, and now current in
Northern Ireland, docks, thistles, ragwort, and ox-eye daisy
are specified as noxious, but this is for the purpose of com-
pulsory destruction of the weeds on the land, not for seed trading
purposes. Under the rules of the International Seed-Testing
Association weeds are not at present grouped, but are all
estimated together, in view of the difficulty of compiling a list
suitable for all countries of specially objectionable species.
Dodder, however, is separately mentioned.

In certain countries special provisions against individual
species appear in the regulations governing trading or import.
In England the law requires special declarations in connexion
with suckling clovers (Trifolium dubium et spp.) in clover
samples, and of burnet (Poterium) in parcels of sainfoin, In
addition to that concerning dodder; for admission to Sweden,
perennial ryegrass must be certified to contain less than a
prescribed percentage (8 per cent at present) of ryegrass seeds
whlf:h react to a particular test (the Hellbo test, see p. 87) for
Italian characteristics; and for importation to France the con-
tﬂl"ﬂi[ of Bromus or of Vulpia must be less than (at present) 5 per
cent,

Other We_aads.‘ It is not always simple to decide whether 2
Elvtl_l species is a weed or not. About the huge maj::}rit;:r of
iE:fali C?E;;:;th In commerce there is no doubt, but dubpus
Foothn o1 ItlhecrEﬂpl'up' For ‘example, burnet, spcc:m.ll':’
et e o . nglish regulations as. ﬂbjﬂctlﬂnﬂl?lﬂ in saln-
i e of ot past}lre crop plant in England 1t5'c1f : :?pﬂ

melilot (Melilotus alba), an objectionable impurity,

1s lar ica:
p gely *oWn under the name of sweet clover in America;
oa fpralensis, our

smooth-stalked meadow gTass here
IC . ; . )
Spiifs:?Pm A0 impurity in samples of the ruugh-stal.kecl
L Innalis), is one of the two most important pasture
grasses in the Unite

bluegrass. Th @_Staﬂeﬁa where it is famous as Kentucky
' ¢ decision in such instances as these must be
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decided by the agricultural value of the plant in the country
concerned.

Some countries include, under the head of *“ other weeds ™
the fruiting bodies of .pa,rasitic fungi Whﬁ:ﬂ they occur. Others
place them under ‘ 1nert maj*.tcr.” Strictly speaking they are
neither. It 1s mMOTE convenient, however, to include them
under one of these groups, since it avoids the necessity of intro-
ducing a special category to deal with them. From the
practical point of view it is immaterial under which heading
they are shown, provided attention is drawn to their presence.
The most commonly occurring are the sclerotia of various strains
of ergot (Glaviceps Spp-) in grain and grass seed samples. Those
of Sclerotinia trifoliorum may occasionally be met with in samples
of clover. These and other common diseases are discussed in
2 later section (pp. 63 et seq.).

The nature of the weeds in a sample 1 often a very useful
guide to the origin of the sample. A prominent instance 1S
their use in discriminating between wild white clovers harvested
from an old pasture and ~ once grown » on arable land re-
spectively. Naturally, the produce of an arable crop will
contain annual arable land weeds such as soft cranesbill and
chickweed, while that from an old pasture should not contain
arable weeds, but may be expected to carry perennial pasture
species such as crested dogstail or Agrostis. Again, certain
weeds are useful as indicating the country in which a crop was
srown. The small Umbellifer Ammi majus and the composite
A?{Ibf’asia artemisiaefolia indicate Chilean and North American
origin respectively when found in red clover. The grasses
Phalaris nodosa in white clover suggests New Zealand. In this
. connexion it is to be observed that in view of the international
traffic in seeds, which has been going on for generations, weeds
bave been transported to new areas all over the globe, SO that
in very few instances are they to-day really diagnostic, though
thtg may often be strongly indicative. _
i Pﬁﬂlr}t of weakness in current methods of seed testtl_ni
s ga : in connexion with 'tveec} seeds. In usqa]t pra(} lﬂn
A ¢ not tested for germination, and the recipient O a{:d
will 7S5 15 very apt to assume that all the weed §ced mention

grow. This is of course often untruc¢—in fact, taking
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weeds as a whole, their germinability 1s generally slightly leoss
than that of the  pure seed  of the sample in which they
occur, and this itself is almost always below 100 per cent.

In a standard analysis report, weed seeds as well as other
impurity fractions and pure seed are stz}ted as percentages by
weight. This practice, although established by long usage,
might well be improved. A moment’s consideration shows
that 1 per cent by weight of a large seed means something
totally different from 1 per cent by weight ot a small one. If
a sample contains 1 per cent by weight of soft brome, this will
mean about 1,200 seeds of soft brome in every pound, but if the
same percentage of chickweed is present, every pound of the
sample will contain some 45,000 chickweed seeds. It is an
occasional and a good practice to report the number of weeds
per pound of the sample in addition to the percentage figure
by weight. Properly to assess the effect of the weed content it 1s
necessary to know both proportion by weight and by number;
the former tells the purchaser what proportion of his money 1s
being expended on weeds and the latter how many weeds he
will be sowing per acre. The same remarks apply to the
* other useful species ” fraction, though here the omission to
report numbers is obviously of less importance except with
fine turf-producing grasses. The inert fraction cannot of
course be reported by number, by reason of its nature, and it
?vou-ld be fruitless information even if it were possible to give
1t, since inert matter will not grow.

Useful Impurities. This fraction relatively seldom presents

difficulty. There is no great problem in diagnosing barley
among wheat or cocksfoot among ryegrass. A number of

Instances Crop up, however, in which special methods must be
applied to discriminate between closely similar species. Promi-

nent instances of such resemblance are: meadow fescue and

perennial ryegrass; rough-stalked Poa and smooth-stalked Poa;
unripe or old alsike clover and unripe or old white clover;

turnip and rape; six-rowed barley and two-rowed barley;

mixed species of Agrostis (bent). The special characters

e ' ‘ * : ‘
mployed in the tf‘nlagnﬂsw of these and similar difficult circum-
stances are noted in the later descrj

: t1 ' “thi e in
some instances, ptive section of this book

when a microscope must be used, the analysis of
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any material amount of the mixture is a very laborious task,
and it 18 conventionally agreed that proportions may then be
determined by separation of a much smaller amount than that
of the standard analytical sample.

mert Matter. 'This fraction probably gives rise to more
disputes than any other. With grass seeds the question of
:ert matter has given rise to world-wide controversy as to
whether or not the empty husks of the species of which the
parccl purports to consist be considered inert matler or pure
«ced? On the face of it, 1t might appear that there could
be no such question—that empty husks are in fact iert and that
should settle it. Further, a husk that does contain a kernel, if
that kernel is too immature or too much damaged to grow,
s in fact inert, and so, on principle, should go into the inert
fraction. If this be accepted the analyst is left to decide for
himself in every instance of an undeveloped kernel, whether
the latter is sufficiently mature to grow, and this immediately
introduces a very bad  personal ” factor. All degrees of
development, ranging from fully mature, through various
immature stages down to empty, may often be found together
in the same sample, and two analysts may differ very materially
in their placing of the dividing line between ““ sufficiently
mature * and ‘* insufficiently mature.” It may be answered
that capability to germinate can be decided by the germination
test which follows the purity analysis. If so, what is the objec-
tion to leaving in the pure seed husks which are completely
empty (if of the right species), for these will also be shown up by
the germination test, while much labour and frequent disputes
will be avoided. Thus the question 1s not so stupid‘ as at first
appeared. It is of importance because, while purity 1s estl-
mated by weight, germination is estimated by numb[ﬂr' ’_I‘hc
retention or rejection of a few empty husks therefore, 10 weigh-
Ing the pure seed fraction, makes relatively little difference
since the husk weighs much less than the full seed (about one-
fifth as much in, say, ryegrass or cocksfoot), but in the germina

tion test the same few husks will make a p‘rﬂpﬂrtiﬂnﬂtﬂlY I];“}C
Breater difference to the percentage, one in each hundred bemng

! per cent whether light or heavy. In the specific instance {ff

Perennial ryegrass, one empty husk per hundred ° s€€
E
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will affect the purity test to the extent of 0-2 per cent, and the
germination test to the tune of 1-0 per cent.

In practice both systems are in operation; that which treats
empty husks, if of the right species, as ““ pure seed ”’ is known
as the ¢ Irish method,” and the alternative, under which empty
husk of all kinds is relegated to ‘‘ inert matter,” as the ** Con-
tinental method.” The International Seed-Testing Association
recognizes the latter as standard.

In legumes and other huskless seeds the chief difficulty arises
among cracked and broken grains. To crack a seed or even
to break a piece off it does not kill it. Placed on the germinator
or in the soil such a seed will make an attempt to produce a
seedling. The criterion of germinability is agreed to be the
capacity to produce a healthy seedling, and a further convention
defines the minimum requirements for the constitution of a
healthy seedling. In the purity analysis, seeds that are broken
or injured to an extent rendering them incapable of producing
a healthy seedling when sown under optimum conditions are
?ejected as inert. The analyst then is left to judge whether any
individual injury is sufficiently grave to occasion such failure.
It will be seen from Fig. 2 that in clover seeds the most exposed
and thus most vulnerable part of the seed is the radicle. In
germination the first visible growth is extrusion of the radicle, and

theconventional (and,in general, sound) viewis that if the radicle
dﬁvelnp_s thr:a plumule can be counted upon to follow, so that n
a germination test the production of the root only is taken as
guarantecing capacity to produce a seedling. By reason, 1no
doubt, of this position of importance assumed by (or imposed
upon) the radicle, and because the active growing centre of

that organ is very near the tip, it was for long believed that

mnjury to the radicle tip was a v
seeds in which the ery grave form of damage, and

: noses ° were broken were automatically
(4 4 .
:ﬁj:gﬁi CE’: ﬁmk?n seed., " 1e. broken to an extent rendering
true hﬂwpa ? 2 Seefﬂmg production, This is not strictly
gen;:'linatﬂiwrli cxperiments have shown that both on the
e ::rlen lii:}}lmasml, :Sgﬂdlings having the radicle tips
: ’ consi | i ‘
the tip also missing, erable length of radicle behind

healthy plant. can produce adequate branch roots and 2
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It is clear, too, that in seeds of t‘he legul_ne Oor turnip type,
where the main bulk of the seed consists of thickened cotyledons
the useful post-germination life of which is very brief in an;
event, and which in many instances (€.g. pea) do not even come
above ground, very considerable damage may be sustained by
these seed-leaves without material harm to the seedling. It
becomes plain, then, that the most sensitive area of such seeds
iy that of, and immediately surrounding, the point of union
(or rather, perhaps, common origin) of radicle, plumule, and
cotyledons—that 1s, a small area at the “ north ”” end of the
seed. Even small cracks in this position must be viewed with
suspicion, for a small crack in the testa may indicate actual
breakage of the tissues within, and of course if a piece at the
northern extremity is actually broken away the seed is obviously
useless. Seeds broken internally and finding their way on to
the germinator may cause serious trouble and dispute because
they often extrude their radicle tips in an apparently quite
normal way—being in fact alive although internally dismem-
bered—and if the first count from the germinator is made at an
early stage, they may easily be counted off as good seedlings,
while if they remained another day or two they would expand
sufficiently to exhibit their injuries and would then be rejected
as officially non-germinable. In graminaceous and other
albuminous species the area occupied by the embryo is naturally
the most delicate part, but the shape of most seeds of this type,
and the manner in which the embryo is inserted, combine to
protect the latter, so that in practice embryo damage is un-
common, unless caused by vermin such as mice or insects. . The
most exposed part of the embryo in the graminex is again the
radicle (Fig. 2), but here even more readily than among legumf‘:S
a damaged main root produces secondary lateral roots, ﬂﬂd_lt
will be remembered that under normal conditions of 5(}1%-
moisture the permanent root system in grasses and cereals 1s
adventitious, the primary roots being temporary only.

Immature kernels in grass seeds, particular]y cocksfoot,
Sometimes give a good deal of trouble. It has not been found
Possible to set up a standard criterion by which maturity ¢ai
be measured by inspection. As a guide, it may be poroe: i
mind that the development of endosperm (which can be seen
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by transmitted light or felt by stroking with a thin flexible
iootrument or the finger-nail) does .us.limlly guarantee that
fertilization has taken place, and this 1s of course the first
necessity for viability. Fertilization alone, however, does not
imply capacity to germinate; emb.ryogenenc development is
usually accompanied more or less parallel by endosperm
accumulation, and so in practice the size allfi form of the endp-
sperm mass is used as a gauge of maturity. It appears in
transmitted light as a translucent yellowish th‘llY-IDDklI’Ilg
streak, making its appearance first at the base of the kernel 1n
the region of the embryo, later extending upwards tF}u'arcls the
tip of the grain before expanding to any great extent in breadth.
Eventually of course it appears to occupy the whole grain a.nfd
does in fact nearly do so. Very roughly speaking a kernel will
generally grow if the endosperm streak is half the length of tl‘le
grain or more and has a width of approximately one-seventh its
length, but it must be emphasized that this is only an approxi-
mate guide and cannot be applied by rule of thumb. Com-
parisons with length and breadth of rachilla (p. 87), which
are tempting, are of no value; they do not show any constant
relation.

Special provision is made in British seeds regulations for
immature seeds in carrot. It is quite common to find 8 or
10 per cent of under-developed individuals in this species,
most of them much smaller than the normal mature seed,
but resisting removal during machining on account of the
rough spinous nature of the seed.

Seed damaged by vermin is commonly useless. The follow-
ing notes will be generally useful :

The embryo of a cereal grain attracts mice, which eat it out
with the most admirable precision and leave a neat conical pile
without materially marauding the endosperm. Insect larvee
more often tunnel in the flesh of the cotyledons in ex-albumin-
ous seeds, and while a little damage here is not dangerous, the
tunnels very often reach into the northern danger-zone ; indeed,
a seed that only shows to outward appearance a minute round
hole in the side or even only a small circular light-coloured area

in the skin (weevilled pea) may be found almost wholly hollow
within. Mites are very common in old seed of cruciferous crops,

but are not usually parasitic, Badly stored seeds of many kinds
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are attacked by weevils (Bruchus ct al.). Wheat and some

are subject to eelworm attack (7ylenchus son.). and Je ri?ssﬂs
affected have a twisted and shrunken appéarance usuﬂ ﬁn
associated with an irregular brown discoloration. In whaea}{g

these two characteristics are indicated in the
- opular na
““ ear cockles ”’ and *‘ burnt corn.” POp mes

Grass seeds are reasonably free from insect parasites,with the
exception of meadow foxtail (Alopecurus pratensis), which suffers
dreadfully from the attentions of several species of gall midge
(Oligotrophus, Contarinia). These lay eggs in the flower at the
time of pollination and the larv feed on and completely destroy
the developing kernel. The threshed seed is then either quite

empty or occupied by the midge pupa instead of a grain. The
insects are often themselves parasitized by an Ichneumon, but too

late to save the seed. Samples may contain up to go per cent
of worthless seed. Fortunately, from this point of view, foxtail

seed is used very little in the United Kingdom; its price per
germinable seed is, naturally, very high.

TECHNIQUE OF THE PURITY TEST. I. Sampling. The analysis
of a sample of small seeds is a slow process, every particle in it
having to be examined. Hence samples must be small,
though a single sample may have to represent a shipment of
some tons of seed. Obviously, therefore, sampling 1s a factor
of the very highest importance in the complete assay, for clearly
if a sample is not representative it is worse than useless. A
parcel of seed is not a homogeneous mass, and it is not practic-
able to mix it so thoroughly that any portion taken at random
will be of a constitution exactly similar to that of the mass as a
whole. For this reason a number of proportions must be taken
from various parts of the bulk and be mixed. Itis then possible
to remix this small amount to a somewhat more uniform con-
dition and it may then be reduced further by again drawmg
similar sub-samples from various parts of it. Essentially, this
applies as well to the analytical sample used in the laboratcfry
as to the bulk sample drawn in the warehouse, and in practice
some variant of the same samp]ing method 1s used for bﬂth,
though the detail of technique may differ. .

In Warehouse Sampling it would obviously be most convenient
f‘:fr commerce if a single sample might be used to I‘ﬂpl‘.ESEﬂt any
gven bulk, but it is generally regarded as more difficult to
draw a truly representative single sample from a large bulk
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than from a small one. Hence under International rules the
ereatest amount for which one sample 1s regarded as sufficient
is 100 bags. Frequently, however, larger amounts are shipped
upon the authority of a single sample, when the deal 1s not
officially controlled, and it must be said that modern mixing
machinery is remarkably efficient and serious discrepancies in

wholesale shipments are much less frequent than might be
supposed.

When seed is passing through cleaning machinery it is
sampled by taking small portions at regular intervals from the
final delivery stream. When it is a bulk heap, portions are
taken from numerous points distributed over all parts of the
heap. When it is in bags, portions are taken from each
bag if there are few, or from one bag in so many if they
are numerous. Portions should be taken from the top,
middle, and bottom of each bag sampled, since small seeds
among larger ones may shake down and gather in the lower
part of the bag. In any given instance the samples so drawn
are remixed thoroughly and a smaller sample taken from the
mixture. The final size of sample submitted to the analyst
varies from % oz. of the smallest seeds, or 2 oz. for seeds of
average size like cocksfoot or timothy, up to 8 oz. for very large
seeds such as beans. Instruments for drawing samples from

bags are available: the most generally satisfactory is the

 walking-stick ” type, which samples the bag at all depths
mmulta.nanusly.

With regard to Laboratory

: Sampling, even the weights men-
tioned above are ping, 8

‘ too great for an analyst to examine minutely
4% @ Toutine practice, so that when he receives the warehouse

sample it is his first business to draw from it a smaller analytical

sample. Various methods are employed for this process, but
always the first essential is

: 10 mix the bulk sample thoroughly.
31}1: ?:Fu}]; dm}*;e by turning the seed over andp{:-vﬂr by means
0 P oF DY repeatedly pouring it in thin layers from a

pél over such an area of the table that each scoopful will
Ezﬂvzrgﬂize;aé *uberimposed layers, The djvision may then

P Ve ; k contrivance, of which there
aki : :
o e et D i o
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sharp-edged spoon for the purpose :

; ' ; or by ““ repeated division,”
The last named, while laborious, is generally found the most

satisfactory method and is widely used. The mixed bulk
sample is poured in a heap on a smooth table and by means of
a flat straight-edged spatula divided into approximately equal
halves. Each half is re-halved, each quarter again halved and
so on until, say, thirty-two small, nearly equal heaps are
obtained. Every alternate heap is discarded, the remainder
remixed and the process repeated until a final sample of about
the size required is obtained. The whole of this may then be
weighed and analysed or it may be adjusted by adding or
extracting small pinches of seed until an exact predetermined
weight 1s obtained. This process can be  mechanized *’ by
the use of a sampling grid constructed of light material that is
used by spreading the seed in an even layer on a tray into which
the grid exactly fits, laying the grid open side downwards on
it, placing a similar tray on top, inverting the whole and
picking up the grid, which automatically removes one-half of
the sample 1n fifty small uniformly distributed portions, every
alternate square of the grid being provided with a bottom.
This has the advantages of quickness, even distribution of the
removed portions, and ease of making a large number of sub-
divisions. Samples are always drawn in duplicate and the
results of two duplicates after analysis are averaged.

2. Analysis. The weighed analytical sample is transferred
to a smooth table or glass plate and examined particle by
particle, a few grains at a time being drawn from the heap by
means of a knife or spatula and separated into * pure”
and * impurity  piles. The impurity is then re-examined and
divided into its grades. With practice most purity analyses can
be made with only occasional use of a lens. The use of a lens
is undesirable if it can reasonably be avoided, tempting though
lenses are, Magnification is necessary, however, fﬂl‘_ such
Purposes as scrutiny of small cracks and the identification of
tiny weed seeds. 5

Examination of grass seeds for presence and condition of
kernﬂl may be made either by feel or by sight. In feeling, one
seed at a time is held by forceps or finger and stroked very lightly
from hase to tip with a thin flexible blade of steel, horn, or



60 Farm and Garden Seeds

bone, or with long finger-nail. Proficiency requires much
practice, especially 1n handling s_pecies with' hard husks, and
great care must always be exercised to avoid damage to the
kernel by squeezing, cutting, or abrasion. A better method is
by means of a diaphanoscope, a satisfactory form of which is
shown in Fig. 6. A beam of light is passed through a glass
plate across which the seeds are passed under scrutiny from a
low angle. The kernels can actually be seen by this method,
and of course in doubtful instances stroking may be employed
to assist sight. This processis easy in such instances as ryegrass
when the seed lies on its back, but in types like cockstoot, keeled
and lying on their sides, it may be difficult enough. Trouble
may often be saved by blowing the sample before examining it
for kernel. There are several ways of doing this. The drofter
truge has already been mentioned. A method requiring less
knack but more apparatus is the Dutch system employing a
controlled vertical blast of air in a metal tube closed top and
bottom by a piece of stretched muslin (organdie) through
which the air can pass but the seeds cannot, and partially closed
at two intervals by sloping metal baffle plates reaching some-
what more than half across the tube (Fig. 6). These plates
retain any seeds falling upon them. The seed being placed on
the lowest muslin and the air blast being adjusted to suit the
nature of the sample, the latter is sorted into three grades, the
full hea’vy seed remaining on the lower muslin, the light empty
sbeed being blown t:::.the top and falling back on the upper metal

affle, and the middle baffle, collecting seed of moderate
we1gh.t which will consist chiefly of seeds with kernels but may
f;nntliimda: tew empty husks. The checking over of these grades

n the diaphanoscope is then a relatively rapid job.

1 Dodder i.n clinver or timothy may be sought by a spatula and
ens l;xammatmn on the table, but as the whole warehouse
sample has usually to be examined for this

method is terribly slow and laborious.

" dodder machine ” wh; ‘
ling endless band of 1:1, ich feeds the sced slowly on to a travel

: ck velvet, in a la d thick, and
asses it : ) yer one seed thiCk,
Eakes abn?l?ierh?rgxi‘d; cading lens for review. This method
. D I - " .
(Fig. 5). the time used in a * hand ** examination

parasite such 2
It is better done on 4
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The vafrinus ir_npu_ritie§ or grades of impurities being separ-
ated, their constitution, identity of weed seeds, nature of inert
matter, etc., are noted, and they are weighed on an ordina
chemical bal:::u}c'c or on one of the balances specially designed
for quick wclgh'mg of smq.l] quantities (Fig. 8). As a check,
the pure seed 1s also weighed. Percentage proportions are
then calculated.

It will be realized that great care and accuracy are required
both in analysis and weighing, when it is remembered that
in calculating percentage any error is multiplied by 50 in the
common instances in which a two-gramme analytical sample is
used, by 100 if only one gramme is taken, and by 400 in such
a case as Agrostis, of which a quarter of a gramme is analysed.
Trouble may occasionally be experienced, even through the
slight gain or loss of water vapour in a grass seed sample,
during the process of analysis.

3. Weight. It has been shown in an earlier section that the
weight of a seed may easily be given too much importance.
Nevertheless, it is often desirable to know for purposes of com-
parison (a) the actual weight of an average grain in a sample,
or (b) the weight of a unit volume of the sample in the mass.
The former is usually expressed as the weight of a hundred
grains for large seeds or of a thousand (= “ thousand weight 7
or “M weight ) for small seeds, because the tiny fr_a«:)na::m1
required to express the weight of one individual ‘‘ pickle”
would be inconvenient. Ten, or sometimes five, lots of 100
(or a multiple of 100) seeds are counted at random from the
pure seed, the lots weighed and the weights averagcd. Il‘l:l-
portance is attached to these ‘ absolute ™ weights 1 certain
crops, of which flax is an example. _ .

Bushel weight, or the weight in pounds of an imperial bushel,
is chiefly quoted in connexion with cereals and grasses. In ;h?
warehouse this figure is obtained by filling an Ef.ctua.l bus lf
measure and weighing it. This is done several times amu:il1 the
weights averaged. The seed analyst in the laboratory, 0\'14-\:-
ever, having only a small hand sample upon which to lw?l":‘
obviously cannot do this. He uses a chondrometer. Th1_s 15 ;
balance resembling the ““ Westphal ™ instrument, haﬂf‘:f
graduated beam balanced on a knife edge, carrymng & shding
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" rider ” weight at one end, and furnished at the oth
hook from which is hung a metal bucket filled with the seed
under test. The bucket is an aliquot part of an imperial bushe]
(commonly half a pint). The graduation of the beam is
arranged 1n relation to the bucket capacity so that when the
latter is filled level and the rider adjusted to balance the beam,
the weight per bushel may be read off directly (Fig. 5).

The chondrometer is liable to considerable errors if not care.
fully used. It is easy to leave less or more seed in the bucket,
when the top is struck off level, by heavy and quick, or light and
slow, use of the cursor (the straight-edge with which the levelling
offis done). Variations may easily occur even when the bushel

itself is used, but with the chondrometer any error in filling is
naturally multiplied in the reading.

4. Moisture. Tt will be understood from the discussion in the
preceding section of this book that moisture content is an

Important consideration, especially if the seed is to be stored or
transported. The common method of estimating moisture 1s

that in general use in chemical laboratories, namely, by drying

a weighed quantity of the sample in a steam oven at a tem-
perature of about g8° C

re-wfveighing. Seeds that are alive at the outset do not dry
easily, and by this meth

od the sample may have to remain
two days in the oven. Ap objection to protracted heating is
the danger of re-gain in weight by oxidation of the oils which
Most seeds contain in some degree. Grinding the seed before
heating does not seem to hasten matters much and probably
somewhat augments the danger of oxidation. Drying can be
ach1e1:ff:d more expeditiﬂusly and satisfactorily by the use of an
nd thermnstatically controlled oven by the

Testi i under the ryles of the International Seed-
¢sting  Association, which stipulate that the test sample

shm:id be placed in a cgo] oven and heated, and then kept at
103° C. for five hours, Weighing is best performed in an air-

tight vessel, since dried :
; ccially of gr -absorbs
moisture from the ajp 2 e

' cal eas - the
weight of the sample, sfeat ease and speed, and

if 0O En’ . < 'lﬁ
actually on the balance. Pen, may gain materially whi

Portions of .
1 about 2 grammes in
weight (about one-fourteenth ounce) ;

are generally used, and

er with a

method laid down
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the estimation 18 made in duplica .
: ; | T [
sgmples zn{ended Jor moisture estimations should be g:mpm"tant_ th?‘t
tight containers. ansmulted in air-
5. D:t.raam. The analyst should be able to
inspection the diseases that commonl
' o1l s Y OCcur a ’
seeds which exhibit external “ symptoms.” maﬂilimmf:rmal
: on insect
pests have been I}Gted on p. 57. The more frequent fungoid
diseases are mentioned below, under their appropriate hﬂsf 1
S ;

recognize by

CEeEREALS. Bunt, caused et :

wheat. The grain bemmesb intt?:el?nﬁ%isd ?Hﬂtm apused
$? bmr_zciqum',” reproductive bodies of the le?na Sﬂm}i" T
remains intact unless mechanically broken ar%:lls th gt
shorter and rounder in shape than the normal w iy
Bunt spores are globul i v

P g ar, nearly black in colour and easil
recognized among spores of their type by their large :i /
(diameter g5 mm.) and by the strong network of rid Es 'zﬁ

wl‘ls‘lchrthey ar%‘ covered (Fig. 10). i

muts may affect wheat, barley, or oats (and ra

pausal fungi of most of them é{*c 5pﬂcies(uf thit’:z{;l; gﬁgt.iv;‘}:}ﬁf
the bunt fungus. In some instances the spores are liberated
from the destroyed floret in which they are formed and dis-
persed among healthy seeds. They may then be found distri-
buted generally over the grains, accumulating in the groove and
among the apical hairs of wheat, and in the folds and furrows
of the glumes of oats or barley. If they are plentiful they may
be detected by the eye, unaided or with a lens. If few they are
best collected by moistening the seed with alcohol in a watch-
glass and adding water. The mixing of alcohol and water
Sets up convection currents, which dislodge the spores. The
washings may then be examined microscopically. Smut
spores are similar in structure to those of bunt, but smaller and
Elthﬂl‘ smooth or slightly roughened, not netted. Their size and
egree of roughness help mycologists to differentiate the species.
Certain of the smut cﬁseas&s (e.g. loose smut of wheat) are not
externally visible either as spores or by other characters on the
%ram, but the fungus may be present inside the cells of the kernel.

hese obviously cannot be detected during ordinary analysis.
C‘!In' the disease known as ergot, the fungus (a species of
* aviceps) replaces the kernel by a solid mass of its own vegetative
tifja‘llﬂ, made up of tightly interwoven threads. On the outside
is mass, or sclerotium, is chocolate or purplish or grey-black In
colour, and inside, if broken across, is E::und to be faintly violet
:l?;‘ nearly white. The sclerotium is usually sausage- or horn-
fﬂped and is larger than the grain it replaces. Ergot may
often be met with in samples of rye, especially of northern
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European origin, less commonly among other cereals. In grain
intended for human or stock food it is an Important impurity in
view of its capacity, if eaten, to induce abortion in females,
Fortunatelyitis seldom present in home-produced cereals in more
than a trace by weight and as a field d

1sease it also does litle
harm in this country. Forms of ergot with smaller sclerotia are
common on wild grasses (see below).

