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Abstract:

It is believed the experiments and observations reported in this paper justify the following conclusions:
The total vitality of non-scarified seed of sweet clover and red clover will decrease slowly during the
first seven years of storage. Ton-scarified alfalfa seed of good maturity and high hard seed content will
lose vitality gradually. Alfalfa seed less mature or of low hard seed content may show a rapid decline in
vitality during the first two years of storage, but will fall off gradually thereafter.

Scarified seed of alfalfa will lose total vitality rapidly during the first two or three years of storage, but
scarified seed of sweet clover and red clover lose vitality gradually when in storage. Scarified seed of
these three crops will not retain its vitality as well as non-scarified seed.

The hard seed content of alfalfa decreases rapidly during the first year of storage and gradually during
the following years.

With sweet clover and red clover, the hard seed content of the seed in cold storage falls off rapidly
during the first or second year in storage, but the seed stored in the laboratory decreases slowly in hard
seed content during storage.

Seed stored with 12 percent moisture loses vitality more rapidly in storage than dry seed. Cold storage
is better than storage in the laboratory for seed with 12 percent moisture.

There is no advantage in keeping non-scarified alfalfa seed in cold storage. With scarified seed,
however, both germination and total vitality are maintained better in cold storage than in the laboratory.
The germination of red clover and sweet clover is higher for seed kept in cold storage than for seed
stored in the laboratory.

The total vitality of sweet clover does not seem to be greatly affected by the method of storage. The
total vitality of red clover seed will he maintained better in cold storage than in the laboratory but the
advantage of low temperatures will not be apparent until after the seed has been in storage from two to
four years.

Jhere cold storage is advantageous as a means of maintaining vitality or increasing the germination,
storage in air-tight bottles is most efficient. Jhen seed is stored in the laboratory, there is no difference
between storage in air-tight bottles or in sacks.



JSKPSCT OF DIFPiiRKOT MKTHODS OF STORAGE UPOH nliL. VITALITY OP
SCARIPIKD ATO HOH-SCABIPIED SKED 0O«* ALFALFA, SWEEP CLOVER

AITO PED CLOVER

By
W. D. Hay

B. S., MOOTAHA STATE COLLEGE OP AGRICULTURE

Aim MECHANIC ARTS, 1924

$***********

A THESIS

submitted in partial fulfillment of the

requirements for the degree of

MASTER OP SCIESCE

MONTANA STATE COLLEGE

OP AGRICULTURE AND MECHANIC ARTS

1932



CONTENTS

w
Page
Introduction ---—- - —u " — 4
Experimental - —— - %
urpoae of otuciy — — 9
ethod of procedure *——- —-—B - M IM kx 9
eaulta and discusaion — 15
. Xxperimenta with alfalfa seed 15
experiments with sweet clover seed ---—-——"—-—-—-. 30
experiments with red clover seed — e e 46
Suianary and conclusions —— — — — — _—— 62
Acknowledgements — — — 615
Literature cited ----—--—--—-—--—- — - 64

13221



EFFECT OF DIFFERENT METHODS OF STORAGE
UPON THE VITALITY OF SCARIFIED aND NON-SCARIFleD
SEED OF ALFALFA, SWEET CLOVER AND RED CLOVER

INTRODUCTION

The phenomenon known as "impermeable"” or "hard seed"”, occurring
in the seeds of leguminosae, has been recognized for many years.
However, it was not until rather recently that workers in the various
fields of agriculture became interested in the practical importance
of this problem.

Hard seeds were so named because they are not readily permeable
to water, hence remain liard under conditions which normally are
favorable to germination. Farmers, seedsmen and agronomists have
been concerned mainly with the relation of hard seeds to plant
production and in the development of methods to overcome the effect
of hard seeds upon germination. Freezing, excessive heat, chemicals
and scarification have been tried as methods of making hard seeds
permeable, but scarification by machinery designed to scratch or
crack the seed coat luis proven the most practical method of inducing
prompt germination. However, the development of scarification has
added other problems to ai already complex situation. One of the
most important of these is the effect of scarifying upon the keeping
quality of seed stocks which must necessarily be carried over from

year to year.



Figure 1. Appearance of hard seeds