GRAsses.  Ergot is the only disease the analyst usually meets in
grass seed samples. Wild grasses are ver - commonly affected,
particularly Yorkshire fog. The sclerotia of Yorkshire fog
¢rgot may be found in many clover and grass species, the host
having been growing as a weed in the seed crop. Sclerotia
belonging to the cultivated crop itself may be found in ryegrass,
cockstfoot, and more rarely other species. They are much
smaller than, but similar in appearance to, the sclerotia of cereal
ergot and it is possible to mistake them for mouse excreta,
Their appearance when broken across distinguishes them.
The disease is not serious in United Kingdom crops.

CLoVERs. Ergot may be found, as noted above, it having

developed on grasses among the clover seed erop. It does not
attack clovers themselves.

Clover sickness in its commonest form is caused by the fungus
Sclerotinia trifoliorum, and the sclerotia of this may occur in red
clover samples. It is rare in other clover if of British origin.
Such sclerotia are black or nearly so in colour and irregular in
outline with a flattish Cross-section. .

CELERY. The so-called Rust or leaf-spot disease of celery is

carried by the seed. Close examination is required to detect
1t, a high-power lens or binocular microscope being used. The
fruit bodies of t

] he fungus responsible (Septoria apii) appear as
minute black dots on the surface of the seed. .

A number of seed-borne diseases are detectable during the
germination test, though

] not visible during purity analysis.
In such instances the 1dentification usually depends upon the
production of fungus spores, induced by the warm moist con-
ditions of the germinator. The following are of reasonably
frequent occurrence.

MANGDLD_S AND BEET. Phoma disease or ¢ blackleg *’ causes the
young seedlings during the germination test to sicken and be-
come discoloured with a tendency to collapse. Spores of the
fungus, aggreigat_ﬂd In_tiny, sticky, finger-like tendrils, are
exuded from fruit

: bﬂd}'.f:s In the diseased tissues and may be
observed by Microscopic examination.
Peas.  Spot disease, caused b

Oy the fungus Ascochyta pisi, gives
Spots, which may
fruitin bﬂdlﬂse,
: ores identifiable

under the microscope, P
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OaT1s AND BarrLey. Leaf-stripe disease, carried on the seed,
may be betrayed by mould developing in the germinator, rarely
bearing large multi-celled spores typical of the two species of
Helminthosporium concerned.

Frax. The cotyledons of flax sometimes develop brown
diseased spots caused by invasion of the fungus Colletotrichum
lini, responsible for the disease called ™ seedling blight.”

Posonous Funct. The poisonous nature of ergot has been
noted. Poisonous internal fungi are carried by darnel grass
(Lolium temulentum), which very rarely occurs in samples from
this country, but may be met with in imported cereals. An
important instance that deserves special mention is that of the
poisonous fungus Gibberella Saubinetii which attacks barley,
causing * footrot ”” and ear blight. Cases of poisoning in pigs
fed upon barley meal made from infected grain have been
recorded, and if barley likely to be used for feeding goes mouldy
in the germinator and is suspected it should be submitted to a

pathologist for examination.

In germinating seeds in husk, such as grasses, it should be
borne in mind that the husk is dead. Saprophytic fungl may
very well develop upon such dead envelopes, and mould
appear. Penicillium, Aspergillus, Mucor, and many others may
occur in this way. Care should be exercised not to confuse
<uch mouldiness with parasitic infection—a fungus is not para-
sitic until it attacks and injures the lLong kernel. It wi.ll'be
noticed in practice that seeds  that do contain a living
kernel have not usually much tendency to go mouldy in a clean
germinator, in spite of their dead husks. Among huskless
seeds, onion is particularly subject to profuse development of
mould.

6 Provenance. It is often of importance 10 know the country
of origin of a stock of seed, for strains of the same SPECICES grown
i1 different areas frequently differ in their agricultural char-
acteristics, and may be specially suitable, or un_sultable, for
the purpose of the purchaser. The objective evidence upon
which the analyst must base his opinion obviously falls under
two heads, namely, the qualities of the seed itsell’ and
the kind of impurities 1t contains. In general, the latteris the
more useful as offering more SCOpC for variation and character-
iyation, Numerous workers have investigated'this field during
the past three decades and the analyses arrived at tend to
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become more and more mathematical and Jess and less bo.
logical. This is natural, in view of the constant and incrcasing
International traffic in seeds, which must have g unifying effect
upon such critiera as weed floras.

No attempt is made here to give detailed instructions for
determining Proveénance, but simply an account of the methods
¢mployed and of the data to be sought.

must be emphasized that only in the rarest instances are single

An opinion must usually be
formed upon an accumulation of data.

As regards the seed 1tself—size (and weight), colour, uniformity
of ripening, and sometimes germinability are useful indicators.
Among red clovers, for Instance, produce from warm southern
counties is ““ bolder “—i.e. larger, fuller—than that from more
northerly latitudes. Italian and Chilean are among the large
type. The same pair are in the bulk yellower than, say, Eng-
lish or North American seeds. The English climate is not
well adapted to the production of plump, evenly ripened seed,

clover commonly contains a
often of shrivelled grains than

American, and frequently a
I capsules.

City is of course affected by so many factors
: _ Hntrustwnrthy character for diagnosis, but
taken with other Indications it may be confirmatory. In most

» French Italiap yegrass will be expected
Mination figure than British.
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are: the frequency of wild carrot (Daucus carota) in French red
clover, of cut-leaved cranesbill (Geranium dissectum) in English,
and of dodder 1n, say, Italian and Chilean.

Latterly, attention has been directed to the value of certain
combinations of weed seeds and of the proportion in which they
occur rather than to diagnostic value of the species in themselves.
In this connexion it is of interest to mention that in an examina-
tion of 6,500 samples of English red clover at Cambridge, the
<even most common weed seeds, in the order of frequency, were
found to be: ribgrass, cut-leaved cranesbill, curled dock
(Rumex crispus), white cockle (Lychnis alba), dove’s foot or soft
cranesbill (Geranium molle), field madder (Sherardia arvensis),
self-heal (Prunella vulgaris).

Occasionally the occurrence of disease may be a useful guide
to origin, but more usually as indicating countries in which a
sample was not grown (where the disease in question does not
occur) than one in which it did originate, for there are few
diseases that appear in one country only.

There are possibilities in the © suction force >’ exhibited by
different strains of a given species, that 1s, the speed with which
they will absorb water from a solution (such as sugar Syrup),
but this has not yet been sufficiently explored. |

THE GERMINATION TEST. Any attempt to define categorically
the purpose of a germination test founders at once on the
bicuspid rock whose crests are husbandman and merchant.
It may suffice for our purpose to say that the accepted D]?.]ECt
of the laboratory test made upon an artificial substratum 1s to
determine what percentage proportion Dby number of thg
“ pure seeds > as isolated 1in the purity test are Fﬂpablﬂ of
producing healthy seedlings when sown under optimum con-
ditions. This immediately raises the question, Wh_at 15 a
healthy seedling? The generally accepted deﬁn1t10n - t.hat =
healthy seedling must pOSSEss d healthy root with 100t hmfsl, gn
intact plumular bud, and at least one healthy cotyledon. It will be

noted that in the huge group of plants called monocotyledons,

"aC] d cereals, onions, leeks, and: a
embracing all the grasses and €€ i

number of ornamental species, one c.utylednn 1 e
can be expected to have, for one is the whole comp ement !

In routine testing it is generally assumed that any seed extrud-
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Ing a healthy and hairy root would, if left

bed, develop a satisfactory plumule. Whenever the former
condition is fulfilled, therefore, the seed is usually ** counted off*
and thrown away if the analyst is satisfied that it has had time

enough to manifest any breakages or mechanical Injuries that
may be present.

1. Conditions. We have noted that the factors within artificial
control which induce or influence germination are: moisture,
warmth, oxygen, and light. Any good system of testing must
provide for manipulation of these, and upon the analyst’s

knowledge of requirements in these directions in the species he
s handling depends the value of his results.

on the germinatjop

Moisture.—A steady and sparse supply is usually requisite.
Germination seldom fails through too little water being given,

unless the seed bed and seed are actually allowed to dry right
out. . It may, however, be retarded, and this in turn may lead
to other difficulties. Broadly speaking, a seed should be kept
supplied with about 50-60 per cent of its total water-holding
capacity, Soaking before placing in the germinator Is an
advantage in certain instances, but in others it has been found a
a disadvantagc. For most ordinary agricultural seeds it

1S not required nor desirable, though it is sometimes of
benefit to mangolds. Where pre-soaking is resorted to
very little further water

| is supplied after ““sowing” in the
germinator. Certain species, of which cocksfoot is an example,
Seém particularly sensitiv

€ to over-doses of water in the ger-
minator and r

“sentswamping. The kind of water used generally
depends upon

i the nature of supply available, Rain-water
is said to be best, but its use is impracticable in most laboratories.

Distilled water is definitely not desirable, being unaerated.
There seems to be little d

ifference in results as between soft and

reasonably hard waters. Extremely hard water is probably
best avoided. Cleanness and adequate freedom from bacterial
or fungoid contamination are of course essential. A change to
fresh water is desirable during the course of incubation upon
any type of germinator that has
Temperature,—With;

4l numbers germinating, but
a fairly narrow optimum range
S business to obtain from 100 seeds
seedlings that he can obtain by fair

€ach species, as far as he can, with its
: = T'he large bulk of farm and garden seeds
airly satisfactorily at tem

Peratures around 22° C.

P

. S Oost species have
and since it is the analyst’

the greatest number 0
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FIG. 10.—Cereals. A—YYheat. @, grain;
hairs; d, cross section through testa; s, starch.
base of Goldthorpe typeé;

a, grain; b, base of Chevalier type; &
d, cross section through testa; S, starch.
d, cross section through testa; s

C—Qat, a, common oat; b, Avena sterilis;
starch.

D —Rye. a, grain; s, starch.
bryo, central floury, and

b, longitudinal section showing em
outer horny endosperm; s starch.

E—Maize. a, grain;



FIG. 11.—Roots and Vegetables, A
B-—White mustard. C—Black must
left, natural: right, rubbed. G-—p

arsnip. H-—Celery. |- Beet. J-—Spinach.
K—Onion, leek,

Brassica of turnip and cabbage type.
ard. D-—Radish. EP—Cress. F—Carrot :



Seed Testing 69

(= I é“ I'.),and in a s:s:f:d-testing station a number of incubators
are” always run at this temperature. Most species will stand
higher temperatures under necessity, and a few are actuall
benefited by alteration between this and 30° C. (= 86° F.)
Instances are to be found in mangolds, cocksfoot, and {:arr::‘:.tt‘
Frosted seed or seed affected by delayed germinaicinn (see pp:
? and 10) should be tested at still lower temperatures. When
easible, seeds so affected will usually germinate satisfactorily
after being ¢ chilled ” for two days at 5° C. (= 41° F.) and
then brought back to room temperature.

Oxygen 1s plentiful in the atmosphere and is also supplied 1n
solution in ordinary tap-water. Seed set to germinate must be
?entﬂated, but it must be ventilated without draughts. This is
important. The effect of a draught on a moist seed is to lower
its temperature materially, and although this will not usually
kill it, it will often prevent its germination within the period al-
lowed for the test and it is then reckoned ™ dead.” Supplying
additional oxygen is no advantage—there 1s plenty in ordinary
air and water.

Light.—Most seeds are germinated in diffused light as a matter
of convenience, and most common SOrts will grow as far as 1s
required for the purpose of a test either in light or darkness.
There are, however, instances in which light appears definitely
beneficial, and others in which it prevents germination. FPoa
(meadow grasses) and Agrostis (bent), particularly if freshly
harvested, are apparently helped by direct sunlight; ryegrasses
germinate better in diffused light than in the dark, but less
well in direct sunlight; JNemophila will only germinate in the
dark: celery-leaved buttercup only in light.

There seems to be little practical difference in value for
ordinary routine Purposes between light of different colours,
the seedlings not being llowed to develop far enough to require
chlorophyll, but germinators are occasionally glazed with blue
(cobalt) glass as a deterrent to moulds and bacteria.

Duration of Test.—Conventional periods are agreed on for full
germination tests on the various species and these are I}ﬂtﬂd n
the table on pp. 142-144. In most instances these periods are
somewhat longer than they really need be for practical purposes,
The distinction between so-called germination capacty and
germination energy is important. The capacity figure indicates
the total number per cent of the seeds that have grown within
the full conventional test period for the species; the energy
figure the proportion that germinattd quchc.{y——that 1, _W1th1.n
a much shorter, stated period. The capacity figure is in uni-
versal use for the purpose of declaration and guarantec. For
commercial use this is the better ficure of the two, but as an
indication, to the husbandman, of the sowing value of the
sample, the energy figure 1s generally to be preferred, for a

F
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sample that grows quickly grows vigorously and should give a
better crop of seedlings in the field than a slnwer-gmwin
sample of the same total germination capacity. Cmnmc_lnra}}}c
care 1s necessary, however, in judging the potential germination
strength from the rapidity of growth. Freshly-harvested seeds
of many kinds often grow very slowly and irregularly under
standard testing conditions, and even after the seed has been
subjected to appropriate temperature adjustments, the initial
counts may be low and quite misleading from an energy point
of view. Seed that has been dressed with mercuric dust,
particularly when the dust has been applied too heavily or to
out-of-condition grain, may also be considerably slower in
starting growth. Although the germination capacity has not

been impaired the energy figure has lost any use as a guiding
factor.

2. Apparatus. Germinators are referable to two main
groups—those in which water supply is automatic and those
in which water must be supplied to the seed beds by hand.
The latter are evidently capable of greater response to personal
skill and judgment, but the former, once calibrated, are subject
to less personal errors and are much less laborious to operate.
The most prominent forms in use at present are noted below,

and shown in Fig. 7. The species for which they are principally
employed are listed in the table on PP. 142-144.

Jacobsen.—A tank of water is kept at an even temperature by
thermostatically controlled gas or electric heat. Glass strips

placed across the tank carry filter-paper or blotting-paper pads,
kept moist by a filter-paper strip or cotton wick dipping into
the water below. Seeds are sown on the pads and covered by

small ventilated bell-jars, Water supply is automatic and con-

tmllecil by size of wick or wick-strip and by distance from water
to pad.

Cabinets of various types. ‘The usual principle is that of the
¢gg incubator. The cabinet is Jacketed with water, and gas or
electric heat is controlled by a capsule or bimetallic thermostat.

Seeds may be sown (a) on filter-pa ers placed i etri dishes,
(b) between sheets of filter-paper 12:15) P n g

upon or bet folds of
flannel, or (¢) in dishes of sand or soil ¥ e 0

‘ . Wat t be
given by hand from a wash-bot]e ater supply mus

. Jet or preferably from a spray.

Whole rooms may he rigged as incubag?jrs on t]'?is p]‘incipqﬂl Y
Rodewald —A tray of wet sand rests above a tray of water kept
at an even temperature. Porous (unglazed) porcelain dishes or
blocks are firmly bedded on (not in) the sand and seeds are
sown thereon. Water is supplied to the sand by hand, and is
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thence fed sparingly and regularly to the seed by the porous
blocks.

Refrigeralors are occasionally used. They may be jacketed

with circulating cold water, or fitted with baskets for ice, or
cooled by means of liquefied gases. :

TECHNIQUE OF THE GERMINATION TEST, It i1s already under-
stood that germination tests are made only upon *“ pure seed
from the purity analysis. The number of seeds used for the
growth test varies with the species concerned, but the greatest
number found practicable should be used in all instances. The
usual practice in routine work is to * sow *’ either four or five
separate hundreds. The lots of 100 each are counted at ran-
dom from the pure seed and scattered on the chosen seed bed,
adjusted if necessary to an even distribution, care being taken
that no two are in contact. Thus all have equal access to the
water supply and avoidance of contact reduces the possibility
of mould, should it develop, spreading from an injured or dead
seed to a healthy one. The cover appropriate to the method in
use being placed over the seed bed, it should then not be
necessary to touch the test again until the first germination
““ count >’ is made. This may be from two to five or six days
according to the species under test. If water supply is not
automatic, the initial supply given should last the requisite
period up to ** first count.” |

In counting out the hundreds, any tendency to selection of
seed must be rigidly avoided. To this end 1t 1s des:irable not to
heap up the seed in a conical pile, for in such a pile the larger
grains will tend to run down to the outside of the base f]f the
cone and thus enjoy preference over the smaller grains 1n the
mass. Where the sizes of particles are very variable within the
same sample, it assists fairness (o sieve the whole mass over
standard sieves into two, three, or more grades, then count the
total number in each grade and make up each hundred for _th:z
germinator with proportional numbers from cach grade. Thisis
usually done in testing mangolds, with which one may hiWE
““ clusters > about a quarter-inch in diameter and others less
than an eighth-inch in the same sample, with all grades 1n
between. ‘ (oo R

As a check upon the conditions in the germinator1t1s desirable
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to mnsert a test hundred of a * control ** sample of the same
species at the same time as the sample being tested, the trye
germination capacity of this control sample being known from
repeated tests beforehand. Otherwise, in the event of a poor
germination, the analyst cannot be quite certain whether the
sample or the germinator is at fault.

At the expiry of the conventional period for * first count *
the test is inspected and all healthy seedlings conforming to
definition are picked off the seed bed, their number bein g noted,
and discarded. Any individuals of which there is doubt as to
their health or freedom from injury are left on the seed bed
until a subsequent count in order to give time for any disabili-
ties to become more conspicuous. The seeds remaining may
with advantage be transferred to a fresh seed bed. Water is
given if it is needed and the test returned to the germinator.
Two or three times subsequently during the period of test this
operation is repeated, the number of good seedlings being added
to the record each time. At the end of the standard period for
the test a final count is made, and total good seedlings, broken or
diseased seedlings, hard seeds which have not imbibed water
(with legumes), and remaming dead seeds are separately
recorded. The average germination of the various lots then
constitutes the germination performance (capacity) of the
sample. Reasonable latitude must be allowed for ‘ experi-
mental error ” (fortuitous variation) as between hundred and
hundred, but if the variation is abnormally wide, the validity
of the result becomes suspect and the whole test is repeated.

Artificial aids to germination.—It
means "’ may be employed to indu

constitutes fair means.  Fortunately it does not matter much,
smce to induce germination by any means, fair or otherwise,
dgamst nature is extremely difficulf.

In grass seeds the husk delays entry of water and there are a

few instances, of which tall oatgrass (Arrhenatherum avenaceum)

1]; ;_hf: mlmrp.t:uncst, Erhf:re: It 1s usual to * ghel] out the kernel
«l0T€ placing on the germinator, If this has be he

fact is stated on the analyst’ Akl

S report,
Chemicals are generally cl :

assed as unfair and whey
they are not often useful. It h I o

compounds at various times
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Formates and nitrates (us'gally of soda or potash) have been
prominent among such claimants. The advantage of their use

1s very dubious, except perhaps in testing freshly-harvested Poa
and Agrostis, where the use of potassium nitrate may remove
the necessity for direct sunshine.

Methods of combating ‘‘ delayed germination ” have been

discussed (see p. bg). While various explanations have been
offered, it may be that with oats the accumulation of respiratory
carbon dioxide between the husk and the groat has some effect.
Shelling out of the kernel often assists in instances of this kind,
but should not be necessary with proper temperature controls.

Interpretation of Results. Anyone submitting a sample of
seed for official testing in the United Kingdom is informed
upon the following points:

(a) Percentage purity by weight.

(b)) The percentage by weight of weed seeds present,
with the names of the more important of them.

(¢) The percentage by weight of  other useful species
present, with their names.

(d) The nature and percentage by weight of any inert
matter present.

(¢) Attention is drawn to any special features, such as
presence (and amount if present) of dodder, presence .of
any diseases observable by inspection, and, in perennial
ryegrass samples, proportion of awned seed.

(f) Germination energy—i.e. percentage by number of
the * pure seeds ™ germinating in a short (stated) period.

(¢) Germination capacity—i.e. percentage by number of
the “ pure seeds ™ germinating in the standard full period

(not stated) for a germination test on the species concerned.

In addition, information may be given, or will be given if
requested, upon:

(k) The bushel weight of the sample.

(1) The weight per 1,000 seeds.

(j) The percentage moisture content. 1

(k) The number of weed seeds per pound ot: the sample.

(1) The proportion of perennial ryegrass, if present, 1n a
sample of [talian.
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For the merchant the interpretation of sy
relatively simple. He buys and sells up
attributes: purity per cent: germination
bushel weight : possibly freedom from Impurity x; absence of
excessive moisture, or excessive numbers of weed seed y, and
50 on. Only upon such lines could trade he conducted, If
any attempt were made to chain commercial transactions to

guarantees of productivity, the result would certainly be
chaos,

For the husbandman the
really does want to know
the sample. He buys by
do, therefore, is to determ
sample consists of seeds of
To find this he must multi
purity percentage and dj
used to be known as

generally quoted no
If a sample has a pu

ch information .
on specific simple
Per cent; perhaps

matter 1s not nearly so simple. He

what is going to happen when he sows
weight and the first thing for him to
ine what proportion by weight of_the
the right kind and capable of growing.
ply the germination percentage by the
vide the product by 100. This figure
the real value of the sample. It is more
W as the percentage of pure germinating seed.
rity of, say, 98-2 per cent and a germinfa.tmn
of 87 Per cent, the percentage of pure germinating seed w1U be
98-2 X 87 + 100 = 85'4 per cent. When the sample is a
legume containing hard seed it is justifiable for the private

Purpose of this calculation to add the total percentage of hard

If, other legumes Onc-third)
eginning the multiplication.

dman now knows that if the
» SAY, 15, 64, per lb.,

rds him a usefy] means of comparing

He cannot directly compare the sample

nother priced at 1y 6%d. per 1b. and showing a
lower purity (say,

ut a higher germination (say,
93 per cent) ; '
he finds that ¢
in the second.
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that the husbandman intends sowing 4 1b. of the sample per
acre, tl“{c numbr:ar of seeEillngs to be expr:::ted from the two samples
respectively will be in the proportion of 4 x 854 < 100

= 3'42) to 4 X 91 =~ 100 (= 3:64), or approximately the
proportion of 10 to 11,

.The next cﬂnsidtra:tinns 1s speed of germination. Qnick and
vigorous growth durm.g the early life of the seedling means
much to success, especially with root crops, which, during the
seedling stage, are subject to attack by predatory insects.
Moreover, slow germination may indicate old seed, or seed
damaged by frost or for some other reason in bad condition,
and this will imply an unnecessarily great reduction of the
percentage of seedlings when sown in the soil. As previously
pointed out, however (p. 70) slow germination does not
necessarily imply weakness of vitality. Still, as a general rule
high laboratory germination suffers less proportionate reduction
in the field than a low one. This is most marked in flax. The
author’s experience with red and white clovers and with rye-
grasses has been that while a laboratory germination of, say,
about g5 per cent has given a growth in soil of about go, a
laboratory figure of, say, 70 has been represented by perhaps
40 in the field, and laboratory results of 40 or less often produced
a negligible crop of seedlings out of doors. Danish experiments
have found red clover more subject to this augmentation of
discrepancy than grasses or turnips, but even the latter might
give a field braird of only 70-80 per cent when the laboratory
germination was g5-98 per cent. Slow growth in the germinator
is often similarly reflected by low percentages under field
conditions, and it should be borne in mind that poor germina-
tion is not wholly compensated by a proportional .increasc in
rate of seeding. It would therefore be better, in making calcula-
tions_for purposes of comparison like those above, to use the energy
figure for germination rather than the capaclt)’.ﬁgul‘ﬁ- In
doing so, however, it must be remembered that while the com-
parison may be sounder, the total number arrived at per acre
may be much lower than actuality.

It must be emphasized that arithmetical methods of com-
parison such as those demonstrated can only be applied in con-
nexion with reasonably good quality samples. Samples of
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definitely low germination are likf:ly to give wildly erratic and
usually quite uneconomic results in the field. iy ‘

Finally, the nature of the impurity must ‘bE §crut1n}zed. It is
clear that if the bulk of it is inert matter it will do little harm;
the purchaser will merely be paying for something he does not
want. The effect of ‘‘ other useful ” species depends on the
nature and purpose of the sample itself. For example, a few
seeds of alsike in a red clover sample which is probably going to
be sown mixed with alsike and other species, can clearly do no
harm, but ryegrass in a barley sample will behave as, and ought
to be considered a weed. |

A vparticular case arises in connexion with ryegrasses.
Awned seeds are regarded as impurities in analysing a sample
of perennial, while awnless seeds appearing in Italian are
usually included in ““ pure seed ** on the assumption that they
are probably Italian seeds that have lost their awns. In British
produce a considerable proportion of these awnless seeds may
often prove, when grown, to be perennial. The proportion is
sometimes so high as entirely to stultify any attempt to use a
definite proportion of Italian to perennial in a mixture. Since
this proportion is very important in mixture design, farmers
submitting Italian for analysis should ask for an assessment of
perenmial content.

The remaining consideration is the nature of the weed seeds
described as such. In reviewing these it must be borne in
mind that number is what really matters, rather than weight,
and 1f numbers are not stated in the analysis the purchaser
{nust use his knowledge of relative sizes of common weed seeds
In forming a judgment of the degree of harm he is likely to
sustain from those mentioned. This question was referred to
earlier (p. 52) and details are given for a number of species 1n
Chapter IV. ‘ Particular consideration must of course be given
to any p_a.ramtic weeds cited, and to the relative difficulty of
getting rid of the various kinds—perennials being more danger-
ous t}}a.n annuals—and to their habit of flourishing (or not) in
the dl_strit::t_ and soil where the sample will be sown.

La{‘:tude in Tests, Tt is Important to notice that in the nature
f{f t'hmgs, two tests on the same sample very rarely give exactly
similar results. In comparing the result of a check test with
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any statement of figures given with weed, therefore, one must
allow for reasonable variation in either direction. This 1s
recognized by the inclusion of scales of permissible latitude in
ihe seeds regulations of most countries and in the rules of the
International Seed-Testing Association.



Chapter Four

Crop and Weed Seeds

__—___——I-l_-—-——r———.—_-_________ -

ln the following pages are given brief descriptions
and drawings of the most important crop seeds in use in the
United Kingdom and of a selection of the weed seeds most
frequently found in them. It must be emphasized that for
correct identification of weed seeds a collection of authentic
specimens, collected from plants identified while in flower, is
essential.  Such collections are purchasable, but are expensive
and not comprehensive. Serious students should make their
own collections, augmenting them at every available oppor-
tunity from the field and by exchange. Keys for running
down unknown species are of very little use in connexion with
seeds: they cannot be exhaustive and if incomplete may be
very misleading. Keys are not, therefore, here offered. A
very little experience enables the analyst to make a shrewd shot
at the natural order, and frequently at the genus, of an unknown
species. If he is beaten, the official seed-testing station of his
country or district will come to his assistance. If all resources
fail he should sow Specimens and seek identification of the plant
when it flowers, If he has to fall back on this somewhat pro-
tracted course, he should use sterilized soil that has been rested

for three weeks after sterilization, or he may be deceived by
volunteer weeds whose

: . seeds were already present before he
sowed his specimen.
CROP SEEDS
CEREALS
Cereals are grasses and are monocotyledons. Their fruits are
caryopses, consisting of a mass of

: starchy endosperm, supple-
7
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mented by an outer layer of cells containing nitrogenous aleurone
grains and divided from the embryo by a flat shield of tissue, the
scutellum, which acts as an absorbing organ at the time of
gcrmination, the whole enclosed in a skin consisting of the
united ovary wall and true seed coat. The embryo embodies a
primary root and a plumular bud whose leaves are coned one
within another, united by a very short hypocotylary (below
seed leaf) region. The identity of the cotyledon is doubtful.
In germination the first shoot to appear above ground is a
leaf sheath without a blade (the coleoptile). Either this or the
scutellum may represent the cotyledon. Successive rolled
leaves appear each from within the Jast preceding leaf.

wHEAT (Triticum vulgare) (Fig. 10a). Everyone is familiar
with the grain appearance—oval form; whitish, yellowish,
buff, or red-brown colour; grooved face and rounded back,
bearded apex—of our ordinary bread wheats. There are
numerous other species and tribes, some of which are used in the
husbandry of other countries—macaroni wheat will be familiar
in name, if not in appearance, to most readers. Good bread-
making wheats show a flinty texture when the grain is broken
across. _

BARLEY (Hordeum satioum (el vulgare)) (Flg; 10B). Ou:
barleys are generally classed as  six-rowed,” four-rowed,
or  two-rowed.” These descriptions refer to the arrangement
of grains on the central axis of the ear. In each nstance this
axis bears, on opposite sides, alternately placed triplets of nnei
flowered spikelets. In the two-rowed types only the c_en;rat
grain develops in each triplet so that the ripe ear does 1n acu
carry two longitudinal rows of grains. In sm-fﬂwed typtés al
three grains of the triplets ripen and hence SIX longitu mal
rows are borne. In certain of these types, however, the 'laterad
grains of the triplet are twisted away from thie central grz_tln, il; :
the result, looking lengthwise down the ear, 1S tWﬂ'DEP?SI Ea’zublg
of single (central) grains and, decussating thﬂfrﬂ‘-*ﬂt‘,. Wé?’t é
rows of lateral grains. Such are the so-called f:mur-lfﬂ'ge tx?;plei':

In typical six-rowed varieties all three grains o© 1; . Fljets
develop, but are so disposed about the axis that a pair ot trip

viewed 1n plan present six single grains plﬂﬂﬂd at equa
Where all three grains develop the
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twisted in form and their ventral furrow is curved. This
characteristic may be used in estin}ating t‘hc proportions
present in a mixture of the two types: if the twisted grains in a
hundred taken at random are counted and tl:lel.l‘ number
augmented by 50 per cent (since each pair of twisted laterals
would be accompanied by one straight central), the"ﬁgur{:
arrived at will give the percentage of grains from six-row
plants.

Most of our malting barleys are of the two-rowed type and
may be divided into two groups—erect-eared sorts resexn}gllr_q_g
Goldthorpe, and nodding sorts similar to Chevalier. Grains of
the two groups are usually distinguishable by the transverse
furrow at the base of the back (Fig. 108B), and the shorter,
hairier rachilla of the former, as compared with an ungrooved
back and longer, less hairy rachilla in the latter.

Fan or sprat barley (H. zeocriton) is a two-rowed type that
has been used in breeding some of our important modern

varieties. Malting barley should be starchy when fractured,
not flinty as in a hard wheat.

In common barleys the flowering glumes (
adhere firmly to the coat of the caryopsis so that the kernels
do not thresh free as do those of wheat and rye. The awn,
an extension of the outer flowering glume, is removed by the
thresher (as “ cavings ”*), but its base is visible, broken short,
at the tip of the threshed grain. There are * naked >’ races of
barley in which the grain does thresh free from the chafly

glumes, but these do not appear in commerce in the United
Kingdom.

OATS (Avena sativa ef orientalis)
two types of oat and call th
spectively. Various colour
distinction between the spe

chaffy envelopes)

(Fig. 100). We chiefly use
em common and Tartarian re-
s of husk may be met with; the

Inc cies is that in the common (sativa)
varieties the ear is open and balanced and in Tartar (orientalis)

it is‘cmwded and one-sided. The grains are thinner and
huskier in the latter varieties than in the former.

In oats the ﬂnw‘ering glumes closely invest the kernel, but
do not adhere as in barley. The caryopsis is sparsely hairy.
Awns may be met with on the outer flowering glume, but are
not desirable in g good

sample. Certain species which thresh
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clear of their husk (““naked ” oats) become prominent from
time to time, but have not succeeded in establishing themselves
in favour. They have been used considerably for breeding.
ryYE (Secale cereale) (Fig. 10D). Varieties of rye are few and
grain characters stable. The caryopsis threshes clear of its
flowering glumes and in form resembles wheat more nearly
‘han other cereals. It is proportionately longer and narrower
than most wheats, more pointed at the base and squarer at the
apex. General structure is upon the wheat pattern. Rye is
more subject to ergot infection than other common cereals,
although the amount of ergot present, €ven in commercial
samples, is seldom more than a trace by weight. Rye also
loses its germination capacity more rapidly than other cereals,
and yearling stocks are seldom suitable for seeding purposes.

MAIZE OF INDIAN CORN (Zea mays) (Fig. 10E). Numerous
varieties of maize differing in form and colour of grain are in
1se in other countries. The caryopsis is broader and thicker
at the apex than at the base and the general outline thus
roughly triangular. The close packing of the grains, when
mature, on the central axis of the ¢ cob” makes this fi:.}rm
necessary. Most grains, :¢ cut through, show two distinct
areas in the endosperm, a white floury area in w:hi.c:h the starch
grains are rounded and a dark horny area containing polygonal
starch grains.

GONDITIONS IN CEREAL SAMPLES. Colour, smell, and taste
are important in judging cereals. Bad weather at harvest,
heating in the stack, poor StOrage or the storing of out-of-
condition grain may Cause rapid and serious injury to 'ttic
germination capacity of the seed. A fnouldy smell or visible
mouldy condition indicates dampness 11l _sture. Mululdy _{:[lalrn
is to be avoided, either for feeding or sowing. I'_Iﬂﬂ-tm.g, elther
in the stack or in stored grain, frequently rqsults in an irregular
darkening of the colour natural to the variety. A bllftﬂl‘ }tiiﬂtz
may also develop in the affected grain. Hea‘tcd bu] ks ;Ti;z(e
high initial germination may, in a Cg@paratwe.ly 51;01' et 1;
show a heavy loss not only in germination capacity ;‘t "’1_5 S
the vitality of the grains that still grow. Moreover, eating

often irregular in its action, and part of a lgulkl may lbla;f]:s 1:;1&;
rendered unsafe for seeding purposes. With large bul
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are subsequently split into smaller lotsi, one ‘rccipient of such a
lot may have a failure or partial failure in the field, while
others may obtain a successful plant. It should also be remem-
bered that when heated grain is sown in the field, particularly
when soil or weather conditions are unfavourable, germination
may take place without further development, and even plantlets
that appear above ground may subsequently die off through
weakness, especially should a spell of dry weather succeed
germination.y Sprouting of the grain while in stook, with
subsequent drying and shrivelling of the extended rootlets,
does not in itself kill the seed, and sprouted seed will often grow
again although naturally with less vigour. Since, however, it
reflects bad conditions, sprouted samples are rightly looked on
with suspicion.

WEEDS OF CEREALS. (lereals are necessarily arable crops and
hence carry arable weeds. Some years ago the Official Seed-
Testing Station, Cambridge, determined the weed seed content
of a large number of wheat, oat, and barley samples. The
examination was spread over several years and the samples
were drawn from both farmers and merchants from all parts of
England and Wales. This investigation included 13,400,
17,300, and 8,600 samples of wheat, oats, and barley respec-

tively, and the ten most common weeds in the order of their
OCCUITENCE were :—

Wheat. Cleavers (Galium aparine), black bindweed (Polygonum Con-
voloulus), wild oats (Avena JSatua), curled dock (Rumex crispus), knotgrass
ﬁiz{f{f{;num amcu;arsl), dﬁelc} bmldwcfd (Convolvulus arvensis), couch

ron repens), slender foxtail (A/ ' ripl
patula), charﬁ}ck (Brassica aruamﬁ)( el B e

Oats. Black bindweed, knntgr'ass, cleavers, curled dock, bristle-

pointed oats (Avena strigosa), charlock, orache, ladies t} Pol
Persicaria), wild oats, wild radish (Rhaphanus éh::pfzifs;;;ﬁ)l? g
Barley. Black bindweed, cleavers,

: wild oats, knotgrass, orache,
Eﬁf&)dnck, charlock, field bindweed, wild radish, hair%' vetch (Vieia

In cansidex:ing these lists it should be borne in mind that
they are national and not local and also

commercial lots of cereals
except for an occasional see

that well-cleaned
are practically free of weed seeds
d or fruit of the larger species.
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ROOT AND VEGETABLE CROPS

GRUCIFERZE. This natural order embraces those crops and
weeds whose flowers have four petals, the upper parts of which
are arranged in a cross, like wallflowers. It includes all the cab-
bage tribe and turnip, rapes, and mustards. Brassica spp.

GOMMON TURNIP (B. rapa). SWEDE TURNIP (B. bapobrassica
(Fig. 114). The seeds of these species are nearly globular
-nd the testa, under magnification, is seen to be netted over
very finely with “thimble markings.”” Colours vary from a
dull smoky purple or grey-black to red-brown. Seeds of the
two species are closely similar and individuals cannot be distin-
guished. The testa does not respond to the chloral hydrate
colour test (see Charlock, p. 103), nor does it react positively to
Finlayson’s polariscope test (see Cabbage, below).

Turnip samples are usually of very high purity and seldom
contain weed seeds, but a sharp look-out must be kept for
brown mustard which, if present, may be in considerable quantity.
A more dangerous impurity, which cannot be dﬂtﬂﬂtﬁd*b}’
analysis, is seed resulting from crossing by rape or other crucifer
(see p. 2). Old seed reddens. ‘

GABBAGES (B. oleracea). 'This group includes drum_heads
(B. oleracea, var. capilata), savoys (var. bullala), broccoli and
cauliflower (var. botrytis), kale (var. acephala), brussels *:apmuts
(var. gemmifera), and the turnip-like form kﬂl}l-rabl (}ralr.
caulo-rapa). Their seeds are globular, averaging 2 h}tt ¢
larger than turnip and generally a tone of grey, rather t Imn
purple or red, in colour. The thimble marking 13 ﬁv;:)n ﬂS?
distinct than in turnips. Freshly-harvested seed of members Dd
this group is sometimes affected by delayed gcrmlnatmaq:t_a;ls
may prove difficult to germinate under standard condl mt?:
Usually, however, this difficulty can be overcome by testing @
lower temperature than that normally used. S

Samples are usually free from weE:ds, b::lzull{l commo
turnips badly-cracked samples sometimes 0= 2. _

A Eurfa.ceyparing from the testa, exam_mf:d in ﬁurfacz ;f;
betwasn: crossad’ Nicol prisms in a polariscops, » mf"SH 0
anhskdiasab oell.  This:suthe: Risapo fest distinguishing

cabbage. tribe from the turnip group:



84 Farm and Garden Seeds

RAPE (B. napus). There are several types of rape in use
in Europe; their seeds are similar and resemble turnip or
swede seed closely. They do not react to Finlayson’s test,

Rape-kale crosses may occur. They are used as herbage crops,
as, in the United Kingdom, is rape.

BLACK MUSTARD (B. migra), WHITE MUSTARD (B. alba)
(Fig. 118, ¢). These are annuals grown for the manufacture
of table mustard or as green manure. The white type may be
used as salad or as green feed for sheep. The seeds of white
mustard are smooth and globular, about twice the diameter of
turnip, and light yellow, commonly *‘ smeared » with dirty
white. Black mustard seeds are similar in size and shape to

turnip, but are easily distinguished under the lens by the net
markings on the testa, which are much more deeply cut and
obvious. They are reddish-brown in colour.

RADISH (Raphanus sativus) (Fig. 110). These are very large

seeds among crucifers, rather more elongated than globular;
dull and brown in colour.

CRESS (Lepidium sativum) (Fig. 118). Seeds of cress are
elongated, elliptical, not flattened, with a well-defined radicle
at the side running the length of the seed. The colour is bright

red-brown. Newly-harvested seed is often affected by delayed
germination.

HORSERADISH and WATERCRESS are also members of the order
Crucifere.

UMBELLIFERZE. This order includes some important root
crops, a number of species used for flavouring, and a group of
very poisonous weeds. Their “seeds,” typically elongated,

are borne in pairs adhering together until ripe, and commonly

marked by longitudinal ridges and furrows, which may, how-
ever, be obscured by stron

. g flattening of the whole * seed ”’ in
Some species. M:a:n}r species have oil ducts in the furrows between
the ridges, containing strong tasting and smelling essential oil.

CARROT (:D{IH{IH.S‘ carota) (Fig, 11¥). The seed is broadly
elliptical, with four strong longitudinal ridges alternating with
ﬁjﬂ? lower I‘lb-S. The larger ribs bear long spiny processes,
which are mainly removed in cleaning; the minor ribs carry

smaller _brlstlcs. The spnel.l on rubbing or crushing is pleasantly
aromatic. Immature individuals are common



EG- 12.— Grasses, A-—Perennial ryegrass. B—Italian ryegrass. C—Cocksfoot.
C—Timnthy. E- Meadow fescue. "_Sheep's fescue. G- Hard fescue. H—
Lrested dogstail. |—Tall oatgrass. |- Golden oatgrass. K—Meadow foxtail.
B—“Rﬂugh-stalked meadow grass. M- Smooth-stal ed meadow grass. N-—

rown top bent. O, P—Teeth on lateral nerve of inner flowering glume of L

and M respectively.
callus; ', f, empty

a, awn: b, outer; c, inner flowering glumes; d, rachilla; €
glumes.



?F'Iisf.__;lil—rFarq_g“e Legumes and Flax, A— Red clover. B—Alsike clover. C—
White clover. D'—_'S;u.t_:fkllng clover. E—Crimson clover. F—Common trefoil.
G—Lucerne. H—Sainfoin in cosh, | —Kidney vetch. J—Common vetch or
tare. K-—Bird's-foot trefoil. L—Soya bean. M- Flax.
B
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pArsNIP (Pastinaca sativa) (Flg 116). In parsnip the seed is
strongly flattened and ne::a.rly circular in outline; the inner face
bears two orange-red stripes, the outer is papery (nearly white)
i colour. The seed often loses growth rapidly.

CELERY (Apium gmzfeutens) (Fig. 118). This is very small seed
of papery colour wtth. strongly-marked ridges and furrows.
The taste is characteristic. The possible presence of rust disease
should be borne in mind (p. 64).

oarsLEY and CARRAWAY are also members of the order
Umbelliferz.

CHENOPODIACEZ. The natural habitat of many species of
this order is the sea-shore. The European members include a
few important weeds and three prominent crop types.

MANGOLD, MANGOLD-WURZEL, BEET, SUGAR-BEET (Beta vul-
garis) (Fig. 11 1), «“ Seeds >’ of these crops are really groups
of several fruits embedded in the dried receptacle upon which
the flowers were borne. Such * clusters » or “ bolls ”’ may con-
tain up to half a dozen seeds, but two or three or four are the
most usual numbers and one is not infrequent. Conven-
tionally, any cluster that passes a round mesh sieve having
apertures of 2:5 millimetres diameter is regarded as an impurity,
even though it may contain a seed. Any cluster, all of whose
seeds have been lost, is also rej ected. The clusters are irregularly
globular fibrous yellow-brown masses, the centre of which is
found to be woody if cut across, the true seeds being relatively
small, bright red-brown and oval in form with 2 distinct pro-
jecting radicle tip. ‘The embryo is curved and embraces a
central mass of food tissue that appe€ars from recent investiga-
tions to be perisperm. Special measures in connexion with
germination tests are described on p. 7I. Purity as regards
weeds is seldom low, but a few of the larger-seeded arable
species are cCommon. Two of the more comimon weed S.EE.dS are
black bindweed (Polygonum convolyulus) and field blpt!weﬂg
(Gonvolvulus arvensis). The latter is regarded as & “ prohibited
weed in Canada, so that shipments of mango
tended for that country should be free from 1t. ‘ 2

SPINACH (Spinacia oleracea) (F18. 11]). The peculiar fruting
arrangement of Beta does not obtain in other chenopods. In.
spinach the ¢ seed ™ is a true fruit, without receptacle. [tisa

G
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pointed oval in outline, flattened, more or less wrinkled, and
papery brown in colour. : ‘

LiLiace&. Apart from ornamental species this order is
important as including the leek and various types of onion,
shallots, and chives. Some of the ornamental species are rather
difficult to germinate successfully under laboratory conditions.

oNioN (Allium cepa), LEEK (4. porrum) (Fig. 11K). Seeds of
this species are alike, angular and irregular in outline, often
wedge-shaped with one curved side and two flat; black in
colour; taste characteristic. The main mass of the seed is
pearly grey endosperm about which the curved thread-like
embryo lies embedded, its single cotyledon continuous with the
radicle, which is presented towards an angle of the seed.

Over-yeared onion and leek seed are apt to lose growth with
disconcerting rapidity.

GRASSES

GRAMINE. The cereals and grasses, including such large
forms as bamboo, sugar-cane, and sorghum and the smaller
millets, constitute the numerically largest of the natural
orders. All are monocotyledons, and in the general type the
structure of the grain is that illustrated for wheat. In our
common grasses, however, the grain is enclosed in a chaffy
husk composed of (usually) two flowering glumes which invest
it after the manner exhibited in the oat. Commercial grass
“ seed ™ therefore consists of flowering glumes plus kernel plus,
in most instances, rachilla—a short length of the axis of the
spikelet (branch bearing one or several flowers). In certain
species a second pair of chaffy scales (empty glumes) remains
enclosing the whole after threshing, as in Yorkshire fog and

meadow foxtail. Minor variations of these arrangements also
occur.

RYEGRASSES (Lolium spp.). These are the most important
of all forage grasses. Two species, perennial and Italian, are

in use in the United Kingdom, with a number of varieties.
':[‘he: type sold as L. westerwoldicum is a variant of Italian, which
itself probably arose as a variant of perennial. An annual
species, L. Brazilianum, finds some use in South America, and
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there are two weed species fairly frequent in Europe, one of
them polsonous.

PERENNIAL RYEGRASS (L. perennz), ITALIAN RYEGRASS (L.
multiflorum, L. Italicum) (Fig. 124, B). These are canoe-shaped
seeds lying naturally on their backs. The outer flowering
glume wraps over the edge of the inner and is insecurely locked
by teeth on the marginal ribs of the latter. The rachilla is
typically triangular in outline, wider at the top than at the
base, and flat-triangular also in cross-section; florets from the
upper part of the spikelet, however, often have a much more
rounded and less triangular rachilla, with occasionally a ten-
dency to a ‘‘ rivet-head ”* at the apex. This is important in
connexion with the possibility of confusion between ryegrasses
and meadow fescue (p. 89). Italian exhibits atypical rachille
more frequently than perennial. Perennial is distinguished
from Italian in typical instances by its lack of awn, but it must
be noted that some Italian seeds (notably those from the base of
a spikelet) develop no awn, and in machining many awns are
lost.

In the absence of an awn Italian may be identified by two
characters: (a) the Hellbo test: under a binocular microscope
tiny teeth are visible on the middle region of the lateral nerve of the
outer flowering glume. Teeth are absent from this position 10
perennial, (b) the Gentner test: if seeds are germinated for a
fortnight on white filter-paper, streaks of blue fluorescence appear
in the paper where the roots have lain, when examined under
screened ultra-violet light. Roots of perennial do not induce
this fluorescent effect. In general this ﬂuc}rescence-mduc{ng
character seems to accompany shortness of life in ]the Species.
It is heritable upon standard Mendelian lines and 15 exhibited
by hybrids and some segregants from perennial: Italian Crosses
made in either direction. This 1 therefore a very useful
measure of the extent to which a community of Pﬂfennlal ryes
grass has become contaminated by crossing with Italian.
Such contamination leads to degeneracy and loss of the peren-

nial character. Normal perennial usually lives two Of three

i ' it] ' ly one.
years under ordinary farming conditions, Itaha::} only
« fuorescence ’’ percentage

Indigenous strains show a very low ) b
and are long-lived. British commercial stocks comin y
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show some 10 per cent of ** fluorescent ” individuals. It is
important to note that there are European strains of Italian
itself that naturally show very little awn but are 100 per cent
fluorescent.

Hybrids between perennial and Italian may arise in the field
in suitable climates, but do not do so to an appreciable extent
in the United Kingdom. British commercial stocks of Italian
do, however, too often contain material percentages of true
perennial itself; perennials, on the other hand, very seldom
contain any serious amount of Italian. The produce now sold
as Pacey’s perennial is not a distinct form. It is composed of the
small seeds from the upper part of the spikelet of ordinary
perennial, separated during machining, and is synonymous with
short-seeded perennial. Modern machinery purifies ryegrass so

efficiently that samples of g8 and gg per cent purity are easily
purchasable.

ARGENTINE RYEGRASS (L. Brazilianum) is an unproductive
annual, useless here. Its seedlings are ‘‘ fluorescent.” The

inner flowering glume is thin and the enclosed kernel is rather
conspicuous.

DARNEL (L. temulentum) is an annual cornfield weed poisonous
by reason of a contained fungus. (See p. 116.) The seeds
are extremely rare in commercial bulks grown in this country.

SPARSE-FLOWERED RYEGRASS (L. remotum) is a very common
annual impurity in European flax samples.

- COCkSFOOT (Dactylis glomerata) (Fig. 12¢). Seed of cocksfoot
1s rough and hard to the touch, so that when bagged it can often
be 1dﬂ:ntified by feel without opening the bag. 'The outer
ﬂawermg_glume 1S Very strongly keeled and towards the tip
rnggh with small sharp asperities. It is drawn out into a stiff
point st?arcely amounting to an awn. The rachilla is straight,
cylindrical, and knobbed. The seed is curved slightly and lies
naturally on its side; as a result it is not nearly so easy to sec
the kernel by diaphanoscopy in cocksfoot as in ryegrass, the
more becauzae In the former the kernel itself is pale and trans-
lucent. : 115‘15 soft, too, and easily damaged by careless use of a
scalpel in * feeling »* for it. Cocksfoot florets vary markedly in

size frn:;m the lower to the upper part of the spikelet, and one or
two of the uppermost are usually barren. Hence first-class
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4

samples tested on the ™ cc_}ntinental "’ system commonly show
from 7 to 10 per cent of inert matter, consisting of empty or
yery immature seeds.” Apart from this, most commercial
samples are of very high purity.

Large supplies of 'indigcnous strains are now available, and
New Zealand seed is also obtainable. Shipments of Danish
cocksfoot have now been resumed to this country.

riMmoTHY (Phleum pratense) (Fig. 12p). While most of our
timothy seed is of Canadian or American origin a considerable
quantity is produced in Scotland. English-grown seed 1s also
now available. During the past twenty-five years dodder has
never been recorded at Cambridge in timothy seed originating
from any of these sources. Seed of continental origin may,
however, contain dodder. The flowering glumes are very thin,
delicate, and of a bright silvery colour by reflection of light.
There is no rachilla. Frosted samples of a grey tone, and dull
brownish samples badly harvested or badly stored, may occur.

The pointed ovate honey- or coffee-coloured kernel shakes
free of its glumes very easily (““ shelled seed *’), but this does not
affect its germination at all if the seed is fresh. Shelled seed
does not store so well as weed retaining its husk.

LARGE FESCUES (Festuca elatior et spp.) (Fig. 12E). The most
important of these in our agriculture is the form called meadow
fescue (F. pratensis). The seed of this species uvery clqsely
resembles perennial ryegrass. Typical distinctions (subject,
however, to considerable variation) are: (a) the rachilla of
fescue is cylindrical and kobbed or ™ riveted ” at the apex, that
of ryegrass flat faced and triangular in outline; (0) th_f: outer
flowering glume of fescue, if the seed is viewed lying on 1ts face,
appears slightly lop-sided, but that of ryegrass symmetrical;
(¢) the glume colour of fescue is commonly lighter and more
papery than that of ryegrass, which has a green-grey shade;
(d) the glume of frescue 1s more brittle and more commonly
broken at the tip than that of ryegrass. Adulteration qf Hlﬂﬂ.dﬂ;\f
fescue with ryegrass 1s now rare nd if it occurs is usually
inadvertent. _ .

Even individual specimens, if typical of their SpECiS, alm
quite easily distinguished by the rachilla, but 1n all bulk SE}I?IP €3
there are a few seeds of atypical appearance upon which an
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opinion must be formed by accumulation of evidence. Meadow
fescue seed does not retain its germination capacity well during
storage over-year, and when i1t starts to falllin vitality falls
rapidly. Tall fescue (F. elatior) is relatively llt.tle used. The
seed is larger than that of the pratensis type and 1s often awned,
Danish samples of meadow fescue are usually larger seeded than
American, approaching the tall type.

REED FESCUE (F. arundinacea) is a coarse reedy grass that may
be encountered, but it is not of agricultural value. Its seed
is very similar to that of F. elatior.

SMALL FESCUES (F. owvinaet spp.). The typeseed of this
group 1s flask-shaped, having a rounded belly and pointed
upper end, which may be awned. The rachilla is cylindrical
and knobbed. Short hairs may be present on the outer flower-
ing glume and rachilla in larger forms.

SHEEP'S FESCUE (F. ovina) and FINE-LEAVED SHEEP’S FESCUE
(F. (ovina) tenuifolia) (Fig. 12¢). This is the smallest of the
group. The seeds are free from hair or awn. The two forms
are not botanically distinct, but the so-called fine-leaved form
1s the smaller seeded.

HARD FESCUE (F. (ovina) duriuscula) (Fig. 126). This is
a larger grass with a larger seed. The latter is most frequently
shortly hairy on the flowering glume and about the rachilla,
and the apex is usually shortly awned.

RED FESCUES (F. rubra genuina, et fallax). These are distinct
fescues of value on account of their underground creeping

habit. The seeds very closely resemble smooth hard fescue
seeds. They generally exhibit a reddish tinge, but so may
the other small fescues. The variety fallax is sold as Chewing’s

fescue. It_ is excellex}t for use in the production of fine turf.
Our supplies are derived from New Zealand. The seed does

not hold its germination well and frequcntly suffers heavy loss

in grnwtl_l during transit, The artificial drying of the seed
before shipment may help to get over this trouble.

CRESTED DOGSTAIL (Cynosurus cristatus) (Fig. 12m). Except

tor absence of keel, crested dogstajl sepd v ,
coloured cocksfoot seed. The gstall seed resembles a small,

rachilla is similarly cylindrical
@dhkﬂﬂbbﬂd, the upper part of the flowering glume is roughened
In the same way and the tip is drawn out into a short stiff point.
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Tl?c colour (except in‘udd bhf:.a.ched individuals), however, is
bright yellow, often with a faint greenish tinge, in good fresh
samples, or brown-yellow to brown in poorly harvested produce.
Bright colour 1s gﬂneralliy sought, but brownness does not of
itself connote low quality. The seeds are uniform in size,
whereas those of cocksfoot are very variable.

A larger seeded annual and valueless species, carrying a
long awn and resembling a fescue in form and colour, C.
echinatus, may occasionally be met with, described as ¢ Chilean
ryegrass.’’

OAT GRASSES. Two so-called oat grasses, tall and golden,
may be encountered, though neither 1s greatly used. The
former is the more frequent. Others may occur as weeds.

TALL OATGRASS (Arrhenatherum avenaceum) (Fig. 12, 1). This
“ seed ” is in reality a whole spikelet, less the empty glumes.
The two florets of the spikelet, the lower sterile and the upper
fertile, break away as a unit in threshing. ‘lhe flowering
glumes are very harsh and invest the kernel closely; germina-
tion is usually improved by  shelling ™ before placing on the
seed bed. The sterile spikelet bears a strong bent and twisted
awn, the fertile floret a much finer straight one, and the base of
the seed is adorned with silky straight hairs, pointing upwards.
The general colour is pale brown, the larger awn being dark
brown with a pale spiral stripe. In view of its size, the Ib. or
the bushel contains relatively few seeds and the price per seed 1s
accordingly high. .

GOLDEN OR YELLOW OATGRASS (Avena flavescens) (F1g. 19]_)-
A species seldom used. The sample is pale brown-gold 1n
colour and very light and * chaffy ™ looking. The flowering
glume is split at the tip, each half bearing a bristle, while &
stronger awn, bent and twisted, arises nearly half-way down 1ts
back. The rachilla and base of the glume are hairy: s

MEADOW FOXTAIL (Alopecurus pratensis) (F1g. _IQK)'_ This 12
the earliest of all our useful grasses, following In Spring c{ns?
upon Anthoxanthum (sweet vernal grass) which is not of practllj_:a
value though it has been used to some extent in the past. LT
fortunately, foxtail is extremely difficult to establish 1n .E
mixture, and though it flourishes 1n permanent rneadm*:ls wl
not do so much under pasture conditions. The flat seec COL
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sists of the whole spikelet i.c. a pair of strongly keeled and very
hairy empty glumes, united by their edges from the base about
one-third of the way up, and enclosing a solitary flowering
glume of a thin delicate texture within which the soft, flat,
butterscotch-yellow caryopsis reposes, usually surmounted by
the thread-like shrivelled remains of the ** stigma.”

The sample as a whole 1s grey, individual seeds being darker
on one side than the other. The flowering glume carries a
bent awn, arising from the middle of the back. (See also note
on parasites, p. 57.)

BLACK GRASS, SLENDER FOXTAIL (4. agrestis) and KNEE'D
FOXTAIL (A. geniculatus) occur as weed impurities. Seeds
of the former are more elongated, scarcely hairy, harsh
“in the husk, with very soft spindle-shaped caryopses and having

empty glumes united for about half their length; those of the

latter are smaller, shaped and coloured rather like 4. pratensis,
but darker.

“ MEADOW GRASSES ’ (Poa spp.). This genus, while only
of limited use in the United Kingdom, is of great importance
in some other countries, notably in parts of North America,
where one species, P. pratensis, shares with timothy the position
of greatest importance among sown grasses. Their seeds are
very small, strongly keeled throughout their length and tri-
angular in general cross-section; the rachilla is cylindrical and
knobbed and the base of the seed is furnished with a tiny mop

“web ”_) of soft cottony hair, the profusion of which varies with
the species, as does the quantity and distribution of other,

shorter, hairs on other parts. The cottony ** web *’ 1s lost with
age and machining.

ROUGH-STALKED POA (P. trivalis) (Fig. 121) has a relatively
small basal web and otherwise ; :

is only hai idrib of

the flowering glume. £ s g
3 SMOOTH-STALKED POA (P, pratensis) (Fig, 12M) is the American
Izegltui:kgf :iuqtg)ras?’;] The basal web, when fresh, is profuse,
an € lateral ribs of the flowering olume idrib
are furnished with short hairs. L s e

Poa compressa, Flat-stemmed meadow grass or ‘‘ Canada
22
bluegrass,” and Pog annua, annual mead

_ Ow grass, the latter
having rather larger seeds covered generally witE short hair, may
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be met as impurities, the latter frequently. Poa compressa is
considered of value as a pasture grass in some parts of
(Clanada.

Pu.a nemoralis, wood meadow grass, is a useful lawn-making
species for shaded places. The seed is very similar to that of
rough-stalked poa. Little, if any, seed is now available.

pIAGNOSIS OF P0A4S. For British and European purposes
it is important to distinguish the seeds of Poa pratensis from
those of P. trivialis. Differences in hair distribution have been
noted, but these are often insufficient guide for precise analysis.
The hairs are very easily lost, and although in rubbed seeds
their stumps can often be discerned with the aid of a micro-
scope, it is to be observed that in so laborious an examination
only a few hundred seeds at the most can be critically scrutin-
ized, with the result that the numerical percentage analysis is
materially affected by wrong or doubtful identification of one
or two individuals. Something more definite than hair
distribution is thus required. The process used in practice is
as follows: The seeds are soaked for twelve to twenty-four
hours in a dilute (2'5 per cent) caustic potash solution, which
causes the flowering glumes to gape apart. The wnner flowering
glume is then picked off with fine forceps and scalpel and
mounted on a glass slide. Upon examination under a com-
pound microscope of low power, the lateral ribs of the glume are
seen to be set with fine teeth pointing slightly forwards. Thﬂs.c
of P. trivialis are very fine and closely set; those of P. pratensts
are coarser, more widely spaced, and more hooked. Their
appearance in each of the two species 18 presented in Fig. 13.
A less tedious, but less certain, diagnosis can be made by
binocular observation of minute teeth on the central rib of the
outer flowering glume.

BENTS (Agrostis spp.). Species of this genus are numerous
(about 100) and their floral structures diverse. Several are
cultivated, chiefly for lawn and sports grm}nd PUrpeats:
One or two are constant, and often very profuse, 1n old pasture.
The diagnosis of Agrostis seeds i troublesome a-nd calls for vegy
close scrutiny under considerable magnification. The seeds
are minute, the outer flowering glume smooth an_d flask-shape i
translucent and silvery in appearance, the inner is often vestigla
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or missing. The kernel is toffee-coloured and spindle-shaped,
In only a few uncommon species is there any rachilla.

Agrostis tenuis (= A. vulgans) (Fig. 12N) 1s imported from
New Zealand as ¢ brown-top and from America as Rhode
Island bent. It is also sold as colonial bent, Prince Edward
Island bent, and Oregon bent. Its outer flowering glume is
dull and has three or four indistinct veins; 1its inner flowering
glume is reduced to about half the length of the outer; both are
toothed at the apex. An awn is occasionally developed on the
outer flowering glume.

A. canina, black bent or velvet bent, is awned. The inner
flowering glume is apparently missing, but really present as a
minute adhering scale. The outer flowering glume is dull and
may have three, four, or five veins. This species and the last
mentioned are the best lawn types, having strong creeping
capacity.

A. palustris, the fiorin of most European countries, is an olla
podrida species including a number of forms sometimes given
specific names, such as A. alba, A. repens, A. stolonifera, and
combinations of these. It is an unsatisfactory description on
this account. It is met with under various other names, such
as creeping bent, seaside bent, and black bent. Red top is the
name by which it is commonly known in North America.

: The outer ﬂ“’f""eriﬂg glume of fiorin is awnless, thin, and
silvery, and the inner is two-thirds as long or a little less.

LEGUMINOUS CROPS

CLOVERS. Srgall-saeded legumes as a group are loosely
spoken of as clnvezc:s ”?; the title should properly be reserved
for the various species of Trifolium. Of these there are some
half-dozen of importance as crops in British agriculture; others
find favour in other parts of the world. ’

RED CLOVERS (T.. pratense et var.) (Fig. 13a). Two types
of red clcn:rers are in use: the so-called * broad ’ red and
late-ﬂnj.zvermg red. _Each 18 met with under a variety of
names; the expression ‘ single-cut cow grass ”’ is commonly
associated with the latter type, in reference to 3 1
e el 0 1ts non-production

+Individual seeds of the two are indistineus;
istinguishable.
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Wild strains of red clover are also purchasable, their seeds
though usually of a small average size, resembling in ﬂthg;
respects those of the *‘ cultivated ” varieties. Red clover seeds
are oval in general form, with a rounded “ nose * occasioned
by the protrusion of the radicle beyond the marginal line of the
opposed cotyledons, which are adherent to the embryo axis only
at the hypocotyl. The radicle is disposed centrally when the
seed is viewed on edge. The hilum, or scar left by detach-
ment of the stalk on which the seed grew within its pod, is found
a little below the ‘‘ nose ”’ of the radicle, and between the two
is the micropyle (pore) through which the pollen tube entered
the ovule at the time of fertilization and through which water
most easily enters before germination. Most red clover seeds
are purple at the north end, shading to greyish-yellow at the
south, though they may vary from wholly purple to wholly grey-
yellow. All the seeds from a given plant, if fully ripe, are the
same colour, but distribution of colour is very variable within
a commercial sample and still more so between samples from
different countries of origin. The same variety, if grown in
different countries, will show different colour proportions.

The chief difficulty in the analysis of red and other clovers 1S
discrimination between grave injuries and unimportant cracks.
This question has been discussed on pp. 54-55- It is important
in germination tests to give time for internal injuries to dis-
cover themselves before making the first count. Three days
are often too little for safety and four are better.

Good fresh red clover seed should be bright and shiny of
surface ; old seeds turn red ; dullness of testa may be due to age,
bad storage, bad harvesting conditions, nccasiunallyﬁr to scarl-
fication, though this is seldom necessary with this species.
Weathering leads to brown colour. _

ALSIKE (T, hybridum) (Fig. 13B). This clover takes 1ts
name from the Swedish village Alsike and shnu}d not be
spelled, as it often is, Alsyke. It was named /Aybridum under
the impression that it was a cross between red and .Whl‘tﬂ clovers,
but this belief is not supported by modern investigation. The
seed structure is similar to that in red clover, but the radicle 1
as long as the cotyledon, which brings the ¢ nose ** down to the
end of the seed and results in a heart shape. Colours vary from
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pale apple green through chequered light and dark green types
to a green so dark as to be nearly black. Fresh seed should

be polished; old seed turns red. Hard seed 1s commoner than
in red clover.

WHITE CLOVERS (7. repens et var.) (Fig. 13c). Wild white
and Dutch white clovers are in common use. There are
no botanical distinctions of specific rank between them;
the real difference between a community of ““ wild ” and a

community of *“ Dutch  1s much the same as that between
weak whisky and soda and strong whisky and soda. Each is
a mixture of strains. In the wild community the proportion

of long-lived individuals is high; in the Dutch community the
proportion of short-lived is high.

The seed of either is of the heart-shaped type and yellow or
brown-yellow in colour. Dull brown colour usually means
poor ripening conditions. The outline of white clover is a

little broader in proportion to length than that of Alsike, a
point often useful in the separation of a mixture of the two.

If all seeds were typical, colour would be an obvious criterion
for this separation, but seeds are often atypical, and brown

seeds, almost certain to be present in either species, are a special
difficulty in a mixture. Unripe seeds also cause trouble, since

in normally green alsike they are yellowish and in typically
yellow white clover they tend to be green.

DIAGNOSIS OF WILD WHITE. There is no single test by which
wild w}-nFc and ** cultivated ”’ Dutch white may be distinguished.
AI} opinion must be formed by reference to the accumulated
evidence of several factors. The notes that follow are approxi-

mate guidt?s mﬂy., a.nd 1t must always be borne in mind that
very material variations naturally occur.

mé;})x iﬁmsi}iatwﬂd white sample passes a sieve of round

: _ wenty-fourth of an j : AT BLAD.
Little Dutch white passes this sieve, inch in diameter

(2) Weight.—1,000 wild whit '
of Dutch w?hitﬂ about 0+4 grar:t;ﬂ:.ds il
(3) Typical old pasture impurities are

Lotus, Hol
m;ﬁ 12000, Tyegrass, Poa, sweet vernal, self heal, field wood

Typical arable land impy 13 _ , ‘
(Geranium molle), cbiﬂkwgeldeTlclgil;ifr;. HaVes. ot cranosbil

gh about 0:5 gramme ;

dogstail, Agrostis,
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It 1s, of course, the combination of impurities, rather than
any single one, that is of most value, although it is interestin
to record that out of 1,009 white clover samples examined a,gt
Cambridge 683 contained dove’s foot cranesbill, while only in
?05 out of 2,761 samples of wild white clover was this impurity
ound. The presence of this weed combined with other arable
weeds and the absence of old pasture grass seeds are, therefore
factors of considerable importance in forming an ﬂpi’ninn. ’

In this connexion it should be remembered that wild white
clover once-grown is from arable land.

(4) Cyanogenesis.—In the bulk, wild white is more strongly
cyanogenetic than cultivated varieties. The cyanophoric test,!
hm;]rever, has been shown to be definitely unreliable for single
Seeds.

SUCKLING CLOVERS (7. dubium et spp.) (Fig. 13p). Under
the Seeds Regulations of 1922 five species are included under
the name suckling clover. In farming practice only T.
dubium is sown under this description, though T. procumbens
and T. filiforme find sale in Ireland and elsewhere as pot plants
under the name ‘ shamrock.”

Suckling clover seed is nearly elliptical, the radicle being
only a little shorter than the cotyledon but closely appressed
and thus causing very little suggestion of a ™ nose.”” The testa
is highly polished and the colour varies from lemon yellow
through butter yellow, ochre and brown to olive. Hard seed

15 often plentiful. o
GRIMSON GLOVER (T. incarnatum) (Fig. I 3E). This 15_th_c
largest seed among the common clovers. In outline it 1s
elliptical with no noticeable ““ nose,” and in colour either
white or buff-brown all over. The testa is brittle and cracks

. - c acid
1 Cyanophoric Test. This is a delicate test for evolution af PRyl a::t_
as, Seegs are germinated for about five days in the l;gl}t, iy th; zﬂﬁs
ons are expanded and green. They are then dropped 1nto a cor Ea %;r ]
tube, a spot of toluol is added and a strip of yellow sodium o pr]f and
inserted and held clear of the seedlings by gripping it ke gy ket is
glass. The tube is then incubated at about body tempf:raturi z&f‘f Ezchnur.
convenient for this) for a period of from a few muntLes i t?; red, or
Evolution of prussic acid (cyanﬂgﬂnﬁﬂiﬂ) is indicated by @ browth
orange discoloration of the yellow test-paper.
Sodium picrate paper is made by soaking Strips : ric acid dissolved
solution prepared by neutralizing one gramme of pure pi i
in 200 c.c. of distilled water, with 10 grammes O QUISsA

carbonate, and drying.
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easily; dubious broken growths are troublesome in the germina.
ation of many samples, but hard seed are rare.

SUBTERRANEAN CLOVER (T, subterraneum), with seed resembling
white clover, an annual which buries its seed pods in the earth
at ripening; STRAWBERRY CLOVER (7. fragiferum), seed of which
is very similar to that of Alsike; the perennial z1G-ZAG cLOVER
(T. medium), whose seeds are like those of red clover; and
SULPHUR CLOVER (7. ochroleucum), with large dull yellow seeds,
are all uncommon but may occasionally occur.

MEDICKS (Medicago spp.). Two species of this genus are in
use in the United Kingdom, common trefoil and lucerne. We
grow our own seed of the first-named, but in the main we import

seed of the second from France, other continental countries,
and Canada.

TREFOIL (M. [lupulina) (Fig. 19F). This may be pur-
chased in cosh or milled. The former is the whole fruit—a
jet black kidney-shaped thin capsule, ridged in a network
on the outside and containing a single seed. When milled the
true seed is exposed as a dull ochreous or paler yellow, kidney-
shaped and with a radicle “ nose ”” of retroussé form projecting
in the notch of thekidney. Greenish shading is fairly common.
Cracked seeds are often difficult to detect and broken growths
a common trouble in germination tests. Viewed on edge the

r:adicle: is centrally disposed along the cotyledon edge (a dis-
tinction from lucerne, ¢.2.).

LUCERNE (M. sativa) (Fig. 13G). Seeds of lucerne may

be of two forms, both of which will appear in a sample—a type
resembling red clover in shape

kidney- and one of longer and more

shaped form, often with a truncated forehead ** at the

distal end of Fhe cotgledt}n The colour is uniform dull brownish-
yellow. This species and the previous have
dull, they ?hﬂuld not be lustrous like those of clover. The tip
of the radicle of lucerne is turne .

d aside from the central line

- L] L] ’

{g‘wu}g the see::l :whe-n viewed on edge a bent appearance that

urnishes a dlstmct.mn from trefoil when certain individuals
resemble the latter in outline.

CALCICOLE LEGUMES. A few 1
adapted to chalky land;
Britain. |

seeds naturally

€guminous species are specially
two of these are in ordinary use in
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SAINFOIN (Onobrychis sativa) (Fig. 13m). Seed may be

. : ; pur-
chased milled or unmilled (in cosh). The true seed. milled
is among the largest of leguminous forage crop seeds: kidnﬂ}:
shaped, with dark hilum in the notch, bright brown, often
fecked with black. In the unmilled sample, the capsulle 1s of
a light papery brown, marked with a network of strong external
ridges that bear irregular short stiff spines, while a crest of
larger spines adorns the outer edge of the fruit, the outline of
which is half-elliptical. Broken growths are often troublesome
in sainfoin germination tests. Yearling seed does not carry over
well and is usually of comparatively low growth.

KIDNEY VETCH (Anthyllis vulnerana) (Fig. 13 1). Pretty seeds
when fresh are those of kidney vetch. In shape and size they
are similar to red clover seeds; the north end is coloured bright
green and they shade to a silvery grey at the south. Old seed
turns yellow-brown. The seed is rather easily damaged and
the germination tests often show a high percentage of broken

growths.

PULSE CROPS

Beans—dwarf, broad, or climbing—and peas are among
our most familiar seeds.

BROAD BEAN (Vicia faba), really a vetch, may be green or
light brown in colour when dry, and of a size varying greatly
from variety to variety. The brown HORSE oOr FIELD BEANS
are varieties of the same species. GARDEN PEAS, Varietics of
Pisum sativim, may be either smooth or wrinkled, green-yellow
or white. FIELD PEAS (P. arvense) are grey or speck]ed -bn_::nwn
(partridge) and rather less globular than the garden varieties.

SWEET PEAS are varieties of Lathyrus odoratus and thus vetch-

lings rather than true peas. They often contain a considerable

proportion of hard seeds. ial)
KIDNEY BEANS (annual), SCARLET RUNNERS (perennial),

and DWARF (FRENGH) BEANS are species of Phaseolus. ‘The LEN'I:I;
(Lens esculenta) is an orange-yellow lens-shaped seed, whence ]
generic name. 1he EARTH-NUT (mnnkey—nut) and “umﬂ?lal:
other beans, peas, and vetchlings, grown abroad are use ,:
stock foods, the locust bean and fenugreek, also legumes, being us

as condiments.
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MISCELLANEOUS LEGUMES

veTcHES (Vicia satia) (Fig. 13]). Dull, patchy brown or dun
seeds of ovoid outline when lying on their sides, flattened slightly,
or sometimes almost to a lens shape. The hilum is elongated
and marked with a light stripe. Several other species of Vicia
may be met with as impurities.

BIRD’s-FOOT TREFOIL (Lotus corniculatus et spp.) (Fig. 13x).
This common pasture legume, occasionally sown, bears seeds
of which often a high proportion may be hard. In shape they
are shortly oval, or kidney-shaped, and may be a coffee

brown, speckled brown, or deep olivaceous green in colour.
The hilum is circular and clearly marked.

soYA BEAN (Glycine soja) (Fig. 13L). This crop is of high
importance in Japan and North America as human food. In
Europe the imported seed is used as a cattle food, but its
extended use as a field crop here will depend upon the elabora-
tion of strains suited to our length of day and length of season.
The species is markedly influenced by these factors and affords
an excellent demonstration of the effects of varying periods of
illumination. The beans are about the size of a small ordinary
pea, ovoid in shape, with a somewhat scurfy elliptical hilum,

and vary in colour from yellow or buff through yellowish-green
and brown to black.

MISCELLANEOUS CROPS

FLAX OR LINSEED (Linum usitatissimum) (Fig. 13M). The bright
‘I:!rnwn colour and long-oval outline, with flattened section of
hnse:ﬂd, 1s familiar to everyone. The seed is notable for the
mucilage contained in a dry condition in the seed coat, which
swells up into a slimy mass on the addition of water——thjﬁ factor
upon which the linseed poultice is largely dependent for its
value. The radicle is placed at the lower, narrower end of the
seed, and upon germination is extruded at this point, Plants

used for ﬁl:?re are tafll types with few branches and bearing small
seeds, while the lmseed-pruducing varieties are

| ‘0=
fusely branched and larger-seeded. Flax is the ﬂ;%lﬂgg:é (I?;SP
grown commercially in the United Kingdom, 4
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FIGS, |4 3
;’i““ﬂs. é;é:;;hﬁﬁ;‘unculus acris. 15—R. repens. |6—R. sceleratus.
¢ —Brassica sinapis 22l-“’l‘l consolida. |9—Papaver dubjum. 20—Fumaria officinalis.
-g“mva. HEARLL e ~—Neslia paniculata. 53.Raphanus Raphanistruim: 24 —Came-
S—Eruca sativa. ?.‘:?EEWIEM'S' 26— Lepidium campestre. 27-—Ery_simumnrientale.
Thlaspi apsella Bursa-pastoris. 30 —Erysimum cheiranthoides. 3| —
pi arvense. 32— Viola tricolor 33— Reseda lutea.




FIGS. 34-53.—34—Lychnis Githago.
media. 38—Cerastium triviale, 39—Spergula arvensis. 40—Malva sylvestris. 41—
Geranium dissectum. 42—G, molle, 43 G pusillum. 44 _Melilotus officinalis.
45—Vicia angustifolia. 46—V, cracca. 47

35—L. diurna. 36—L. vespertina, 37— Stellaria

V. sepium. 48 | tensis. 49—
Arthrolobium scorpioides. 50— Poterium saner. athyrus prate

anguisorba. 5|-—Rosa pratincola. 52—
Potentilla monspeliensis, 53— Enothera biennis.
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compositT. Plants of the daisy and dandelion order usyall

have seeds of a long, narrow shape and are either flattened 0};
angular in section by reason of their close-packed style of
growth 1n the head of flowers. A few crop species are members
of this order; familiar examples are LETTUCE (Lactuca satwa)
with flat snowshoe-shaped black or nearly white seeds; cm-
cory (Gichorium Intybus) with squarely angular seeds, collared
at the upper, broader end ; and sAvsiry (Tragopogon porrifolius),
with seeds like much enlarged dandelion seeds. The  seed **
of these is really the whole fruit, the ovary wall being united
with the testa.

WEED SEEDS |,

rorM GrROUPs. It will be found that by far the most of our
common weed seeds, if classified by their shape, fall into fairly
clear groups (spherical, oval, spindle, kidney, and the like),
generally corresponding with a natural order of plants or a
section of a natural order. This is to be expected if it is
remembered that the natural orders are groups of species of
similar characteristics, that these characteristics are chiefly
floral structures or arrangements, and that the form of a seed
depends very largely upon such factors. Thus globular seeds
are characteristic of a section of the natural order Crucifere
in which the uncrowded pod-like fruit allows room for free
development; seeds with one round side and one flat are borne
by many umbellifers, in which the fruits are developed 1n pairs
at first united and splitting asunder when ripe; elnng&ttf:d
forms somewhat narrower at bottom than at top are characteris-
tic of composites, which carry their fruits arranged on a more oF
less flat receptacle after the manner of the knots t:_tf bristles i a
broom, and where the receptacle is crowded, fruits angular in
section result. |

It is not of course to be supposed that hard-and-fast ru 1:5
can be laid down by which a natural order can autnmaﬂcflll?’ €
identified in its seeds or fruits—there are plenty o vﬂrlﬂ-u; "
and exceptions, while similar forms are naturally to be found 11
more than one order. It is hoped, however, that i.;he.grﬂlltpl:;gl'
of the species, in the notes that follow, into types WItULEZE ©
orders, may help inexperienced readers (0 reduce the wi

H
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field that must be hunted for the identity of an unknown speci-
men. No attempt is made to be exhaustive, and species that are
infrequently met with in commercial seeds are not mentioned.

DESCRIPTION OF WEED SEEDS

(Numbers correspond with figures. Measurements in millimetres
indicate the greatest dimension of an average specimen.)

RANUNCGULACEZ—DButtercup Family.
(a) Flat type, with beak but no spines.

Ranunculus acris—Upright Buttercup. (14)

3 mm. Oval, narrow or pointed base, thin edge sometimes
winged, beak medium, light or dark brown if ripe, with lighter
often greenish edge, smooth but not polished.

R. repens—Creeping Buttercup. (15)
g mm. Similar to R. acris, but beak a shade larger and more

hooked.

R. sceleratus—Celery-leaved Buttercup. (16)

17 mm. Less flattened than preceding, well-marked edge
line, very small blunt beak, may be slightly wrinkled.

(b) Flat, with snout and spines.

R. arvensis—Field Buttercup. (1%)

Oval disc with straight blunt snout, edge and faces bear strong

curved or straight and pointed spines, colour tawny or neutral
grey-brown.

(¢) Wedge-shaped iype.
Delphinium consolida—Wild Larkspur. (18)

 I'5-2 mm. Irregular leg-of-mutton shape, thicker on one
side than the other, broader one end than the other, repeatedly

belted with thin wing-like projections in a parallel series,
colour dark grey-brown, wings lighter.

PAPAVERACEZ—Poppy Family.

Seeds };.idney-sllaped, surface covered with a network of ridges
enclosing polygonal pits (thimble marking),

Papaver dubium—I.ong Smooth-headed Poppy. (19)

0:8 mm. Colour steely grey to . i
ately larger than in P, rh}:ag, gnd ?;E:}ggci);g?k, R

P. Rheas—Common Red Poppy.
1 mm. Colour smoky grey, pits irregularly hexagonal.
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Fumaria officinalis—Common Fumitory. (20)
o mm., Fruit, nearly globular with minute point in a shallow

apical depression, 5111'1;3-{3‘: ﬁf}ﬁ‘l’y’ roughened and dull, colour
yellowish-green, sometimes with silvery tinge,

cruciFErRE—Cabbage Family.
(a) Globular type.

Brassica sinapis—Charlock. (21)
-5 mm. Resembles swede. Superficially smooth, very
fine thimble marking visible under magnification, colour red-

dish-purple, grey or nearly black. Pieces of testa soaked in
strong acidified chloral hydrate solution show blood-red colour.
(Distinction from turnip, swede, and cabbage. Solution:

Chloral hydrate 8 gms., water 5 c.c., hydrochloric acid g drops.)

B. nigra—Black Mustard. (11C)

15 mm. lesta strongly thimble marked with deep hexa-
gonal pit, visible under lens. Colour rich brown.

Neslia paniculata—Ball Mustard. (22)

2:5 mm. Very round with small basal snout, rough netted
- coat, colour green to greenish-brown.

Raphanus Raphanistrum—Wild Radish. (23)

g3 mm. Bluntly oval, superficially smooth, dull, finely rough
if magnified, grey-brown. Often contained in longitudinally
ridged, barrel-shaped section of broken pod.

(b) Elongated plump type, radicle position indicated by grooves
in testa.

Camelina sativa—False Flax. (24)

2 mm. Smooth, brownish-yellow, becomes very slimy when
wet.

C. microcarpa—Small-seeded False Flax. ;
Similar to C. sativa, but half the size, darker in colour Bnd
more granular of surface.

Barbarea vulgaris—Winter Cress. (25)

L I'5 mm. Finely pitted, somewhat silvery sheen, colour of old
ay.
Lepidium campestre—Field Cress. (26)

2 mm. Oval, pointed apex, dark brown, dull, becomes
sticky on wetting.

Erysimum orientale—Hare’s-car Mustard. (27) _ p
25 mm., Similar shape to 24, yellowish or reddish shade o
brown, granulated surface, bitter taste, becomes sticky i wet.

Erucq sativa—Worm-seed Mustard. ( 28)
2mm. Somewhat compressed, toffee-brown.
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(¢) Elongated flat pe, radicle position indicate
Capsella bursa-pastoris—Shepherd’s Purse. (29)

I mm. Narrow oval, yellow, dull
under magnification,

(d) Oval flat Iype.

Erysimum cheiranthoides—Treacle Mustard. (g0) |
I'5 mm. Toffee-brown or yellow, dark hilum, bitter taste,
Thilaspi arvénse—Pennycress. (31)

2 mm. Oval, notched at end, strong concentric serrated
ridges (suggesting a thumb mark), colour dark red-brown.

d by grooves,

s surface finely granular

VIOLACEZ—Violet F amily.

Vz'ula':trz'ﬂnfnr—mHearts&ase. (32)

2 mm. Plump, oval, polished, straw-yellow, whitish pro-
trusion (*‘ caruncle » at narrow end)

RESEDACEZ—Mignonette F amily,

Reseda lutea—Wild Mignonette,

(33)
I'5 mm, Plump‘, unbalance

d kidney-shape suggesting a
with light-coloured protrusion

ad kidney outline W{'th
When lying op side, wedge-shaped with
broad end rounded when viewed on edge, surface
. red with short teeth or ‘

I rows toncentric to notch of kidney.
Lychnis Githago—Corn Cockle, (34)

3’5 mm. Purple-black to back, redder if unripe. Teeth
Coarse. Poisonoys.

L. diurna—Red Campion,
I'5mm.  Smoky Purple to grey.-hlack. Teeth closer than 24.
L. vespertina—White Campion, (36)

I'5 mm. Dirty-grey or ev-h i
coarser teeth thar E; .3’ grey-buff, shade larger and slightly

Silene inflata—Bladder Camp;
"5 mm. Very similar to red i i
Protuberance at notch . ~Amplon, but with e

Saponaria vaccaria—Cow Cockle.
2 mm, Duyl]] smoky-purple to black, warts rounded.
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Stellaria media—Chickweed. (37)

; mm. Very broad kidney or nearly round in outline, warts
blunt and corky looking, colour red-brown or snuff.

Cerastium iriviale—Nouse-car Chickweed. (38)
075 mm. Smaller than 37 and often broader than long, so
as to be roughly triangular in outline on the side, Warts small

and widely spaced.

(b) Sub-globular, smooth Lype.

Spergula arvensis—Spurrey. (39)
o mm. Nearly spherical in form with equatorial wing, testa

dull black, minutely granular, often with light flecks, wing light.

MALVACEZE—Hollyhock Family.

Malva spp.—Mallow. (40)
Sizes 1-5-2 mm. Shape like a section of orange, but with

sharp angles hetween curved and flat sides, outer side rugged
with strong raised net of ridges, colour dull brown-grey.

GERANIACEZ—Cranesbill Family.
Geranium dissectum—Cut-leaved Cranesbill.  (41) |
2 mm. Broadly oval, surface strongly thimble marked *wuh
longitudinal rows of hexagonal pits of red-brown colour, ridges

lighter.

G. molle—Soft Cranesbill. (42) i
1-5 mm. Outline elongated D-shape Of nearly elliptical,

surface smooth but dull, yellow-brown colour. The papery

fruit capsule is often present and is highly characteristic, being

thin, greyish, free from hair, but adﬂrne:f:l by a series of thin wavy

ridges set at an oblique angle to the axis.

G. mi!lumH—Small-ﬂGWEred Cranesbill.  (43)
eed exactly similar to 42, but capsule iree
furnished with upward-pointing short hairs.

from ridges and

LEGUMINOSE—Pea Family.

Melilotus ﬂﬁiﬂirmﬁs——Yﬂllnw gweet Clover. (44) :
nning three-

2 mm. Oval with distinct radicle at edge runt
adicle tip slightly out-

quarters the length of cotyledons, *
turned. Surface smooth but distinctly dull, dirty ochreous 0L
illa-like smell and ch

grt:ﬂnish-yellﬂw. Van aracteristic tastc of

coumarin.

M. alba—White Sweet Clover.
» mm. Similar in shape, smell, and taste to 4

slightly rough or scabrid.

4, but surface
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Trifolium glurnamium—-(llustered Clover. iy
1—1+5 M. Oval or heart-shaped, Pﬂlﬂ: ygllmxv, similar general
appearance to T. repens, but the testa 1s distinctly dull and undey

the lens minutely warted.

T. procumbens—Prostrate Clover. AR

1-5 mm. Oval, smooth 1n qutlme, very faint indication of
radicle position, very highly polished, straw or sulphur or honey
or butterscotch-yellow or olive or brown with purplish tinge,
Closely similar to 7. minus. Withered flowers each enclosing
one seed often present.

Vicia spp.—Vetches. _

In general appearance resembling small peas, often flattened
or compressed to a squarish form, some lenticular. Colours
light grey, greenish-grey or brownish-grey, often mottled with
darker-coloured blotches, hilum distinct and in most elongated.
Several species are met with fairly frequently, but generally not
in serious amount.

V. angustifolia. (45)

12 mm. Mottled, hilum rather short (1 mm.).
V. cracca. (46)

g mm. Mottled, hilum longer (3 mm.).
V. hirsuta.

25 mm. Mottled, slight polish, hilum about one-third of
circumference.

V. sepium. (47)
3—4 mm. Usually spotted, hilum very long (8 mm.).
V. tetrasperma.

2 mm. Dark-coloured with very fine spots, hilum about I
mm

Lathyrus pratensis—Meadow Vetchling. (48)

3 mm. Globular or oval, smooth with faint gloss, hilum In
oval specimens about 1-5 mm., colour variable from greenish-
yellow to brown or olive, often blotched with darker colours.

Arthrolobium scorpioides. (49)

4 mm. Flattened sausage-shape, usually slightly curved,
longitudinal ridge down flat side{j_small hi‘{um gi.n Y:rnidcllf:: of
outcurved edge, smooth, dull, reddish-brown.

ROSACEZ—Rose Family,

Poterium sanguisorba ef muricatum—RBurnets.

4'5 mm. Fruit. Spindle-sha : in

: : : ped outline, quadrangular !

:E;:-Lﬂnf' blunt irregular wings down the four e%lges with a net-
ol irregular deep pits and ridges on surface between wings:

Light g
begcﬂnF;igzg brown colour. More than one true sced may

(50)
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Rosa pratincola—Prairie Rose. (51)

mm. Pointed oval, woody texture, pale woody-
cn?nur, smooth with slight polish. P oody-brown

Potentilla monspeliensis. (52)

1+5 mm. Oval or fat comma- or unbalanced kidney-shape
fan of irregular low ridges on testa, pale-straw or uld-ha}:
colour.

onacrACEE—Willow Herb Family.

(Enothera biennis—Evening Primrose.

-5 mm. Very variable irregular polyhedral shapes with
sharp edges, surface granular and dull, varying shades of
reddish-brown.

LyTHRACEZ—Loosestrife Family.

Lythrum hyssopifolium—Hyssop-leaved Loosestrife. (54)
Usually in the form of pods or broken pieces of pods, cylindri-

cal, narrow (1 mm.), with longitudinal suture, containing one or

more small (0-7 mm.), oval, flattened seeds, smooth, pale-brown.

uMBELLIFEREZ—Carrot Family.

Numerous representatives of this very large natural order
occur in small amounts. The nature of umbelliferous fruits
has been discussed earlier (p. 84). In the following notes
upon a selection of species, the descriptions refer to ripe half-
fruits, as they occur in threshed samples.

Aprium graveolens—Wild Celery.
1’5 mm. See description of celery seed, p- 85.

Contum maculatum—Hemlock. (55) . . f
2 mm. Oval with 5 wayy wings on ridges. Dirty-yellow

colour, wings lighter. Poisonous.

Athusa Cynapium—Fools’ Parsley. (56) ;
4 mm. Broadly-oval with small abrupt sharp point, 5 Very
strong ribs, pale papery-straw colour, two curved orange Or

reddish stripes on inner (flat) side.

Daucus carota—Wild Carrot.
See description of carrot, p. 84.
rubbed off in commercial samples.

Caucalis spp.—Rough Chervils. : :
2°5 mﬂ?p Pear-shape with lnngitudinal furrow on 1nner side,

]rt‘j ™ . ] ' brist—lcs’
& , '

The spines are usually
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Bupleurum rotundifolium—Hare’s Ear.  (57)
25 mm. Long oval, tapering to truncated snout, may he

slightly bent, 10 longitudinal ribs, colour dark brown, brownp.
purple or nearly black, granular, dull.

rupiAcEE—Madder Family.

' rine—Cleavers. 8
Gaéu::if?a Fruit. Nearly slg?mz'ical with one ﬂgttishi side where
a deep circular pit appears, surface covered with pimples each
bearing a strong hooked bristle, colour dirty-grey. (Bristles
may be rubbed off.)

G. mollugo and G. verum are similar in general form, smaller, and
usually rubbed.

Sherardia arvensis—Field Madder. (59) . .

g mm, Oval, furrowed longitudinally like a wheat grain,
apex carrying a coronet of triangular horn-like lobes, colour
dark grey with a covering of short white stiff hairs on body and
coronet.,

VALERIANACEZ— Valerian Family.

Valerianella spp. Cornsalad. (69)

2 mm. Oval or flask-shaped, flattened one side, peripheral
ridge may be warted, coloured shades of brown.

coMPOSITEZ—Daisy Family.

Most seeds of this order are elongated, usually narrower al
base than at apex, often ribbed, often angular in cross-section
and bearing a collar, a coronet or a pappus *’ (paint brush or
sweep’s brush) of simple or branched hairs. Composite
s the largest of the natural orders, and a great variety of its

representatives occur as weeds in all parts of the world. The
so-called seed is really a fruit,

(@) Ribbed type without hairy pappus.

Chrysanthemum Izucantkemum—ﬁOx-eyc Daisy. (61)

2 mm. Tapered, often with apical knob-like protuberance,

dark grey or nearly black body with 10 nearly white ribs,
silvery appearance in the mass,

C. segetum—Gilgowan, Corn Marigold. (62)

2 mm. Corn-cob shaped, apex depressed with central
Ermcal pumple, 10 rounded ribs, gEnEI‘EIlJl colour yellow-greys
rows lighter. Specimens from the periphery J the flower

head show a pair of opposite ribs pronounced and edged.
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Matricaria inodora—Scentless Mayweed. (63)

o mm. Square section, tfg)ered, collared, four whitish blunt
ribs at angles, side panels dark brown or black, granular of
surface.

Anthemis cotula—Stinking Mayweed. (64)

15 mm. Short tapered, resembling a wine stopper in form

ribs serrated with rows of warts, blunt conical protuberance at

apex, or both base and apex, central axis often slightly curved
dead-straw colour, or dirty-grey. )

A. arvensis—Corn Chamomile. (65)
1.5 mm. Similar in outline to 64, with apical pimple, but
ribs not warted, hay or straw colour.

Achillea millefolium—Yarrow. (66)

1'5 mim. Flattened, edge ribs often approaching wings, these
and other ridges whitish, body chocolate. Yarrow 1s occasion-
ally used in herbage mixtures.

Gichorium Intybus—Chicory. (67)

g mm. See description, p. 101.

(b) Ribbed type with pappus, but N.B., pappus very often
missing in threshed seed.

Senecio vulgaris—Groundsel. (68)

2'5 mm. Narrow, often rather shrivelled looking, abruptly
tapered towards base, pappus commonly missing and apex flat or
cupped, greyish-yellow with darker furrows, hairy with short
white hairs.

S. Jacobea—Ragwort. (69) | |

-5 mm. Cylindrical or slightly tapered, axis often slightly
curved, smooth with very fine ribs carrying short white hairs,
apex usually flat or slightly hollow (pappus missing), colour

strawy.

Picris hieracioides—Hawkweed Ox-tongue. (70) e Tt
35 mm, Shape like a tapered flattened sausage, ax1s usualty

curved, longitudinal ribs low, double aqd serrated, 11}tﬂrvenﬁ§‘;g

panels transversely ridged, strong dark rich brown, dirty-wiite

pappus of feathered hairs may be present.

P. echioides (Helminthia)—Ox-tongue. (80a). .
3'5 mm, Taperﬂd,)sausagﬂ form, of pﬂlYgﬂnﬂl CIESS'SE"EEE’
transverse ribs becoming prominent at ape sharp REh

orange-yellow, pappus feathered.

Hypocheris radicata—Catsear. (71 ; :

10 mm. or thereabouts, lﬂn(g?th) varying with pﬂ?pm}m;lg;lj
stylar beak remaining, feathery pappus .and TS S |
usually broken off, spindle-shaped, slendet ridges
very dark brown.
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Sonchus arvensis—Creeping or Corn or Perenni

3'5-4 mm. Tapered sausage-shape
serrated ribs, and transverse ridges
rich brown colour.

S. asper—Prickly Sowthistle. (72).

25 mm. Flat, snowshoe-shaped, three ribs each si
from edge ribs, Intervening panels smooth

5. oleraceus—Common Sowthistle. (73)
As 72, but panels transversely ridged.

Crepis virens—Smooth Crepis.  (74)

2 mm. Short sausage-shaped, axis curved, 10 ribs strongly

developed, no beak, hay colour, pappus when present white and
not feathered.

Lapsana communis—Nipplewort. (75)

4 mm. Narrow club-shaped, axis curved, ribs narrow, often
» Smooth somewhat shining surface, pale strawy
colour,

Scure, pappus usually gone. The thistles
form a group here,

Chicus arvensis—Creeping Thistle. (76)

3:5 mm. Slightly tapered short club-shape, smooth, Fnliﬂhﬂd;

axis bent aside near apex, distinct collar and apical nipple,
neutral brown coloyr,

C. lancea!atus——Spear Plume Thist]e.

3'5 mm, Gﬁnerally 8] (77)

76, but less tapered, whiter,
udinal striations, nipple small.

obscurely striated with pappus.
Centaureq Cyanus—Cornflower. : (78) i

3 mm. (without Pappus), short thick club-shape distinctly
i ghing . et S8, crovnd by Tk e

: a = paimnt-brush ’ . )
bluish- or grey-tinged white abo oy L R A

ribs, ve, with fine white longitudinal

crown of fewer and sho . 10 78, but with Jess prominent

L

3 mm. General shape Eﬁrl_can Rﬂgwcf:;d‘ (80)

like, stoy 1cal snout
of Ubward noot " t apical

Projections below snout,
and surface veins, d ish-
ts oily (crush), Bl graonis

ribs
Erey or grey-brown, conten
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Many other composites will be met with. They can usually
be referred to their order, or even genus, by family resemblance.

oampANULACEZE—Canterbury Bell Family.

Seeds of Campanula spp. or Specularia spp. may occasionally
be met. They are usually tiny (¢. % mm.) treacle- or toflee-

brown and very highly polished.

PRIMULACEZ—Primrose Family.

Anagallis arvensis—Scarlet Pimpernel. (81)
1 mm. Irregular shape, commonly tetragonal with slightly

curved faces, roughly granular, dark brown or reddish-sepia
colour.

CONVOLVULACEZ —Bindweed Family.

Cuscuta Trifolii et spp.—Large- and Small-seeded Dodder. (82)
> mm. or 1 mm. Irregularly-globular or squat pear-shape,
often with two somewhat flattened faces, slightly rough surface
(like cheese-rind), colour ochreous or grey-yellow, or dirty dar_k-
grey, with a circular or elliptical lighter patch. Easily muis-
taken for a fragment of soil (crush). Parasitic on legumes an

some other crops.

C. Epilinum—TFlax Dodder. (83)
15 mm, Similar to 82, usually of the ochreous type and

commonly met with in united pairs.

Convolpulus arvensis—Lesser Bindweed. (84) o
4'5 mm. Pot-bellied flask-shape, fAattened on two SIAES

which meet in a straight bull-nosed ridge, dull warty surface,
sooty black.

BORAGINACEZ—Forget-me-not Family.
Myosotis arvensis ét spp.—Forget-me-not. (85)
1. tmm. Ovate or tear-drop shape, Pﬂlﬂ'}ilﬂd ”{"ﬂﬁ E;:;ﬂci
somewhat flattened, recurved rim, Jet black when T11p

highly polished.

Lithospermum arvense—Gromwell. (86)
3 5pnun. Pear-shape with two flattened smooth faces afldrin
outer warty curved curface, upper end flat, colour neutral grey

(dry soil colour), with whitish end surface.

. P S
Echium vulgare—V1per s Bugioee tr.::-( gg, but with more rugged

= mm. Generally similar
ﬂp%t?arancc, sharper angles and rougher warts, dark brown.
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OROBANCHACEZ—DBroom-rape Family,

Orobanche minor—Lesser Broom-rape.

Microscopically small seeds (0'25 mm.), sooty black, kidney-
shaped and reticulately-pitted like poppy seeds.

SCROPHULARINEE—Foxglove Family.

Linaria spuria—Round-leaved Toadflax. (88)
1 mm. Oval, surface thrown into very characteristic strong
ridges and pits suggesting a rubber sponge, colour dark brown.

L. Elantine—Pointed Toadflax.
Similar to 88, but half as large again.

Veronica spp.—Speedwells.

0'5-3 mm. Oval, globular or pear-shaped, corrugated, a
depression on one side varying from a shallow hollow to a deep
wide pit in different species, colour yellow, texture waxy.

Euphrasia officinalis—Eyebright. (8q)
. I'5 mm. Oblong or spindle-shaped, general resemblance to
timothy but flattened and often twisted, clear narrow longi-

tudinal white ribs, dark brown between. ~Partially parasitic on
grass roots.

Barisia odontites—Red Bartsia. (o)

I'5 mm. Very similar to Euphrasia, but uniform whitish

colour and with fine transverse striations between the longi-
tudinal ribs. Partially parasitic on grass.

Rhananthus Crista-galli—Yellow Rattle. (91)

45 mm. Kidney-shaped outline, flat, broadly winged,
ghlckene:d central disc olive or brown, wing papery and yellow-
ish or dirty-white. Partial parasite on grass.

LABIATZE,

= Seeds ”?

: are quadrant portions of fruit, and have two flat
sides meet

: gaha I‘ight Hngle and one rounded surface.
Salvia Spp.—Sages. (92)

Oval or very broad]

: Ly Y pear-shaped, dull, curved outer surface
veined or warty or granular, brcrl:vns and jgrﬂ;:f: g 2
Nepeta Cataria—Catmint.

I'5 mm. Oval outline, dui] finel k
» dull, anular under lens, dar
i?r g;ﬂ Ecarly black, a pair of whi";;egrmnuﬂtache-shaped scars

Prunella vulgaris—Self-heal. (94)
I min, : . p
gﬂn;gl culnuravﬁ-’i TAPEring to white basal point, smooth,

. ght old-ha b ; : {
slightl - Y brown. Scored with pairs 0
esdgﬁﬁ.y curved darker lines down centre of rounded side and

/
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Galeopsis tetrahit et ladamun—Hemp Nettles. (95)
g I, Pear-shaped, mottled greys and browns, surface

scurfy, oily (crush).
Teucrium spp.—wWoodsages. (gb)

-2 mm., Ovate, more or less pointed, netted or pitted on
rounded surfaces, brown shades.

VERBENACGEZ—Vervain Family.
Verbena spp.— V €rvains. (97, 974)

2 mm. Oblong, ends rounded, one side flattened or keeled
and creamy colour flecked with white, outer rounded side

brown, smooth, with sharp longitudinal branching ribs.

PLANTAGINEZE—Plantain family.

(a) Dug-out canoe-shaped types.
Plantago lanceolata—Ribgrass. (98)
2:5 mm. From suggestive of a date stone, ““ sunwale ” Ed%ﬁﬂ
on hollow side rounded, scar in centre of hollow, colour treacie-
brown with lighter strip down centre of round side, texture

horny, gummy if wet.

P. aristata—Bracted Plantain. (99)
More clean cut, ** gunwale ” edges square,
equatorial round-bottomed groove across IO

smoky purple-brown.

scar a pair of pits,
und side, colour

(b) Irregular polyhedral tpe.
P. major—Broad Plantain. (100) ' :
; mm. Wedge, spindle or irregular outline, raised towards

centre one side, slightly rounded other side, scar o1 raised side

with very fine ridges radiating from it visible under lens, colour

dull brown, horny.

P. rugelii—Rugel’s Plantain. (101)
o mm. Similar in form to 100 but darker colour (nearly

black), and, while rough, not definitely netted with ridges.

AMAR.&NTHACEE——LGVE-HES-blﬂeding Family.

Amaranthus reiro exus—Pigweed. (102) pL 2
1 Imim. Outf{fne nearly circular but with I‘E':’Ldlclﬂ t‘ap projecting
slightly in a shallow nﬂtc‘{l , biconvex, edge thin anc_l turned up

forming a shallow channel round the seed, colour jet black when

ripe, highly polished.

EHENGPODI!&GEtE-—*BEEtTDE}t Family.

h dium album—Fat hen. (103)
< itlgpir:::]. Circular, flattened, edges rounded (shape of a
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Dutch cheese) with radicle tip projecting slightly.  Colour black
if ripe, shining if naked. Often parually enclosed in white
papery 5-partite husk.

Atriplex spp.—Oraches. (104)
25 mm. Naked seeds similar to 103 but larger, more
granular surfaced, less uniform black and often found (on edge)

within the dry flower, consisting of two three-toothed leaves
applied face to face.

Salsola kali—Russian Thistle. (105)
1-5 mm. Yellowish or dirty-grey if naked. Shape suggestive
of a pudding in a basin, apical beak. Often enclosed in a coni-

cal, ragged, papery husk.

POLYGONACEZ—Dock Family.

Seeds of this order described are all glossy, some highly so,
if naked, but part or all of the floral envelope 1s often present
investing the seed, papery, light, or red-brown, wrinkled.

(@) Triangular-section, pointed spindle types.

Rumex obtusifolius—Broad Dock. (106)

2 mm, One end a little more tapered than the other, colour
chestnut to dark brown, polished.

R. crispus—Curled Dock. (107)

I'5-2 mm. As 106, but difference in taper of two ends a
shade more marked, more flask-shaped, and commonly smaller.

R. Acetosa—Common Sorrel.  (108)

I'5—2 mm. Similar to 106 but taper equal at two ends, No
“* flask neck,” darker rich

d er colour, often whitish towards one
end.

R. Acetosella—Sheep’s Sorrel. (109}

I mm. Very broad short spi ; apered at
ends, light tnrglar}; ort spindle form, equally tape

b ' ' 0
husk very common. rown, polished if naked but presence

Polygonum Convolvulus—Black B;

’ indweed, 110
rﬂgr?d?dmmi?ﬁlf ¢€qual taper at ends, (cdggs of spindle well
brown husk at ba,g; Eﬂ’ smooth ; fragments of adherent grey o

| mmon; pearly if skinned.
P. aviculare—Knotgrass, (111)

25 mm. Distinct] | t
point, finely granular;]?}le‘ﬂ taper at apex than at base, blun

: 6% Ce rﬂddiSh-b ] br’tEal 511{]11[
giving a " bell E S Sk rown colour, be ;
adhcging at bEEE_WE outline, fragments of hus]; commonly
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(b) Flattened flask-shaped type.

p. Persicaria—Redshank. (112)
o mm. Fat tear-drop outline, one side slightly bowed, the

other with large rounded median longitudinal ridge, black
shining; fragments of grey or whitish adherent husk ;;gmmﬂn:

may have short pointed basal snout.

P. hydropiper—Water Pepper. (112a)
1'5—-2 mm. Narrower form than 112, grey or brown.

urTicACEZE—Nettle Family.
Urtica dioica—Stinging Nettle. (113)
. mm. Broadly oval, slightly more tapered at apex than
base, short point both ends, greenish-yellow colour if naked,
finely granular surface; fragments 1::nly withered flower often

present.

EUPHORBIAGEZ—Spurge Family.

Euphorbia spp.—SPUrges. (114, 114a)
-2 mm. Shaped like very fat orange sections, somewhat
thicker at upper end than lower, warty granular or pitted

surface, colour yellowish, bluish, brown, or grey.

JuNcAcEZ—Rush Family.

Funcus spp.—Rushes. (115)
Less than o5 mm. Tiny spindle-shaped seeds of orange-

yellow colour, translucent {n texture. Will not germinate till
April of year following harvest.

aYPERACEZ—Sedge Family.
o | ot : .
cirpus spp., Garex Spp eses d, rounded oOrf triangular 1n

9—-5 mm. Fruits flask-shaped, _ B
section, often snouted at base and drawn out into a ne

apex, may be hairy, col

GRAMINEZE—Grass Family. : I
: ier
See general characters of grass seeds ”’ described 1 €ar

crop-seed section (p. 86).
Panicum sanguinale—Crab Grass. (117)

3 mm. Whole spikelet with 0 Canoe-shaped, five
longitudinal ribs on flatter side, sm
rounded side, short woolly hairs, gen
awn, (P. crus-galli is awned.)



116

Farm and Garden Seeds

Setaria viridis—Green Foxtail. (118)

2:5 mm. Broad boat-shape, flowering glumes hard and very
closely investing the kernel, five veins on outer, inner shows very
fine transverse lines under lens, colour greenish-yellow.

S. glauca—Yellow Foxtail. (119)

2'5 mm. Similar to 118, but transverse ridging coarser
and colour usually darker. Outer side often has small basal
scale.

Alopecurus agrestis—Black Foxtail.

See p. 92.

A. geniculatus—Knee’d Foxtail.

See p. 92.

Aira flexuosa—Waxy Hairgrass. (120)

g-5s mm. Spindle-shaped, basal tuft of silky hair, basal awn

longer than flowering glumes, papery dark brown glumes (cf.
golden oatgrass which has a dorsal awn and lighter colour).

A. caryophyllea—Silvery Hairgrass. (121)

1'5 mm. Similar in structure to 120, but much smaller,
nearly black and with awn not quite basal.

Holcus lanatus—Yorkshire Fog. (122)

4 mm. Spikelet. Flattened, outer (empty) glumes strongly
keeled, thin, papery, nearly white or with violet tinge, surface

finely pimpled under lens, keels with forward-pointing short
hairs, hooked awn scarcely projecting beyond notched mouth
of glumes, If “shelled ” out of empty glumes, silvery grey,
lopsided flask-shape, 2 mm., shining, no hair, oily (crush).

H. mollis—Creeping Soft Grass. (123)

As 122, but more pronounced and less hooked awn.

Agropyrum repens—Couch Grass. (124)

10 mm. Resembles ryegrass, with short stiff awn, outer
flowering glume 7-nerve

, flat usually slightly hairy rachilla,
hay colour, usually no kernel. Several unseparated florets often
occur in a piece.,

Lolium temulentum—Darnel, (125)

ba?lemm' _SWEllen pﬂat-shapt:, rather suggestive of a small
ra na

Pgisﬂigug_m’ short stiff awn, smooth flat wedge-shaped rachilla.

Bromus mollis—Soft Brome. (126)

ﬂﬂBw Er;;m. %nﬂattd boat-shape, broader towards top, outer

i ?%fg ume 3-nerved, apex notched and often toothed,
Sttt awn arising at notch, inner flowering glume semi-

transparent and frin A

. ged on ed 1as
brown, rachilla round and bgng'ﬁéciigg chocolate or purpic
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FIGS. 54.75 54 ifolium. 55—Conium _Mmac en-
Eynapi“m‘ 57— Bu Il-gﬁtﬂz*nmrut?:fiﬁgﬂum. 58 Galium aparine. 59—Sherardia ary
E‘ 60-—Valerianella dentata. 6| —Chrysanthemufm Leucanthemufiy 7 cpillea mille-
f’rM“Ticaﬂa inodora, 64—Anthemis cotula. 65—A. arvenss: acobea, 70— Piaris
Iﬁium' 67—Cichorium Intybus. 68—Senecio vulgaris. 69—>3: _}asc leraceus. 74—
tracioides. 71— Hypocharis radicata. 72 Sonchus asper. 73—S. ©

Crepis virens. 75—Lapsana communis.
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FIGS. 76-96.—76—Chnicus
79—C. nigra. 80—

arvensis. 77—C,
U—Ambrosia artemisicefolia.

lanceolatus, 78 - Centaurea BFTT::‘:

gallis arvensis. Bl—('__‘.uscuta Trifolii, 83— . ag:mn}:il,ming;‘_t_aczf.lﬁ':llfflsds arvensis:

5.—Myosotis arvensis. 86—Lithospermum arvense., 87— Echium ilaareiicn

Linarla  spurla, 89—Euphrasia — officinalls, 90-—Bartsia odontites. 91— Rhinanthv®

Crista-galli. 92— Salvia officinalis, 93 epeta Cataria, 94— Pruncila vulgarls: 95—
Gal.ﬁnpsts Tetrahit, 96—-Teur:riur.'n Botrys,






I5—Juncus

peplus. |14a—E. helioscopla:

. : irp maritima, |17 pan: uinale. 18—
Setaria viridis. 1119—s8, Fiauca. 20— Aira flexuosa. I;?Tﬁﬁcai;gghyllea. (22—
Holcus lanatus. 23— Holcys mollis. |24=~Agrupyrum repens. |25  Lolium temu-
lentum. 126—Bromus mollis. 127 g, i il

: IZEHFestuca sciuroides. 1279—
Molinia CErulea,



Crop and Weed Seeds 117

B. arvensis 18 similar to 126.
B. secalinus—Rye-like Brome. (127)

§imilar to 126 but more turgid, the kernel filling the husk
ore completely, and the edges of the outer flowering glume

more inrolled.
Fostuca sciuroides—Rat’s-tail Fescue. (128)

Body of seed 6 mm., awn longer than body, elongated ¢ racing
canoe >’ shape, round backed, “ open ”’ in front, outer flowering
glume only clasping edge of inner towards base, rachilla round
and bent backward, tapering slightly to base, colour dark
purplish-tingﬁd brown.

Molinia cerulea—Purple Moor Grass. (129)

4 mm. Elongated flask-shape, apex keeled and often curved,
smooth outer flowering glume 2-nerved, pointed but without
any awn, long hairy rachilla knobbed at apex, colour grey-

brown or with violet tinge.



Chapter Five

The Seeds Act, 1920.
An Account of its Provisions and

Administration
A. W. MONRO, ca.

(Late Principal in charge of the Commercial and Seeds Branch,
Ministry of Agriculture and Fisheries)

e

H istorical.

date that legislation has

regulating and controllin
seeds in this country,

The first measure of this nature was the Adulteration of
Seeds Act, 1869 (amended by the subsequent Act of 1878),
which made it an offence to sell within the United Kingdom
any killed or dyed seeds, and which thereby dealt with the

€rating parcels of useful seeds by the addition
of dead seeds of

other species, the presence of which would not
be apparent after sowing as they would not germinate. About

the same tim began to take measures, of either

Ure, to control the trade in seeds, so

he outbreak of the First Great War regulations were
continental

It is only of comparatively recent
been enacted with the object of
g the sale of agricultural and garden

e other countries

18 €oncerned, while no further legisla-

. ween 1878 and the carly years of the present
century, various private seed-testing stations were established

In the interests of the trade. Ip 1900, a Departmental Com-
118
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nittee set up by the then Board of Agriculture to inquire into
the conditions ander which agricultural seeds were being sold
in this country, recommended that a seed-testing station should
be set up for the assistance of farmers, but that the trade should

not be further controlled by legislation. In the same year the
first official seed-testing station in the United Kingdom was
established in Ireland and a few years later the Weeds and

Agricultural Seeds Act, 190g, applicable to Ireland only, was
passed giving the Irish Department of Agriculture a certain
—easure of control over the sale of seeds. Early in 1914, the
Board of Agriculture for Scotland established an official seed-
t_esting station, but no legislative control of seeds accompanied

1L,

Although the establishment of an English
been discussed from time to time over 2 period of years, it was
not until the urgent needs of food production during the war

made it imperative to stimulate the production of Crops, that
steps were taken to control the seed supply and to establish an
official testing station. The tendency of official control during
Fhe earlier days of the war was in the direction of assuring and
u"{creasing output, regulating and fixing prices, and requiring
disclosure of quality of the supplies sold. In 1917, however,
the first Testing of Seeds Order was made under the Defence of

the Realm Regulations and an official testing station was set
up in London ! for the purposes of the Order. The Order

?.ctually became operative in January, _., |
in July, 1918, by the Testing of Seeds Order, 1918, which re-

mained 1n Dpcmtign until August I, 1921, when the Seeds Act,

1920, came into force. ;
The main provisions of the Seeds Act, 1920, apply with
necessary modifications equally to Scotland as to Eng.lmd and
Wales, but, as far as [reland 1s concerned, the AcF IS not opera-
tive in the Irish Free State and only certain provisions relating

ffective 1In Northern

to the presence of injurious weed seeds are € sy Do
Ireland, except in respect of crﬂgg-chauncl sales, i.e. sales lrom

Northern Ireland to & purchaser in Great Britain of vice Versa,

when the regulations made under the Act are held to apply.

For convenience of administration it was decided not to
1 Now situate€

d at Cambridge (see pPP- 134 135)-

official station had
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include in the Act complete detail be exer.
cised under it. These details are Incorporated in Regulat
made under the provisions of the Act and are
amendment as may be fiecessary to deal with new
as they may arise. The Regulations at pr
are the Seeds Regulations, 1922, which ¢
August 10, 1922,

The Seeds Act, 1020
measure. Before its j

Capab]e of
conditiong
¢ésent 1n operatiop
ame into force op

ments have been accepted in good part
ell as farmers, and that
récent years with regard
ment of the Regulations
rmed with main principles, but solely with
nging conditions inevitably bring up for

:I'ha S_eed? Act, 1920.1 The preamble to the Act states that
1(s ﬂbject 18 “‘ to amend the Law with respect to the sale and

ng and ., ,', to provide for the testing

thereof.” The Acy 1S, in fact, applicable to all the principal
: , > 8Tass, clover, root, and vegetable seeds,
details of which are specified in the Seeds Regulations, 1922.
nj:al Pl‘iﬂCiplc of the Act 1s embodied in its

» that the object of the Act is not
better quality than that

: = » 10T 10 prohibit the sale of seeds
below Specified minimg, of purity ang germination, but to

this Section t 10ns
ds . o O the A and Regulation
as cllsunct from SC ft e

(see p, ) 31 et seq.), ed Potatoes, which are dealt
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require the celler to disclose certain essential facts that will
enable the purchaser to judge the comparative quality of the
ced he obtains. Apart from a restriction applying to certain
prescribed injurious weed seeds, a person may sell seeds of any
quality, provided that he declares what the quality is.

It may be noted in particular, also, that the Section applies
to “ every person who sells,” i.e. it affects the sale of seeds from
farmer to farmer as well as from seedsman to farmet.

In addition to the delivery of particulars on sale by the
seller to the purchaser, the display of a statement of particulars,
on or in close proximity to the seeds, is required whenever they
are exposed for sale.

Ac far as concerns the actual delivery of a statement to a
purchaser, use is made of the ordinary business methods, 1.€.
the statement must be contained : | a sale note or invoice OF it
must be attached to, inserted 1n, oOr written on, the package
containing the seeds. Where seeds firms issue printed price
lists or catalogues that contain the prascribcd particulars of the
seeds listed therein, they may, if they so desire, make specific

reference to such price list or catalogue in their written state-
ment given on sale. In such circumstances the statement 18

accepted as equivalent tO the declaration of the required
particulars. ‘ Ao
In order to ensurc that partiCu]ars of purity, germination,
etc., shall be reliable, the Act further requires that no seed
scheduled under the Act may be offered for sale 1n this country
unless tested either (1) at one of the official seed-testing stations,

or (2) at some testing st he Minister, Of (3)

ation licensed by th r (3
as regards garden seeds, ¢ 1n any other sufficient mannct. t
should be explaine

d that therc arc three official seed-testing
stations in existence 1n

the United Kingdom, viz. one at
Cambridge (ariginally in Landun),. onc at Belfasfi, ifnﬂ one at
Edinburgh. In 4ddition there arc in Er}g}and an } }::a ;ame
eighty testing stations licensed by the Minister, all of which are

o connected with, individual firms engaged

ar :
the property of, or Further eancd. —ade to the seed-

teating stalEr 57 Pglségglzcggary to safaguard the purchaser
' 1d to him on the strength
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of a declaration based on an olc
that in relation to all sales mad
to July inclusive the test used

August. For sales

e during the i

or the purpo
declaration must have been mad

arden Seeds

test, and it is therefore requireq
nonths of October
se of the statutory

¢ not earlier than the Preceding

made in August or September the test shall
e before August of the previous year,
As regards injurious weed seeds, to which reference has
already been made, the Act not only prohibits the sale or
exposure for sale, but also the sowing of any of the scheduled
seeds that contain more than a certain percentage of the seeds
of the prescribed Injurious weeds,1

The Act provides for the enforcement of its requirement by
enabling the Minister to give duly authorized persons power to
ChLer any premises where seeds to which the Act applies are
sold or exposed for sale OT stored for purposes of sale, and to take
les may be taken without payment and the
owner must on demand deliver to the authorized person taking
the samples a statement containing such particulars as he

would be required to glve to a purchaser. The manner of

taking Statutory samples of seeds is prescribed by the Seeds
Regulatimna, and the ““ control >’

parts, each of which is

not have been mad

On the result of

is completed, a copy of which
ertificate issued b

the sample to be tested both at
Some other officig] testing station. When

tested in thig hanner it is laid down that if
€Sts at the tw

res shall he d
€s of the Act.

that station ang at
further portions are
the results of the t
average of the figy
tests for the Purpos

rrot, York-
"1 percentage permitted is
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al discrepancy between the statement
delivered by the owner of the seed and the result of the official
yost, and if the owner had purchased the seed from some
other person, the former is required to furnish, on demand by
{he Minister, the name and address of the person from whom he

urchased the seed, together with a copy of the statement
delivered to him by the earlier seller. On being approached
by the Minister concerning the discrepancy the said seller has
the same right as the owner to require a second test.

Having prescribed the foregoing general recquirements

anr:i procedure, thﬂ Act includes reference to certain limitations
of its scope. It 1s declared that the Act does not apply to the

sale of seeds under the following conditions :

to purchase them with

[f there is any materi

(a) When sold to a person ““ purposing
a view to cleaning them before they are sold or exposed for sale.”

4 () When the pyrcha_sar At the time of the sale gives the seller
an undertaking in writing that he will before selling or €xpos-

ing the seeds for sale test or cause them to be tested, or that he

ed merchant except on a

will not resell the seeds to a s€
20 (TThis exemption is made to

undertaking by the purchaser.
cover a sale of seeds through a “ string of merchants. It
t to merchant with-

enables such seed to be passed from merchan
out the necessity of a statement containing the prescribed

particulars being delivered in each instance.)
EG) When sold for delivery outside the United Kingdom and
d) When sold for some purpose other than for planting Or

sowing.
, under certain con-

_Mm‘c{wcr, the Act empoO |
ditions, to grant a licence of exemption from the statutory Tc-
The

quirements in respect of the declarat

circumstances under which su
Seeds Regulations 1922,

are indicated in the
reference is made theret
Legal proceedings in respect of O
Act can only be instituted by the Mllms
heard at a court of summary jurisdu:tmn.

Ha eatdithat if any PErEO8

o on p. 130
f offences under the Seeds

ter, and each case 1S
In general, it may

:th or acts In contravention of any

(a) fail

pruvisiﬂn 0
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(b) makes or causes to be made any statement required
under the Act which is false in a materia] particular, or

(¢) obstructs or impedes in the exercise of his duties g

person authorized to enter any premises for the purpose of the
Act,

he is liable on summary conviction to a fine not
£5, in the case of the first offenc

second or subsequent offence. As regards () there is a safe.
guarding clause which exempts from conviction any person
who is able to prove that the particulars alleged to be false
were ascertained on a test of the seeds made
the provisions of the Act, or, as
percentages, that the actual
stated percentages by
variation. These limj
Schedule of the Seeds

The heaviest penal

exceeding
€, and £10 in the case of 5

in accordance with
regards purity or germination
percentages do not differ from the
more than certain prescribed limits of
s are set out in detail in the Fifth
Regulations, 1g22.

ties are reserved for any person who
tampers with any sample taken under the Act or who tampers
with any seeds so as to prevent the taking of a properly repre-
sentative sample, or who, with intent to deceive, is responsible
for any sample being sent for testing which to his knowledge
does not Correctly represent the bulk of the seeds. For these
offences there is the penalty, on sSummary conviction, of a fine

not exceeding £20 or imprisonment for a term not exceeding
S$IX months,

(E)ne Section only of the Act bears on the question of civil
claims arsing out of co

| hiracts for the sale of seeds to which the
Act applies. This section safeguards the seller, in the event of
legal | prﬂcf_,edings, by Ing it down that the particulars
contained in g statement delivered to the purchaser in pur-
suance of the Act shall be deemed to be true unless the contrary
15s shown as 3 result of a further test undertaken at the request of
thedpurchaser within ten days of the date of delivery of the
seeds.

- The remaining sections of
of Interpretation
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The Seeds Regulations, 1922.) The Seeds Regulations,
1022, specify in detail the kinds of seeds to which the pro-

Jisions of the main Act apply. The seeds arc as follows:

(a) Grass and clover seeds of the following kinds (under
whatever trade names sold) except where sold or exposed for
sale for a purpose other than an agricultural purpose:

Perennial Ryegrass Alsike Clover
Jtalian Ryegrass White Clover
Meadow Fescue Crimson Clover

Cockstoot Trefoil
Crested Dogstail Lucerne
Timothy Sainfoin
Red Clover

() Cereal seeds of the following kinds:
Wheat Oats
Barley Rye

(¢) Field seeds of the following kinds:
s Field Cabbage Field Peas

Tares or Vetche
Field Turnip Field Kale Field Beans
Swede Field Kohl Rabi Sugar Beet
Rape Mangold
(d) Garden seeds of the following kinds :
Peas Brussels Sprouts
Dwarf and Broad Beans Broccoll
Runner Beans Cauliflower
Garden Turnip Carrot
Garden Cabbage Parsnip
Garden Kale Beet
Onion

Garden Kohl Rabi

Garden Swede

(¢) Flax seed and linseed.
(f) Forest tree seeds of the following kinds:

P
Coniferous: ., . 1,

Austrian Pin€, L% ac,
Clorsican Pine inus Laricto, :}1]15) 2
an Larch rix europ@a; .=
ki e Larch, J Isptﬂlgpz.f Endl.
! tive 1n England and Wales
Y
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(6) makes or causes to b
under the Act which is false ;

(¢) obstructs or impedes

in the exercise of his duties ap
person authorized to enter any premises for the Purpose of the
Act,

he is liable on summary convicti
45, 1n the case of the first offenc
second or subsequent offence.
guarding clause which exemp
who is able to prove that the
were ascertained on a test of the

the provisions of the Act, or, as regards purity or germination
percentages, that the actual percentages do not differ from the
Stated percentages by more than certain prescribed limits of

variation. These limits are st out i1n detail in the Fifth
Schedule of the Seeds Regulations, 1922,

penalties are reserved for any person who

on to a fine not exceeding
¢, and £10 in the case of 3
As regards (b) there is a safe.
ts from conviction any person
particulars alleged to be false
seeds made in accordance with

ve, responsible
for any sample being sent for testing which to his knowledge
does not correctly

fepresent the bulk of the seeds. For these
offences there is the penalty, on summary conviction, of a fine
not exceeding £,20 or Imprisonment for a term not exceeding
SIX months.

on the question of civil

: . acts for the sale of seeds to which the
o oPplles, This section safeguards the seller, in the event of

to the purchaser in pur-
be true unless the contrary
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The Seeds Begulatinns, 1922, The Seeds Regulations
1922, specify 1n Idetail the kinds of seeds to which the pm:
visions of the main Act apply. The seeds are as follows:

(a) Grass and clover seeds of the following kind
whatever trade names sold) except where snldgnr lgx;ﬂs(:c? {};11:
sale for a purpose other than an agricultural purpose:

Perennial Ryegrass Alsike Clover
[talian Ryegrass White Clover
Meadow Fescue Crimson Clover
Cocksfoot Trefoil
Cyested Dogstail Lucerne
Timothy Sainfoin
Red Clover

(b) Cereal seeds of the following kinds:
Wheat Oats
Barley Rye

(¢) Field seeds of the following kinds:
Tares or Vetches Field Cabbage Field Peas

Field Turnip Field Kale Field Beans
Swede Field Kohl Rabi Sugar Beet
Rape Mangold

(d) Garden seeds of the following kinds:
Peas Brussels Sprouts

Dwarf and Broad Beans Broccoli

Runner Beans Cauliflower
Garden Turnip Carrot
Garden Cabbage Parsnip
Garden Kale : Beet
Garden Kohl Rab1 Onion
Garden Swede
(¢) Flax seed and linseed.
f the following kinds:

(f) Forest trec seeds 0

Coniferous. 2o
Scots Pine, Pins silvestris, 1o

Austrian Pine,
Clorsican Pine, iy
2gropean Larcil, = a, D.L.
_]f;par?esc Larch, Larix lepto epis Endl.

are operative in England and Wales

1 The Seeds RCH‘JIE‘H““.E’ ;gnﬂ,n: also made by the Department of

¥ Sl €
only, but sp et rilg;r]éunafd wthc Ministry of Agriculture, Northern

ﬁgﬂrli‘::;ﬁtt;r;cmfgzricgm Hand and Northern Ireland respectively.
)

Pinus austriaca, Hoess.
Pinus Larico, Poir.
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Douglas Fir (Oregon or green Douglas), Pseudotsugq
Douglasii, Carr.

Douglas Fir (Colorado or blue
Douglasii, var. glauca, Hort.

Norway Spruce, Picea excelsa, L.

Menzies or Sitka Spruce, Picea Menziesii, Carr.,

Silver Fir, Abies pectinata, D.C.

Silver Fir (grand), Abies grandis, Lindl.

Hemlock Spruce, Tsuga Mertensiana, Carr.

Red or Canoe Cedar, Thuya gigantea, Nutt. (syn. plicata,
Don. or syn. Lobbii, Hort.).

Broadleaved.

Common Oak (Sessile), Quercus sessiliflora, Salisb.

Common Qak (Pedunculate), Quercus pedunculata, Ehrh.
Beech, Fagus sylvatica, 1.

Ash, Fraxinus excelsior, L.

Douglas), Pseudotsugq

The particulars that must be stated
e€xposure for sale vary to

seed, but there are, br
ViZ :—

in the event of sale or
some extent according to the kind of
oadly speaking, five essential items,

(1) the name and address of the seller,

(2) a statement that the seeds have been tested in accordance

with the provisions of the Act,
(3) the kind of seed,

(4) the percentage of purity (except for cereals), and
(5) the percentage of ger

mination.
are required with some seeds;

il oy clover, white clover, crimson
Clﬂvﬂr: and samﬁ:nn, the diEtiHE

: tive name of the variety must
be stated, or if lety is not known, or the stock is mixed,
: effect. The country of origin—
4 MOSt important detail—hag to be declared in respect of grass
dd linseed, and forest tree seedsi‘
the specified Injurious weed s i thl?‘ Eril Ip ;I;:Crezzigefoteéigfjifteis

' Was appreciated when the regula-
nconvenient, and would
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germination were required in every instance. By reference,
therefore, to certain specified purity percentages and to what
are termed the ¢ authorized minimum percentages of germina-
tion,” set out in the first four Schedules to the Regulations, it is

permissible, where so indicated in the Regulations, to make a
general declaration to satisfy the Act’s requirements.

As, however, confusion may well result from any attempt to
deal comprehensively with the various provisions contained In
the Regulations, the tabular statement and notes on pp. 127-
128 are given, setting out the details in convenient form. The
mark ( X ) opposite any kind of seed indicates that the particulars
set.out in the heading have to be declared on sale of the seed in

Great Britain.
[n addition to the foregoing, special provisions have been

made to meet the needs of the packet trade.  As regards packets
of peas and beans (not exceeding 2 1b.) or of any other garden
seeds (not exceeding 8 oz.) the requirements indicated above do
not apply if the following particulars are stated on the packet:—

(1) name and address of seller ; &2) that the seeds have been
tested in accordance with the Seeds Act, 1920 (3) kind of seed ;

ercentage of purity if below 97 per cent (go per centin the
s ag) . (5 pcrgentage of germination, provided that if

case of carrot . . _
such is at or above the minimuin percentage specified in the
Regulations a statment 10 that effect is sufhicient; and (6) the

season in which the seeds were packeted.

In view of the importance attaching to the

results of tests of seed it 18 clearly essential that, as far as pﬂssil::tlc,
every sample taken for testing should be truly respresentative
of the bulk from which it is drawn. 'I:::} this end the Regulati?ns
contain specific instructions anccrmng_ the manner 1in which
samples must be taken. Simﬂal'ly,_rfaqulrc1nents are laid down
as to the minimum weight or qu:antmcs of san_lplﬂs, according to
the kind of seed, as it is essential that sufficient seeds shall be

included to enable the testing station to make an _adﬁquate and
reliable test. It is not necessary to give full details here, but a
1o with sampling and the size of samples

on application to the Secretary,
qlture and Fisheries, 10 Whitehall Place,

See, however, p. 57 €t s€q., and p. 137.)

Sampling.

may be obt ;
Ministry of AgriC
London, S:-W.I. (
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Licence of Exemption. Reference has been made On p, 194
to the licence of exemption, and in the Regulations it is Jajq
down that such a licence may be granted in any instance in
which the Minister is satisfied that the circumstances are such
that compliance with the requirements as regards declaratiop
of particulars on sale or exposure for the sale cannot reasonably
be enforced.

T'wo uses of this provision call for mention :—

(1) In order to avoid delay in the delivery of new seed
corn urgently required for sowing, a general licence has been
issued by virtue of which the particulars to be declared in
respect of seed wheat, barley, oats, or rye may be delivered to
the purchaser within one month of the sale instead of at or
before the time of sale or delivery, as is normally required.
This concession applies only to cereal seeds sold up to April 30
of the year following that in which they were harvested.

(3) The Forestry Commission occasionally imports from
abroad consignments of forest tree seeds for sale in this country.
Again with the object of avoiding delay in sowing while the
necessary test 1s being undertaken at the Official Seed-Testing
Station, the Minister has, on application reccived from the
Forestry Commission, customarily issued a licence in accordance
with the regulations exempting the Commission from com-

pliance with the requirement to deliver particulars on or before
sale or delivery.

at exemption licences are rarely
. Y to meet exceptional circumstances.

Definitions, ete, The Regulations further include definitions
of certain terms, viz. purity, Impurities, percentage of purity,
percentage of germination, ag used for the purposes of the Act.
It is also laid down that when a sample of one of the scheduled
grass and clover seeds contains more than 15 per cent by weight

of other seeds (not being weed seeds) the sample shall be deemed
to be a mixture.

Crcentages of germination and the
has already been made,
he Official Seed-Testing
t use for the purpose of
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reporting the result of a test of a sample drawn by a duly
quthorized person.

The Seeds Act and Regulations in Respect of Seed Potatoes.
The main principles of the Seed Act, 1920, relate equally
to the sale of seeds and seed potatocs. The requirements
to deliver particulars on sale; the necessity for declaring
particulars on exposure for sale; the power of entry for the
purpose of taking samples; the non-application of the Act to
sales for delivery outside the United Kingdom or for use other
than for sowing or planting; the power of granting exemption ;
the penalties for infringement of the Act—these all cover trans-
actions in seed potatoes.

There are certain provisions in respect of sales of seeds that
do not apply to seed pﬂtatﬂes——principally those relating to
tests—and, on the other hand, special legislation has been
passed to deal with seed potatoes only.

Experience of the operation of the Seeds Act, 1920, revealed
the fact that misstatements as to the variety of seed potatoes
frequently did not come tO licht until more than six months
after the sale of the seed. S legal proceedings under the Act
have to be instituted within six months of the date of the offence

it was considered desirable, by means of an amending Act, to
extend to twelve months the PEI‘iGd for taking prnceedmgs in

respect of a false statement as to class or variety of seed potatoes.
The Seeds (Amendmﬂnt) Act, 1925, was therefore passed to

deal solely with this particulﬂ.r point.
1922, these were sub-

As regards the Seeds Regulations, '
sequently amended by the Seeds (Amendment) Regulations,

1935, which revised the former classification for seed potatoes
and ijntmduccd additjﬂnal classes in respect of hlgh-gra.de. seed

potatoes prﬂdUCEd in England and Wales. Apart frmrl .thﬂ
alteration of [;Iﬂgsiﬁﬂﬂ.tiﬂﬂ, however, tl}EI*E has been no varlaftmn
of the main requirements contained 1n Ehc Seeds Regullaunns,
1022 which prescribe that the following particulars. it
be d::::lared on Sa for sale of seed potatoes.—

‘yx sellers are also required to state the
L T aGEUtOY the Wart Disease of Potatoes Order

number of the ©
of 1923.

le or exposurc

e Pﬂrticulars,
flicial certificate under
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1) the namie and address of the seller,
2) the class of the seed,
3) the variety, and

4) the * size and dressing.”

Instead of the original four classes, however,

. there are now
s1x classes as follows :—

Class 1 (Scotch)—potatoes grown in Scotland.

Class 1 (Irish) potatoes grown in Ireland.

[potatoes grown in England
Class 1 (English Special Stock) [ 2nd i W-‘ilﬂs tﬂ?gpecti»}ﬂiy

: + " under the provisions of a
Class 1 (Welsh Special Stock) | of a scheme authorized by
(the Minister.”’

Class 1 (English once-grown)—potatoes grown in England
and Wales which are (a) the
roduce of seed grown in Scot-
Fam:l or Ireland in the preced-
ing year, or (b) the produce
of seed included in the Special
Stock classes in the preced-
ing year, such produce not
being grown in accordance
with a scheme authorized by
the Minister.

Class 2—all othey potatoes,

As regards variety, this is not held to be incorrectly stated it
at IEE}St 97 per cent of the total quantity sold or exposed for
SBJ.E 18 true to the variety declared. If the potatoes are of
mliiﬂd: varicties a statement to that effect is sufficient.

Size and dressing » i defined as meaning the size of the
mesh (exclusive of the thickness of the wire) of the riddles

through and by which, respectively, the potatoes may be passed

anr.:l_reta,med._ I'f' potatoes are sold ¢ a4 grown,”” and with that
written description, it is :

: unnecessary to make reference to the
size of the mesh of the top riddle. if

ion and Enforcement The Ministry

of Agriculture and Fisheries is ch ' : A i
- arged w I on

and enforcement of th 5°€ With the administrati



. The Seeds Act 19205 4 133
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and is also able to call upon the services a number of In-

spectors in all parts of the country. |

During the first few years of the Act’s operation a considerable
amount of attention was naturally given to educational work
among both seedsmen and farmers. Particulatly was the
Ministry concerned to 1mpress upon growers the importance
of good seed and the value of the safeguards and facilities
available under the Act. By means of lectures by inspectors
and agricultural aducation staffs throughout the country, by
press notices .nd articles in agricultural journals, by seed
exhibits at agricultural shows, and meetings in scores of towns
and villages, eftorts were made to give publicity to the new
measure. The need for such ducational activities has become
~ less essential as the provisions of the Act have become more

widely understood and as conformity with the requirements
has become a normal part of the procedure of the seed trade.

At the same time a certain amount of educational work will

always be necessary for the benefit of those coming new into the

trade and of the ‘ casual » geller whose periodical incursions
into the seed business do not facilitate a comprehensive know-

ledge of the various requirements.
The chief means of oversight of the trade in seeds, however,

has been and will continue 10 be the visits paid by Inspectors

to seedsmen, merchants, retailers, farmers, etc., all over the
country, and the drawing of control samples for check testing

at the Official Seed-Testing Station. i tieae |
ntry 1 divided into a

For administrative purposes t_hﬁ cou .
number of areas, each area bemng allocated to a particular

Inspector who her duties has responsibility

in addition 10 ot ti | |
for the seeds work in his area. In addition there is a SEMIOT
General Inspector

who, with the assistance of a special Seeds
Inspector, is responsible for the general oversight of the whole
P ’ for a yearly quota of visits

S ST usual procedure 15 '
;?énggmml :ﬂmplﬂs to be allotted to cach Inspector for his
This is fixed having regard to the nature,

Lljar requirements of each area, and represents
d to be necessary to secure reasonably adequate
From the records of their visits, €tc.,

with the trade: *
contact : »nce, Inspectors are able to form a
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very good 1dea of the general measure of compliance with the
provisions of the Act and of any particular direction in which
special attention is needed.

The Inspectors are not expected to take control samples
from each seedsman visited. Their primary object is to
ascertain whether the requirements of the Act are being
carried out. Their advice may also be Necessary on points of
doubt. They are nevertheless empowered to inspect any
stocks of seeds, whether on sale or stored for sale, and to draw
control samples if they consider this to be desirable. A figure
of about 1,400 to 1,500 control samples annually represents
the normal extent of this sampling, and during recent years
the number of samples calling for special attention has amounted
to some 6 to 8 per cent of the total. A number of these, however,
relate to incomplete or irregular declarations, and the per-
centage of instances in which there has been any discrepancy in
respect of purity or germination, outside the specified limits of
variation, is considerably lower,

While, naturally, the bulk of the Inspectors’ visits are made to
seedsmen, merchants, and retailers, many visits are also made
to farmers, particularly where the latter are understood to be
regular dealers in seeds, as well as growers. It is obviously
difficult to keep check of farmer to farmer sales, but the trend
of affairs in recent years has tended to lessen the number of

those sales in which, all too frequently, the safeguards of the

Seeds Act have been ignored. In the course of their visits to
farmers Inspectors

the quality of seed supplied to those who sow it and the delivery
of the statutory

particulars in respect of actual business trans-
actions. |

The testing of control samples in England and Wales i
undertaken by the Official Seed-Testing Station, Cambridge.

The Official Station is 2 state-aided establishment and its
reputation and prestige

stand high both in this country and
abroad. The testing of i el

RS control samples taken by Inspectors
13, indeed, only a com

_ Lpar E’“Fi""'EIY small part of the work done
by the Station, which is being increasingly used by traders for
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the testing of seeds of all kinds and for the purpose of declaration
on sale. Under the Seeds Act, however, as has already been

L

indicated, the Minister 1s empowered to license private testing
stations. At the time of the passing of the Act it was con-
sidered that this privilege should be granted to certain well-
known firms who had old-established and well-equipped seed-
testing plant and analysts trained for the work. Some of these
private seed-testing stations are licensed for the testing of all
kinds of seeds to which the Act applies, while others are licensed
to test only certain specified kinds of seed. The conditions

under which licences are granted to private stations do not
permit them to test samples of seeds for the information of
farmers or others on payment of a fee. The conditions set
out in the licence make it clear that such a station is to be
maintained and used solely for the testing of seeds required by

the licensee for his own purchases and sales.

The oversight of these private licensed stations, with the
object of maintaining a high standard of efficiency, is again
the Ministry’s responsibility. The stations are visited periodi-
cally, and what are called ¢« Reserved Portions »__duplicate
samples of seeds tested by the stations—are drawn and dis-

patched to the Official Station for check testing. The com-
finistry to form 1ts conclusions

parison of results assists the N . ‘
dual stations. It may be said

as to the efficiency of the indivi - * _
that, on the whole, the work of the private licensed stations

% done in an efficient mannet, and, when difficulties present
themselves, advice and assistance are freely given by the

Official Seed-Testing gtation and by the Ministry’s I'ns.pect-:?rs.

It will be seen that the Minisn:y’s pnhcy_o{' admlms.trau:]n
and enforcement includes educational, advisory, and inspec-
torial activities. During the first few years of tI_u: operation
of the Act, it was the policy of the Ministry invariably to pass

¢« frst offence » pefore instituting legal proceedings for
i the Act. Since then, each

. f th Sl
a breach © :Jered on its merits, and although it will

E -
:fjf }?: more usual to try the effect of a warning before more
drastic action 18 decided upon, it may happen, in special cir-
eedings will be taken for a first

that legal proc
At the same time it is the general rule not to prosecute
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before giving the alleged offender an opportunity to submjt any
explanation he may have to offer.

The Ministry’s experience of the Seeds Act in operatiop
indicates that the measure, in its main essentials, can definitely
be regarded as a permanent part of this country’s agricultural
legislation. In a trade where there is so much scope for honest
misjudgment as well as dishonest deception regarding the
quality of the article sold, i1t seems essential, if confidence ip
the trade is to be maintained, to retain legislation of this nature,
which, while laying down permanent and fundamental prin-
ciples, also permits of adjustment in detail as circumstances

may require.



Note.—The foregoing account (pp. 118-136) gives a fairly
complete account of the procedure of seed control in England
and Wales. Attention is particularly directed to the paragraph
on p. 119 referring to the position in Scotland and Northern
Ireland in relation to the Seeds Act, 1920. Persons in those
countries who desire to have seeds officially tested should apply
respectively to the Department of Agriculture for Scotland,
Edinburgh, or the Ministry of Agriculture for Northern Ireland,
Belfast.
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Appendix One
Crop Seeds: Physical Data

_-_____—______—_-_-—-._—_-—-——

Physical Data

Average Samples

Species o R A o ] R
Millimetres Grammes 1b.

Barley . : . ; 11.0 46 6 9,800
Bean (field) . ; . 11.5 550 gf‘, 700
1 50}'3 : ; 2 7-7 150 20 3,000
Beet : : : : 5.0 12 19 37,500
Bent . . 2.0 0.1 24 4,500,000
Bird’s-foot Trefoil : 2.0 1.2 66 400,000
Cabbage, vars. . . . 2, 3.0 55 110,000
Carrot Q.g 1.0 30 300,000
Celery e 1.4 0.3 = 1,500,000
Clover, Alsike . . : I. 0.7 66 700,000
5 Crimson ; ; 2,3 3.5 b5 120,000

» Red . : 2.2 2.0 65 250,000

»  Suckling , : 1.5 0.5 sé 1,000,000

i Whl_tf: Dl:'ltf:h , 1.2 0.7 66 730,000

y»  White Wild . . 1.0 0.5 65 Q00,000
Cuck.sfqﬂt . . : 5.0 1.0 20 450,000
Dogstail . ; . ‘ 4.0 0.5 36 000,000
Fescue, Hard . : A 5.0 0.8 23 570,000
»  Meadow ; : 7.0 1.9 30 200,000

»» Red i ; : 6.5 1.1 16 346,200

5. Sheep’s : : 5.0 0.8 28 1,500,000

* Omitting awn where present,
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Appendix 139
Physical Data—continued
Average Samples
Greate
Species Dimcmigli * pﬁefg;n Erfi;ﬁlt le;rm ftr
Millimetres | Grammes 1b. |

Fescue, Tall 0.0 1.9 24 240,000
Fiorin 2.0 0.1 37 4,500,000
Flax 6.0 4.5 54 105,000
Foxtail . 7.0 1.0 12 480,000
Kidney Vetch . 2.5 2.2 64 150,000
Leek . 3.2 3.0 - 150,000
Lucerne . 2.8 2.0 b4 220,000
Mangold 5.5 20.0 22 24,000
Mcagnw gr., Ruugh-st 2.7 0.2 30 2,000,000
5y omooth-st. 2.5 0.2 32 1,800,000
Mustard Black 1.3 1.8 55 200,000
5 White 2.3 5.5 50 80,000
Oatgrass, Golden g 5 0.3 12 1,000,000
e lall . .0 3.2 14 140,000
Oats, Common 12.0 40.0 42 12,000
Onion . 3.5 2.8 — 118,400
Parsnip . 7.0 4.0 18 110,000
Pea, F}fcld : Q.4 230.0 64 1,700
Poa, Rough-st. . 2.7 0.2 30 2,000,000
y»  Omooth-st. 2.5 0.2 32 1,800,000
Rape 2.2 4.2 52 110,000
Rye | 8.4 27.8 54 20,000
Ryegrass, Itahan 7.0 1.8 22 250,000
Y Perennial . 7.0 2.0 28 225,000
Sainfoin (milled) 4.5 16.0 70 40:003

» Eunmilled) — 22.0 28 * 120
Swede . 2.2 3.0 50 20,000
Tlmuthy 1.7 0. g 0 1,200,000
Trefoil 2.0 1. 6 300,000
Turmp 2.0 2.5 0 I 53:”9‘3
Vetch .0 60.0 4 *53{;

Wheat P 50.0 63 18

—

* Omitting awn where present.



Appendix Two

Notes and Data for Practical Seed Testing

-F\e amounts, periods, methods, etc., shown in the

table on pp. 142-144 are convenient, and in all ordinary cases
sufficient for routine tests upon the species mentioned. Ex-

planations of the contractions and symbols used are given
below.

EXPLANATION OF TABLE

Purity Analysis. The quantities shown are for individual
separations; replicate tests should eack be made upon such
quantities. Where two figures are given the second of the two

is required to comply with the rules of the International Seed-
Testing Association.

The contractions used are as follows :—

Germinators

C. = Cabinet One of the several available types of thermostatic
closed incubators, For most general purposes a glazed

door is desirable., Petri dish, flannel, or sand tests may
be conducted in such an incubator.

Ch. = Chamber. A small room with provision for heating and
temperature control. Electric heat is preferable to gas,
sInce 1t gives no appreciable combustion products. Con-
trol of heat is very satisfactorily attained by means of a
thermostat and cut-out of the Grundy type. Tempera-
ture records may conveniently be kept in such a Ghﬂmpﬂr
by means of a clockwork thermograph. A germination
chamber is only required where large numbers of samples
requinng sand-pot tests are undertaken. A cabinet
may always be used alternatively.

140
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J. = Facobsen. Since these are constantly half-full of warm
water and must be kept perfectly clean, it is very desirable
t0 have them made of a ‘ stainless ”” metal such as Monel
If of copper, care must be taken to avoid scouring off the
tin plating and exposing the copper. Temperature
control is facilitated if the glass strips upon which the
papers rest are arranged to close the mouth of the tank
as completely as possible. The papers are individually
covered by small ventilated bell-jars made for the purpose.
This has proved more satisfactory than enclosing the whole
tank with a lid. Light should be good, but diffused;
direct sunlight and draughts should be avoided.

P. — Petri dishes. There are commonly used in a cabinet and
may be of aluminium. The latter are preferable for most
purposes. Petri dishes used with filter-paper are best
covered with a flat glass plate pierced for ventilation.

Four-inch dishes are a convenient size for 100 small seeds
on filter-paper.

R. — Rodewald. The sand for Rodewald germinators should be
fine and must be burnt and well washed before use. It

<hould be reburnt each time germinator 1s refilled. In
watering, the sand should be kept just saturated, but only

just—the dishes, pressed firmly upon (not into) the surface
should ¢ suck ” when lifted.

PW. — Petri with wick. See f.p.w.

Seed Beds

f.p. = Filter-paper. |
For Petri-dish tests circu

Good quality white filter-paper 15 required.

lar papers to fit the bottom of the
dish are used in pairs, for Jacobsen tests, a pair of rather
stiffer papers, <uch as Whatman s No. 3 of g cm. diameter,
each pair moistened by a wick * cut from an embossed
thin filter-paper strip an inch wide, dipping 1nto the water
of the tank and lying at 1ts upper end on the glass plate
supporting the seed papers; for flannel tests, a good white

blotting paper is satisfactory.

with wick. A Petri dish is half-filled with water

d with a pierced plate. A single strand of
cotton wick 18 coiled on the plate and passed through the

iercing 10to the water. A pair of filter-papers 1 then
o hole covered with a bell jar.

laid on tOP; and the whol
This forms a miniature germinator on the JﬂCUbSEﬂ rin-

ciple and 18 useful for tests In which a plentiful supply of
moisture 18 needed.

fpw.= Filter-pape’
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Appendix 145

fl. = Flannel. A moderately thick good quality white flannel
thoroughly washed and shrunk, is wrung out in water,
folded double, and laid on a clean tray. Blotting pape;'
rectangles are folded across the middle and laid on the
flannel, the seeds being held within the fold of the paper
A cabinet incubator is used and water added as necessar;

from a spray.
p. = Unglazed porcelain dishes specially made for use in Rode-
wald germinators.

s. — Sand. A fairly fine sharp sand, thoroughly washed and
burnt, and moistened to about 60 per cent of its capacity,
<o that it will just cohere when squeezed in the hand.
The surface is made smooth and seeds are gressﬂd into

§).

the sand but not covered (except peas—see

¥ — Germination periods. Where two figures are given the
second is required by the “ules of the International Seed-

Testing Association.

+ = Temperature. The expression ¥
temperature within the range
Z~Y means alternation of temperature,

and 6 hours at »° G.

t = Sunshine tests. These are placed on window sill or staging
in a warm room OrT warmed greenhouse. Filter-paper

with wick is generally used. | |
§ = Sand lests. With peas the seeds are placed 1n holes in the

sand, of depth about twice the diameter of the pea, an
are then covere with a sprinkling of dry sand as a pres

caution against spread of mould. o s :

| inati an

x — Treatment for delayed gc;*mmatmn wheat, barley,
rye)—3 days drying at 40 C. before plm;tmg*

= - t for delayed germination (oats

= Eﬁglfr?;ripﬂmture, preferably starting at 5

days.

—y means that a constant
Q. to »° C. 18 suitable ;
18 hours at 2° C.
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W

Absolute humidity, 24
Absolute weight, 61
Achillea millefolium, 109
Acotyledons, 5

/Ethusa Cynapium, 107
After-ripening, 9, 10, 16, 18, 69
Agropyrum repens, 82, 116
Agrostis, 45, 51, 52, 61, 69, 73, 93, 94, 96
Agrostis alba, g4

Agrostis canina, 94

Agrostis palustris, g4

Agrostis repens, 94

Agrostis stolonifera, 45, 94
Agrostis tenuis, 45, 94

Aids, artificial, to germination, 72
Aira caryophyllea, 116

Aira flexuosa, 116

Albuminous seeds, 7, 55

Aleurone grains, 79

Allium cepa, 86

Allilum porrum, 86

Alopecurus agrestis, 82, 92, 116
Alopecurus geniculatus, 92, 116
Alopecurus pratensis, 59, 91
Alsike, 14, 16, 66, 95, 96, 68
Alsike seed supplies, 40, 44
Amaranthacez, 113

Ambrosia artemisizfolia, 51, 110
America, shigment to, 24
America (U.S.), prohibited species, 50
American Ragweed, 51, 110
Ammi majus, 51

Anagallis( arvensis, 111

Analysis (purity),

Analysts, earliest, ig

Analysts’ reports, 73

Analytical sample, 58, 61

Annual Meadow Grass, g2
Anthemis arvensis, 109

Anthemis cotula, 10g
Anthoxanthum, g1, g6

Anthyllis vulneraria, gq
Antipodes, shipment to, 24
Apium gravm?tns, 8s, 107
Apparatus, germination, 70
Apples, storage of] 23
Arrhenatherum avenaceum, 72, 91
Arthrolobium scorpioides, 106
Ascochyta pisi, 64

Aspergillus, 65

}ati.nn, European Seed-Testin , 48

Association, International Seed-Test.

ing, 15, 48,
Atriplex, 82, 15144
Atriplex patula, 82
Australia, shipment to, 27
Avena fatua, 82

Avena flavescens, g1

Avena orientalis, 8o

Avena sativa, 8o

Avena strigosa, 82

Ayrshire, Ryegrass seed from, gy
Ayrshire, Timothy seed from, 34

Bacillus radicicola, 41
Bacteria, 41, 69
Balances, 61

Ball Mustard, 103
Bamboo, 86

Barbarea vulgaris, 103
Barley, 63, 65, 79
Barley, malting, 8o
Barley, varieties, 79, 80
Bartsia odontites, 112
Bartsia Red, 112

Beans, 7, 14, 58, 99
Beans, Soya, 100

Beans, species and varieties, g9
Becquerel, 11, 13

Beet, 17, 64, 85

Beet seed production, 42
Beet, Sugar, 85

Beetroot family, 113
Bell-jars ( Jacobsen), 70

Bent, 45, 52, 69, 93

Bent species, 93, 94

Beta vulgaris, 8

Bindweed, Black, 82, 85, 114
Bindweed family, 111
Bindweed, Lesser, 82, 85, 111
Bird’s-foot Trefoil, 100

Black Foxtail, 82, g2, 116
Black Grass, g2

Black Mustard, 84, 103

Black Winter Oats, g, 18
Blight, seedling, 65

Blocks, Rodewald, 70
Bluegrass, Canada, g2
Bluegrass, Kentucky, 50, 92, 93
Boraginacez, 111

Brandspores (Bunt), 63
Brassica nigra, 84, 103

Brassica sinapis (arvensis), 82, 103
Brassica, species and varieties, 83, 84
Bread Wheat, 79

Brenchley, Winifred, 11

British Association Committee, 11
Broken seeds, g3, 41, 54
Brome, rye-like, 117

Brome, soft, 49, 52, 116
Bromus, 49, 50

Bromus arvensis, 117

Bromus mollis, 116

Bromus secalinus, 1 17
Broomrape family, 112
Broomrape, Lesser, 112

146
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Browntop, 45, 94
Bruchus, \?

Bugloss, ipers’, 111
Bulks, sampling of, 57, 58

Bunt, 32, 03 e
Bupleurum rotundifolium, 108
Burnet, 50, 106

Burnt corn, 57

Bushel weight, 27, 61, 7:
Buttercup, Cﬂler}?-lcavﬁj, 69, 102
Buttercup, Creeping, 102
Buttercup familci{, 102

Buttercup, Field, 102

Buttercup, Upright, 130.

Cabbage, 83

Cabbage family, 103

Cabbage, seed supply, 41

Cabbage, species an varieties, 83
(Cabinet incubator, 70

Calcicole Legumes, g8
Cambridgeshire, Ryegrass seed from, 37
Camelina microcarpa, 103
Camelina sativa, 103
Campanulacez, 111

Campion(s), %6

Campion(s), Bladder, 104
Campion(s), Red, 104
Campion(s), White, 67, 104
Canada, Alsike seced from, 44, 66
Canada Bluegrass, 92

Canada, prohibited species, 50, 8
Canada, Timothy seed from, 45, ©9
Canada, White Clover seed from, 44
Cane, Sugar, 86

Canterbury Bell family, 111
Capsella Bursa-pastoris, 104
Caraway, 85

Carbonization, 10

Carex spp., 115

Carnation family, 104

Carrot, 18, 23, 50, 69, 84

Carrot family, 107 '
Carrot, Wild, 49, 67, 107
Caryophyllace®, 104

Catmint, 112

Catsear, 109

Caucalis species, 107

Celery, 64, 8
Celcgil::i:rcc? Buttercup, 69, 102

Celery, rust discase of,
Celery, Wild, 107

Cell division, 2, 3

Cell, female and male, 2
Cell, reproductives 2
Cell, zygote, 3
Centaurea CGY
Centaurea nigreh
Central Europ®

ﬂﬂlls-_l- IIE
110
White Clover seed

from, 44 . o
) . achulﬂ, 29, 3
Centrifu -n'r:.rialr:, 105

Cerastium

147

Cercal samples, condition in, 81
Cereal samples, heating in, 81
gﬂrca% supply, hé:rm:-grnwn, 36

ercals, 7, 10, 18, b1
Cereals, Z,;'gnt, 6 ol n kol
Cereals from Egyptian tombs, 10
Cereals, ripening in, 21
Cereals, varieties, 36
Cereals, weeds of, 82
Certificate, International Association’s,

48
Certification of bulks, 46
Certification of crops, 40, 43
Chamomile, Corn, 109
Characters, diagnostic, 66, 67, 96
Charlock, 13, 82, 83, 103
Chemicals to assist germination, 72
Chenopodiacez, 85, 113
G‘hr:nolimiium album, 12, 113
Chervils, rough, 107
Chevalier Barley, 80
Chickweed, 51, g6, 105
Chickweed, Mouse-eared, 96, 105
Chickweed, seed weight, 52
Chicory, 101, 109
Chili, Red Clover seed from, 44
Chilean Red Clover, 66, 67
< Chilean Ryegrass,”” 91
Chives, 86
Chloral hydrate colour test, 83, 103
Chloris ciliata, 10
Chondrometer, 62
Chromosome number, 3

Chromosomes, 2

Chrysanthemum Ieucanthemum, 108

Chrysanthemum segetum, 108

Cichorium Intybus, 101, 109

Claviceps chcim, 51, 63

Cleaning of seed, 27, 34

Cleanings, disposal of, 34, 35

Cleavers, 82, 108

Clover, 7, 9, 11, 14 15 17, 21, 32,
64,

Glufrenglsi_ke, 14, 16, 40, 52, 66, 95, 96

Clover, Alsike, production of seed, 40,

bo,

Clgﬂr, Broad Red, 35,94 |

Clover, Broad Red, fertilization of, 38
Clover, Clustered, 106, 128

Clover, Crimson, 14, 97

Clover, Crimson, seec supply, 41
Clover, cyanogenesis i, Q7

Clover, Dutch White, 14, 9,96
Clover, Dutch White, seed production,

39 _
Clover family, 14 ;
Clover, indigenous strains, 30, 43
Clover, Late Flowering Red, seed pro-
duction, 38, 94 ;
Clover, parasitic celworm 1n, 38
Clover, producing districts, 3% 39, 40,

41
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Clover, Prostrate, 106, 128
Clover, Red, 11, 14, 15, 29, 32, 36, 38,
51, 64, 66, 67, 75, 76, 94

Clover, Red, Chilean, 81, 66, 67
Clover, Red, English, 66, 67
Clover, Red, French, 67

Clover, Red, harvesting of, 39

Clover, Red, Italian, 66, 67

Clover, Red, New Zealand, 36, 44
Clover, Red, New Zealand Wild White,

Glﬁt':r, Red, North American, 36, 51
Clover, Red, seed production, 38
Clover, Red, Single-cut, 38
Clover, Red, South American, 66
Clover, Red, South European, 66
Clover, Red, Swedish, 36
Clover, Red, varieties, 36
Clover, Red, wild strains, g5
Clover, ripening in, 21
Clover, seed supplies, 36, 38, 39, 40, 41, 44
Clover, sickness in, 38, 40, 64
Clover, Strawberry, g8
Clover, Subterranean, g8
Clover, Suckling, 50, g7, 128
Clover, Sweet, 50, 10
Clover, White, 14, I%, 20, 38, 39, 40,
44, 51, 90
%nvtr, s ci:c ﬁnn, 40 5
over, te, 14, 38, 39, 51,
Clover, Wild 'ﬁf'\"’l:u‘dl:i;:*,b3 cgﬁiﬁﬁcat?:n
scheme, 40, 43
Clover, Wi?d White, diagnosis of, g6
Clover, Wild White, harvesting of, 39, 40
Clover, Wild White, indigenous strains,

43
Clover, Wild White, old pasture, 51
Clover, Wild White, once grown, 51
Clover, Yellow Sweet, 105
Chnicus arvensis, 110
Cnicus lanceolatus, 110
Cﬂtkl?, Ear-, 57
Cocksfoot, 17, 18, 2 y 525 53, 8

6o, 64, 6o, B8 3» 43, 52, 53, 55, 56,
Cocksfoot, Aberystwyth, 43
Cocksfoot, indigenous strains, 43
Cocksfoot, New Zealand, 8q
Cocksfoot, seed supply, home grown, 38
Cold storage, 19
Coleoptile, 79
Colletotrichum lini 65
Colour test, chloral hydrate, 83, 103
Combination of weed seeds, 67, 82, 96
Commercial seed production, 20
Common Oats, 8o
Common Poppy, 102
Common Sorrel, 49, 114
Common Sowthistle, 110
Common Turnips, 83

le:nl?ositm, 101, 108
Condition in cereal samples, 81
Conditions for germination, 68

Index

gnnglitinns, uniformity of, in storage, 23

onium maculatum, 10y

Contamination, bacterial, 68

Contamination, fungoid, 68

Contarinia, 57

Continental method, 54

Control sample, 72, 122

Conventions, International
tion’s, 47, 48

Convolvulacea, 111

Convolvulus arvensis, 82, 85, 111

Corn, * burnt,”’ 57

Corn Chamomile, 109

Corn Cockle, 104

Corn, Indian, 81

Corn-salad, 108

Cornflower, 110

Cosh, 22

Cotswolds, 40, 41

Cotyledon, 7, 55, 65, 67

Couchgrass, 82, 116

County Antrim, Crested Dogstail seed
from, 37

County Down, Crested Dogstail seed
from, 37

County Down, Wild White Clover seed

from, 40
Cow Cockle, 104
Cow, digestive tract, 12
Crabgrass, 115
Cracked seed, 41, 54
Cranesbill, Cut-leaved, 6%, 105
Cranesbill, Small-flowered, 105
Cranesbill, Soft, 34, 51, 67, 96, 97, 105
Creeping Soft Grass, 116
Creeping Thistle, 110
Crepis, Smooth, 110
Crepis virens, 110
Cress, 84
Cress, Field, 103
Cress, Penny, 104
Cress, Winter, 103
Crested Dogstail, 37, 51, 9o, g6
{émckcr, 11

rop certification
Crops, fibre, 43 A
Crops, leguminous, g4
Crops, miscellaneous, 100
Crops, pulse, g9
Crops, root, 83
Crops, vegetable, 83
Cross-fertilization, 2
Crucifera, 83, 84, 103
Cruciferous seed, 41
Cursor, 62
Cuscuta, g1
Cuscuta Epilinum, 111
Cuscuta Trifolii, 111
Cuticle, 14
Cyanogenesis in clover, g7
Cyanophoric test, g7

osurus cristatus, go, g6

Associa-
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Cynosurus echinatus, 44, 91 Ear-Cockles, 57
Cyperace®, 115 Earthnut, g9
: East Anglia, 40, 41, 42

Dactylis glomerata, 88 FEchium vulgare, 111
Daisy family, 101, 108 Eelworm, 38, 57
Daisy, Ox-eye, 50, 108 Embryo, 2, 3, 5, 7, 8, 55, 56, 79
Damage by insects, 55 Embryo damage, 55
Damage by mice, 55 Embryo development, 8
Danish experiments, 75 Embryo root, 5
Darnel, 65, 88, 116 Embryo shoot, 5
Daucus carota, 49, 67, 84, 107 Embryogenetic development, 56
Death, 10, 23 Empty husks, 53
Declaration, Seeds Act, 1920, 15 Endosperm, 7
Declarations, Seed Regulations Endosperm accumulation, 56

special, 50 Endosperm nucleus, primary, 7
Definition of terms in Seeds Regula- Endosperm tissue, 7

tions, 1922, 130 Energy germination, 69, 73, 75
Delayed germination, 18, 69, 73 England, 23, 38, 39, 40
Delphinium consolida, 102 English Red Clover, 66, 67
Denmark, seed supply from, 44, 45 Epigeal behaviour, 7

Departmental Committee, on sceds,  Epilobium angustifolium, 14

190g, 118 Ergot, 51, 63, 64, 65, 81
De-seeding, 22 Error, experimental, 72
Desiccation, 8 Error, personal, 70
Destruction of weeds, compulsory, 50 Eruca sativa, 103

Erysimum cheiranthiodes, 104
Erysimum orientale, 103

Essex, 38, 40

Euphorbia species, 115
Euphorbiacez, 11

Euphrasia officinalis, 112
Europe, seed from, 24, 27, 44, 63, 66
Evening Primrose, 107

Ewart, 11, 13

Excreta, mouse, 64
Experimental error, 72
Experiments, Danish, 75
Experiments, Van Helmont's, 19
Eyebright, 112

Diagnostic characters, 66, 67, 9b
Diaphanoscope, 60
Dicotyledons, 5, 7, 9
Digestion, 12

Diploid number, 3

Disease, 63, 73

Disease, Ergot, 63, 64
Disease, fungoid, 63

Disease, Leaf-stripe, 65
Disease, Phoma, 64

Disease, Rust, 64

Disease, Rust of Celery, 64, 85
Disease, seed-borne, 64
Disease, Seedling Blight, 65

Disease, Smut, 63 | _

Diseasﬂi Spot of Peas, 64 Ezgt%r;;lghaxéicttr, 2

Disposal of Cleanings, 34 ot d‘{;h )

D’:‘St*il.lcd water, 15, 68 Fat Hen, 12,11 g, 113

Division, cell, 2. Feeding-stuffs, cleanings as, 35
Division, reduction, 3 Female reproductive cell, 2, 3
Dock, Broad, 114 Fen country, Ryegrass seed from, 37
Dock, Curled, 67, 82, 114 Fenugreek, 99

Dock family, 114 Ferments, formation of, 8

Docks, 13, 49, 5° 6 Fertilization, 1, 3, 7
D%ddr:r,lﬂh 32, 44, 49y 50 60, 07> 73 e iaation: Ems;?lg !
y 11 Fertilization, double
nggﬂl': E'll;; E?I : 5 Fertilization, Red Cimr::r, 98
er, 3

Dodder machine, 60 Fertilization, Self-, 2
1

Fescue, Chewing’s, 45, 90

3 ) E}G " ¥
Dogstail, Grasted, 97 lagllrg?n 44, 45 Fescue, Fine-leaved Sheep's, 90
Dominions, sced suppLy e Fescue, Hard, g0
Drﬂﬂ.ﬂr tnt?g::i::g]l Sg FI:‘EEUE, Mﬂflc{ﬂ'"?; 45 39: 9o
Drymgé Ii“;]f life, 1,13 Fescue Ratds-tml, 117
Eﬁrﬁgan f*f tt&;{" ?ﬁmnwing, 6o g:ﬁﬁzj Egca,ggu

em ' y
]D):tacrhf %_ﬂm “h Beans, 99 Fescue, Sheep's; g0
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Fescue, Tall, go

Fescues, large, 89

Fescues, small, go

Fescues, small, home-grown seed, 38
Festuca arundinacea, go

Festuca elatior, 89, go

Festuca ovina, Qo

Festuca (ovina) durinscula, go
Festuca Euvinag tenuifolia, go
Festuca pratensis, 89, 9o

Festuca rubra fallax, 45, go
Festuca rubra genuina, go
Festuca sciuroides, 117

Filter paper, 70

Finlayson test, 83

Finnish Foxtail, 45

Fiorin, 45, 94

Flail, threshing by, 30

Flanders Poppy, 13

Flannel, 70

Flax, 42, 61, 65, 75, 100

Flax cleaning, g0

Flax Dodder, 111

Flax, False, 103

Flax, False, Small-seeded, 103
Flax, seed supply, United Kingdom, 42
Flotation, 31

Fog, Yorkshire, 35, 49, 64, g6, 116
Fool’s Parsley, 107
Forget-me-not, 111

Forget-me-not family, 111

Form groups, 101

Formates, 73

Formation of seed, 1

Fowl, digestion in, 12

Foxglove family, 112

Foxtail, Black, 116

Foxtail, Green, g2, 116

Foxtail, Knee'd, g2, 116

Foxtail Meadow, 21, 22, 45, 57, 91
Foxtail, Slender, 82, g2, 116
France, Import Regulations, 50
France, Red Clover seed supply, 38, 44

France, Ryegrass, 45, 66
French Beans, Dwarf: 99

French Red Clover, 67
Frosted seed, 69

Fumaria officinalis, 103
Fumariacez, 103
Fumitory, Common, 103
Fungi, 8, 51, 63, 64

Fungi, saprophytic, 65
Fungoid contamination, 68
Fungoid diseases, 63

Galeopsis Ladanum, 113
Galeopsis Tetrahit, 119
Galium aparine, 82, 108
Galium mollugo, 108
Galium verum, 108
Gall midge, 57
Gentians, 10

Index

Gentner test of Ryegrasses, 8y

Geraniacez, 105

Geranium, 49

Geranium dissectum, 67, 105

Geranium molle, 67, g6, 105

Geranium pusillum, ro5

Germinability, criterion of] 54

Germinating ripeness, 8, 9, 10

Germination, 10, 16, 17, 23, 53, 73

Germination, artificial aids to, 72

Germination, delayed, 18, 69, 73

Germination energy, 69, 73, 75

Germination, harﬂeeﬁ, 14, 15

Germination, light in, 68-69

Germination, oxygen in, 68

Germination test, 53, 67, 71

Germinators, 21, 70, 71, 72

Germinators, cabinet, 70

Germinators, Jacobsen, 70

Germinators, refrigerator, 71

Germinators, Rodewald, 70

Gibberella Saubinetii, 65

Giglioli, 11

Gilgowan, 108

Glycine soja, 100

Goldthorpe Barley, 8o

Grains, aleurone, 79

Grains, broken, 54, 55

Grains, cracked, 54, 55

Graminea, 86, 115

Grass, Black, g2

Grass, Crab, 115

Grass, Creeping Soft, 116

Grass family, 115

Grass seed, g, 20, 24, 25, 29, 34, 36, 53,
59, b1, 72

Grass seed, shipping of, 24

Grasses, 7, 17, 21, 35, 37, 445 55; 57 61,
62, 64, 66, 67, 75, 86
Grasses, natural, 45

Grasses, permanent,
Grasses, wild, 64 %
Green Foxtail, 116
Grid sampling, 59
Gromwell, 111
Groundsel, 109
Growth, 2, 3, 16, 17, 19
Guarantee, 69

Hairgrass, Silvery, 116
Hairgrass, Wavy, 116
Hairy Vetch, 82
Hampshire, 39, 41
Han harvesting, 22
Hand sieve, 27
Haploid number, 3
%ﬂrg Fescue, go

ard seed, 14, 15, 20, 72
Hard seed, scariﬁcatiu;?'t E:E‘aﬁ
Hare's Ear, 108
Hare’s Ear Mustard, 104

ester and thresher, combined, 22



Index

Harvesting Red Clover, (%?
Harvesting Wild White Clover, 39
Hawkweed, Ox-tongue, 109
Heartsease, 104

Hellbo test of Ryegrass, 50, 87
Helminthia, 109

Helminthosporium, 65

Hemlock, 107

Hemp Nettles, 113

Hen, Fat, 12, 13, 113

Holcus, 49, 96

Holcus lanatus, 35, 116

Holcus mollis, 11

Hollyhock family, 105

Home-grown seed supply, 36
Hordeum sativum, 79

Hordeum vulgare, 79

Hordeum zeocriton, 80

Horse, digestion 1n, 12

Horse-radish, 84

Humidity of atmosphere, absolute, 24
Humidity of atmosphere, relative, 24
Hybrid, 2, 42

Hypocheris radicata, 109

Hypogeal behaviour, 7

Immature kernels, 53, 55
Immortality, I
Import Regulations, 35, 49

Impurity, 27, 30, 31, 32, 33, 34 35, 49

51, 52, 59, 60, 66, 73, 76, 95 97
Incubators, 70
Indian Corn, 81
Indigenous strains of Clover, 43
Indigenous strains of Cocksfoot, 43, 89
Indigenous strains of Ryegrass, 43; 87
Inert matter, §3, 54> 55 61 76
Injurious weeds, 35, 49 122, 12
Injury to radicle tips, 54
Insect damage, 55, 50
Inscct larvee, 50, 57
Insect parasites, 57
Insects, predatory, 75
Instruments, sampling 59
%ntcr'natiunal cnnlventmnfgf’g
nternational Rul€s, 15, 2% Aoy
Intern ati{u}nal Seed-Testing Associatior
= 2 ® .
Inig;'x?aﬂfiggﬂl geed-Testing Associationt
: g , e
Inizii:gﬁiiicﬁlqscedﬂ‘ﬁﬂmg Association
les, 50, :
Inﬁ?na;ignale‘ﬂfﬁc i Efedsi’??
Interpretation of results; 73
Ireland, 37> 43 oxious species, 50
Dﬂhﬁ”::;cd from, 37

e - o e,
Irish Free Stal ) Satings 54

nd ;wi:;ultural Seeds
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Jacobsen germinator, 70
Jarowization, 19

J uncacea, 11 5

Juncus species, 115

Kent, Wild White Clover from
Kentucky Bluegrass, 50, 92 Lo
Kernels, immature, 53, §§

Kernels, undeveloped, 53, 56

Kidney Beans, 99

Kidney Vetch, 41, 99

Kiln-drying, 9, 25

Knapweed, 110

Knee'd Foxtail, 92, 116

- Knotgrass, 82, 114

Labiate, 112

Laboratory sampling, 58
Lactuca sativa, 101

Lapsana communis, 110
Larkspur, Wild, 102
Late-Howering Red Clover, 94
Lathyrus odoratus, 99
Lathyrus pratensis, 10
Latitude in tests, 76
Leaf-stripe disease, 65

Leek, 86

Legumes, 14, 22, 54, 55 72) 74 94 100
Legumes, calcicole, 98

] eguminos®, 11, 105
Leguminous crops, 94

Lens esculenta, 89

Lentil, 99

Lepidium campestre, 103
Lepidium sativum, 84

Lettuce, 101

Licence of Exemption from statutory

requirements, 123, 130

Licensed Seed-Testing Stations, 121

Light in germination,
Liliacez, 86
Linaria Elatine, 112
Linaria spuria, 112
[inum usitatissimum, 100
Linseed, 100
[ithospermum arvense, 111
Locust Beans, 99
Loganberry, 2
Lolium, 8
Lolium species and varieties, 86, 88
Lolium temulentum, 65, 88, 110
Longevity, I, 13
Loosestrite family, 107
Loosestrife, Hyssop-lcavcd, 107
Lotus, g6
Lotus corniculatus, 100
Lotus, Sacred, 13
Lucerne, 14, 15, 41, 74, 98
Lychnis diurna, 104
Lychnis Githago, 104
Lychnis vespertina (alba), 67, 104
Lysenko, 19
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Lythracez, 107
Lythrum hyssopifolium, 107

Macaroni “rhl:at, 79
Machinery, mixing, 58
Machinery, seed-cleaning, 27, 34, 58
Madder family, 67, 108
Madder, Field, 108

Maize, 81

Male reproductive cell, 2, 3
Mallow, 105

Malting Barleys, 8o

Malva species, 105

Malvacez, 105

Manchukuo peat-beds, 13
Mangold, 17, 42, 64, 68, 71, 85
Mangold-wurzel, 85

Manure heaps, 12, 13
Matricaria iﬂﬂdﬂ'mn 12, 109
Maturity, 55

Mayweed, 12

Mayweed, Scentless, 109
Mayweed, Stinking, 109
Meadow Fescue, 45, 52, 87, 89, go
Meadow Foxtail, 21, 22, 45, 57, o1
Meadow Grass, Annual, g2
Meadow Grass, Ruugh-st:ﬂked ,38,45,92
Meadow Grass, Wood, g3
Meadow Grasses, 69, g2
Medicago lupulina,

Medicago sativa, g8

Medicago species, 15, g8
Medicks, 15, g8

Melilot, 50

Melilotus alba, g0, 105
Melilotus officinalis, 105

Mice, damage by, 55, 56
Micropyle, 17

Midge, gall, 57

Midlands, 41

Mignonette family, 104
Mignonette, Wild, 104
Miscellaneous Crops, 100

Mites, 56

Moisture, estimation of, 62, 63
Moisture in germination, 68
Moisture in seed, 8, 9, 23, 73, 74
Molinia czrulea, 117
Monkey-nut, gg
Monocotyledons, s, 7, 10, 67
Moor Grass, Purple, 117
Mould, 8, 65, 69, 71

Mountain pasture, renovation of| 34
Mouse-eared Chickweed, 105
Mouse excreta, 64

Mucor, 65

¢ Mummy ” Wheat, 13
Mustard, 41, 84

Mustard, Ball, 103

Mustard, Black, 84, 103
Mustard, Brown, %3

Mustard, Hare’s Ear, 103

Index

Mustard, Treacle, 104
Mustard, White, 84
Mustard, Worm Seed, 103
Myosotis arvensis, 111

*“ Naked ” Barley, 80

Naked Oats, 81

““ Natural * Grasses, 45
Nelumbium speciosum, 13
Nemophila, 1, 69

Nepeta Cataria, 112

Neslia paniculata, 103

Nettle family, 115

Nettle, Hemp, 113

Nettle, Stinging, 115

New Zealand Brown Top, 45, 94
New Zealand Clover, 44

New Zealand Cocksfoot, 45

New Zealand Crested Dogstail, 45
New Zealand Fescue, 45, go
New Zealand Ryegrass, 44
Nipplewort, 110

Nitrates (for germination), 73
Nobbe, Dr., 15

Nodule, root, 41

Northern Ireland Ryegrass seed, 37
Noxious weeds, 49, 50

Nucleus, 2, 8

Nucleus, primary endosperm, 8

Oatgrass, 72, 91

Oatgrass, Golden, g1

Oatgrass, Tall, g1

Oatgrass, Yellow, g1

Oats, 9, 63, 65, 73, 80

Oats, Black Winter, g, 18

Oats, Black Winter, after-ripening of, 9
Oats, Bristle-pointed, 82

Oats, Common, 8o

Oats, Naked, 81

Oats, Spring, after-ripening of, 9
Oats, Tartarian, 8o

Oats, Wild, 82

(Enothera biennis, 107

Ohga, Dr., 13

Old Pasture Wild White Clover, 51, 96
Oligotrophus, 57

Onagracez, 107

Once-grown Wild White Clover, 51, 97
Onion, 7, 65, 67, 86

Onobrychis sativa, gg

Oraches, 82, 114

Orobanchacez, 112

Orobanche minor, 112

* Other useful ” species, 52

“ Other weeds,” 50

Ovary, 1, 7

“ Over-yeared ” seed, 11

Ovule, 1

Ox-eye Daisy, 108

Ox-tongue, 10

Oxygen, 10, Ia 68, 69



Index

Pacific Coast, shipment to, 24
Panama (route), 24

Panicum Crus-galli, 115
Panicum sanguinale, 115
Papaver dubium, 102
Papaver Rheeas, 102

Paper, filter, 70

Paper pads, blotting, 70
Parasites, insect, 57

Parasitic fungi, 51

Parasitic infection, 65
Parasitic weeds, 76

Parsley, 85

Parsley, Fool’s, 107

Parsnip, 11, 18, 22, 85
Pastinaca sativa, 85

Pasture, Mountain, renovation of, 34
Pasture, Old, Wild White Clover, 40, gb
Pea family, 11, 105

Peas, 7, 14, 18, 33, 55, 56, 64, 99
Peas, cleaning of, 30, 33

Peas, Garden, 18, g9

Peas, Field, g9

Peas, Sweet, 99

Penicillium, (:?5

Pennycress, 104

Peppercorn, 8

Perisperm, 8

Permanent Grasses, 39
Peterson, Dorph, 11, 12

Petri dishes, 70

Phalaris nodosa, 51
Phaseolus, 99

Phleum pratense, 89

Phoma, 04

Physiological development, 19
Picris echioides, 109

Picris hieracioides, 109

Pig, digestion in, 12

Pigweed, 113

Pimpernel, Scarlet, 150
Pisum arvense, 99

Pisum sativum, 99
Plantaginea, 113

Plantago aristata, 115
Plantago lanceolata, 12, 29, 67, 113
Plantago major, 113

Plantago Rugelli, 113
Plantain, Bracted, 113
Plantain, Broad, 113
Plantain family, 113

Plantain, Rugel’s, 113
Plumular bud, 67

Plumule, 7, 54, 55, 68

Poa, gb

Poa annua, g2

Poa compressa, 92

Poa, diagnosis ol, 93

Poa nemoralis, 1, 93

Poa pratensis, 45, 50, 92, 93
Poa, Rough-Stalked, 45, 50; 5% 92
Poa, Smooth-Stalked, 45, 59 5% 92
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Poa species, 6

Poa tfiviali; S

Poi ! o ‘1'_5! 59, 02, 93
01S0NINg 1N pigs, 65

Poland, clover seed from 44

Polariscope test, Finlaync:n‘g 83

Pollen grain, 1, 8 ’

Pollination of Red Clover, 38

Polycotyledons, 5

Polygonacez, 114

Polygonum aviculare, 82, 114

Polygonum Convolvulus, 82, 85, 114

Polygonum Hydropiper, 115

Polygonum Persicaria, 82, 115

Poppy, Common Red, 102

Poppy, Flanders, 19

Poppy, Long Smooth-headed, 102

Porous porcelain dishes, 70

Potassium nitrate, 73

Potentilla monspeliensis, 107

Poterium, 50

Poterium muricatum, 106

Poterium sangiusorba, 106

Poultry meals, 35

Predatory insects, 75

Pre-soaking, 68

Price comparison, 74

Primary roots, 5

Primrose, Evening, 107

Primrose family, 111

Primrose species, 10

Primulacea, 111

Prohibited species, Canada, 50, 85

Prohibited species, United States, 50

Proportion of weed seeds, 67

Protoplasm, 1, 17

Protoplasmic molecule, 10

Provenance, 65

Prunella vulgaris, 67, 96, 112

Pulse crops, 99

Pure germinating seed, 15, 74 6

Pure seed, 27, 49, 54 59 71 73 7

Purity analysis, 29, 54

Purity test, 48

Purity test technique, 57

Purp e Moor Gl’ﬂﬂl 1y

Rachilla, 56

Rachilla of Barley, 8o
Rachilla of Fescué, 89
Rachilla of Ryegrass, 87
Radicle, 7, 54

Radicle, injury to, 54
Radicle-tip, damage to, 54

Radish, 8-‘]—_

<h. Wild, 82, 103
Ezgﬁhe::d, American, 51, 110

Ragwort, 50 109
Rain water,

Ranunculace®, 02

Ranunculus acris, 102

Ranunculus qrvensis,
Ranunculus repens,
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Ranunculus sceleratus, 102
Rape, 2, 42, 83, 84
Rape-kale crosses, 84
Raphanus Raphanistrum, 82, 103
Raphanus sativus, 84
Raspberry, 2
Rta?value, 15, 74
Red Bartsia, 112
Redshank, 82, 115
Redtop, 45, 94
Reduction division, 3
Refrigerator ship, 25
Refrigerators, 71
Regulation (Seed), English, 35, 50, 97,
125, 128
Regulation, staining of seed, 36
Renovation of mountain pasture, 34
Report, standard analysis, 52
Reproduction, 1
Reproduction cell, 2, 3
Reseda lutea, 104
Resedacez, 104
Respiration, 8, 16
Results, interpretation of, 73
Rhinanthus Crista-galli, 112
Rib cylinder machine, 29
Ribgrass, 12, 29, 67, 113
Ripeness, germinating, 8, 10
Ripening, 8, 9, 14, 16, 20, 21
Ripening, After-, 9, 10, 16, 18
Ripening in clovers, 21
Rodewald incubators, %0
%ﬂﬂt-tap. 7
OOt crops, 41, 8
Root noﬁle, 41 2
Root, seed supply, 41
Root system, s, 55
Roots, branch, 54
Roots, lateral, 55
Rﬂﬂtﬂ, primary, 5 55
Roots, secondary, 55
Rosa pratincola, 107
Rosacez, 106
Rose family, 106
Rose, Prairie, 107
Rothamsted, 12
fnd Gt
ough-stalked Me .
Ruh%am:m, 108 L Cram, 4500
Rules, Internatio
Rumex, A0 nal, 15, 50, 58, 77
Rumex Acetosa, 114
Rumex Acetosella, 114
Rumex crispus, 82, 114
Rumex obtusifolius, 114
Rush family, 115
Rushes, 115
Russian Thistle, 114

Rust disease of Cel 6
Rye, 63, 81 =00 S45s

R}Fegrm: 35; 36: 37 52, GD 6
75 76, 365’ 66 53, 0o, 64, 69,

Index

Ryegrass, Argentine, 44, 88

Ryegrass, Chilean, 44, g1

Ryegrass, Gentner test, 87

Ryegrass, Hellbo test, 50, 87

Ryegrass, indigenous strains, 43

Ryegrass, Italian, 37, 45, 48, 66, 73, 46,
86, 87

Ryegrass, New Zealand, 66

Ryegrass, North American domestic, 44

Ryegrass, Pacey's, 88

Ryegrass, Perennial, 37, 39, 44, 48, 50,
73 87

Ryegrass seed supply, 36, 44

Ryegrass, Sparse Flowered, 88

Sacred Lotus, 13

Sages, 112

Sainfoin, 22, 41, 50, 99

Salsify, 101

Salsola Kali, 114

Salvia, 112

Sample, analytical, §8, 59, 61

Sample, bulk, 57, 58

Sample, control, 72, 122

Sample, warehouse, 58

Sampling, 57, 129

Sampling, bulk, 57

Sampling grid, 59

Sampling instruments, 58

Sampling, laboratory, 58

Sampling, warehouse, 57

Sand, 70

Saponaria Vaccaria, 104

Saprophytic fungi, 65

Scarification, 21

Scarlet Pimpernel, 111

Scarlet Runners, gg

Scentless Mayweed, 109

Scirpus species, 115

Sclerotia, 51, 63, 64

Sclerotinia trifoliorum, 51, 64

Scotland, seed from, 37, 89

Scrophularines, 112

Scutellum, 79

Secale cereale, 81

Sedge family, 115

Sedges, 115

Seed Potatoes, Regulations in respect of,
131

Seed Testing, 46

Seed-Testing Association, European, 48

Seed-TEstir:lg Association, International,
15, 4

Seed-Testing conventions, 48

Sced-Testing, international standardi-
zation, 48

Seed-Testing, purpose of, 46

Seed-Testing Stations, 121, 137

gtcg—¥est§ng Stalil;inns, licensed, 121
eed- Lesting technique

Seedling Bligght, 65 Wy

Seedlings, broken, ss, 72
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Seedlings, diseased, 72 Sprat B

_, 05 ; arl

Seedlings, healthy, 54, 67} 72 Sgrﬂuting Eﬁf’; %“;iﬂ q

Seeds Act, 118, 120 Spurge, 11t L e

Seeds Act, Adulteration of, 1869 (and Spurge’i‘mr?ily 115

1878), 157 S
Seeds Act, 1909, Irish Weeds and Agri- Slljeu;;?tfﬁ 1052
cultural, 50, 119 Stellaria P3, 25
| : media, 105
Seeds (Amendment) Act, 1925, 131 Stinging Nettle, 117
,‘ _ ¥ s - e 4 ﬂttl{‘!, 115
Seeds (Amendment) Regulations, 1935, Stinking Mayweed 100
Iﬁl 1 _ sStirlingshire, Seed from, 37
Seeds Order (1917 and 1918), English  Storage, apple, 2
Testing of ) , appie, 23
d.s ing nl, 49 Storage, cold, 19
Seeds R_?gu ations, 1922, 120, 125 fatﬂragc conditions, 11
Self-fertilization, 2 Storage in gases, 13
Self-heal, 67, g6, 112 Storage in paper bags, 2
i : : y 23
Senecio Jacobza, 109 Storage in sacks, 24
Senecio vulgaris, 109 Storage in vacuum, 13
gen‘els_ccncr:, 11 Storage, seed, 23
enility, 11 Storage, starch,
Sﬂpmri; apii, 64, Stnrage tissue, ??
Setaria glauca, 116 Storage, ventilation in, 23
Setaria viridis, 116 Straw, ripening of, 21
ghamruck, 97 Strawberry Clover, 98
heep’s Fescue, go Strickland, 11
Sheep’s Surrcl,’m, 13, 114 Subterranean Clover, g8
Shepherd’s Purse, 104 Suckling Clover, 50, 97, 128
Sherardia arvensis, 67, 108 gugiT force, 67
Ship, refrigerator, 25 uffolk, 40
Shipi)ing of seed, 24, 27 Sugar ﬁﬂﬂt: 85
Sieve, 27, 30, 34, 71 Sugar Cane, 86
Silene inflata, 104 Sulphur Clover, 98
Silvery Hairgrass, 116 5“535":{}“ ;
Single-cut Cowgrass, 94 Swede Turnips, 41, 83

Slender Foxtail, g2 Sweden, seed from, 66

Small Fescues, go
Smooth Crepis, 110
Smooth-stalked Poa, g2
Smut, 63

Soda, 73

Soft Grass, Creeping, 116

Sweet Pea, g?
Sweet Vernal, g1, gb
Tartarian Qats, 8o

Technique of germination test, 71

Technique of purity test, 57
Technique of seed testing, 48

1
ggﬁ::}:ié ;E:fﬂl?;iﬂ?g; 334 TZIEPE??;E’ 9, 17, IB! 19, 22, 23, 24
Sonchus asper, 110 bt :
, emmperature, alternating, 69
guncﬂus nlgéaccus, 110 %amgtr ature, fluctuating, 18, 23
Sﬂrg ud, Teucrium species, 113
orrels, Common, 49, 114 Test, chloral hydrate, 83 103
Sorrels, 13 , Test, ¢ Continental,” 54
Sorrels, Shr:f;p g, 12, 114 Tﬂ.":t’ cyanophoric, 97
Sﬂuth ﬁmﬂrlﬂﬂ, 4-4-1 56 Tﬂ'ﬁt: Fiﬂlﬂ}'Eﬂﬂ'S pﬂlﬂfiﬁcﬂptj 33
South Europe, 44, 66 Test, Gentner, 87
Sowthistle, Common, 110 Teg,tj Hellbo, 50, 87
Sowthistle, Creeping, 110 Tc&t’ Irish 5’.1.
Sowthistle, Prickly, 110 Teﬁt:q 7 111. 55, 63
Spear Plume Thistle, 110 Thm'h;ast:is, I
Specific gravity, 27, 29, 3! Thistle, Creeping, 110
Specularia species, 111 Thistle, Russian, 114
Speedwells, 112 Thistle, Spear Plume, 110
Spergula arvensis, 105 Thistles, 50
Spinach, 8 Thlaspi arvense, 104
Spinacia oleracea, 85 Thresher, 22, 27, 30
Spores, 32, 63, 64 Tilletia caries, 03

Spot disease, 64
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Timothy, 87, 44, 45, 58, 60, 66, 89, 92
Timothy, indigenous, 43

Toadflax, Pointed, 112

Toadflax, Round-leaved, 112
Trade tests, 46, 47

Tragopogon porrifolius, 101
Transport of seed, 24, 62

Trefoil, 14, 22, 41, 98

Trefoil, seed supply, 41

Trifolium, g4

Trifolium angulatum, 128
Trifolium dubium, 50, 97, 128
Trifolium filiforme, 97

Trifolium fragiferum, g8

Trifolium glomeratum, 106, 128
Trifolium hybridum, g5

Trifolium incarnatum, gy
Trfollum medium, g8

Trifolium ochroleucum, g8
Trifolium parviflorum, 128
Trifolium procumbens, g7, 106, 128
Trifolium repens, g6

Trifolium suﬁctcrraneum, 08
Triticum vulgare, 79

Tropics, transport of seed in, 24
Turnip, 2, 20, 35, 41, 52, 55, 75, 83
Turnip, seed supply, 41

Turnip, Swede, 41, 83

Tylenchus, 57

Umbelliferz, 84, 101, 107

Undeveloped kernels, 53

United Kingdom seed supplies, 36

United Kingdom, trading within, 15

United States of America, 36, 44

United States of America, prohibited
species, 50

Urtica dioica, 115

Urticacez, 115

* Useful ” impurities, 52

* Useful ” seed, 74

Ustilago, 63

Value, real, 74

Van Helmont, 19

Variation fortuitous, 72
Variation in tests, 77
Vascular system, s
Ventilation in storage, 22, 23
Vermin, damage by, 55, 56
Vernal, Sweet, g1, g6
Vernalization, 18, 19, 42
Vicia hirsuta, 82

Viability, 24, 56

Viability, ot weed seeds, 12
Vitality of “ Mummy » Wheat, 13
Vitriol soaking, 13

Wales, 43

Wallflowers, 83

Warehouse sampling, §7, 60

Wart Discase {:F Potatoes Order, 1923,
131

Water, 9, 15, 16, 17, 37, 68, 69, 70, 71

Index

Water Pepper, 115
Water vapour, 54
Watercress, 84
Wavy Hairgrass, 116

Weed seeds, 32, 34, 49, 61, 73, 76, 101,
102

Weed seeds, germinability of] 52

Weed seed, viability of, 12

Weeds of Cereals, 82

Weeds of Wild White Clover, g6

Weeds, compulsory destruction of, in
Northern Ireland, 50

Weeds, diagnostic, 51, 67, 96, 97

Weeds, distribution in manure, 12

Weeds, injurious, 35, 49

Weeds, noxious, 50

Weeds, “ other,” 50, 51

Weeds, parasitic, gﬁ

Weevilled Peas, 5

Weevils, 33, 56

Wcighing of samples, 61

Weight, ** absolute,” 61

Weight, bushel, 61, 73

Wheat, 7, 13, 36, 52, 57, 63, 79

Wheat, Bread, 79

Wheat, bunt in, 32, 63

Wheat grain, 5, 32

Wheat grain from tombs, 10, 13

Wheat, limits of latitude, 19

Wheat, Longevity of] 13

Wheat, Macaroni, 79

Wheat, Russian Winter, 19

White Clovers, g6

White Clovers, Dutch, g6

White Mustard, 84

Wick-strip, 70

Wild Carrot, 49, 67, 107

Wild grasses, %4

Wild Larkspur, 102

Wild Mignonette, 104

Wild Oats, 82

Wild Radish, 103

Wild White Clover, g6

Wild White Clover, diagnosis of, g6

Wild White Clover, * once 1
Wild White Clover, S

- ‘old kL
Willow Herbyag © - Forure 90

Willow Herh family, 10
Wind pollination, 2 ’

Windblast machine 2
Winnower, g0 i
Wisket, 50

Zea mays, 81
Zig-zag Ciuvcr, 98
Zurnaster, 11
Zygote, 3
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CULTIVATION OF BERRIED FRUITS.

Cuas. H. OLbHAM, N.D.H,

}{)D !}p Hlustrated ‘21;—
“The most comprehensive work on this subject yel attempted. It should be read and
kept as a book of reference not only by commercial growers but by gardeners every-
where . . . a godsend.” LIONEL KNIGHT in I HE GROWER.

DETECTION AND CONTROL OF GARDEN PESTS. 1
(. Fox WiLson, Entomologist to the Royal -Horticultural Society. {
192 pp. [lustrated 12/6

“Here at last is a really authoritative reference book on the deteclion or recognition
of garden pests by the symploms of plant wmjury . . . can be recommended withoul
hesilation.”” JOURNAL OF THE ROYAL HORTICULTURAL SOCIETY.

DISEASES OF FRUITS AND HOPS.

H. WorMALD, D.SC., A.R.G.S., D.LC,

290 pp. lllustrated 21—
“I am sure this book will make a substantial contribution lo-the better production

of fruit and hops, and it should find a home in every progressive grower’s hbrary . . .
should be regarded as the standard work on the subject.” 'THE GROWER.

GLASSHOUSE FOOD CROPS.
E. R. SALT™MARSH, N.D.H., Univ, Dip. Hort. (Reading).
53 pp- [llustrated 12/6

“A comprehensive account of glasshouse work . . ~ useful both to_the expert and to
anyone thinking of beginning this type of food production.” B.B.C.

PESTS OF FRUITS AND HOPS.

A. M. MASSEE, D.SC., F.R.E.S. o |

300 pp. | | N Illustrated 21 /-
“An indispensable book . . . those who have the good fortune to know something of

Dr. Massee’s work will expect a book which is both comprehensive and authoritative.
They will not be disappointed.” EssEX FARMERS JOURNAL.

SUPPRESSION OF WEEDS. |
H. C., Lona, 1.5.0., B.s¢. (Agric. Edin.) and WINIFRED BRENCHLEY, D.SC.
96 pp. lllustrated 6/-

“Farmers and gardeners will welcome 1t . . . an admirable summary of the respective
merils of the various methods of control that offers in one volume authorilative
information.” COUNTRY LIFE,

CROSBY LOCKWOOD & SON, LT_‘D.
39 THURLOE STREET, LONDON, S.W.7.




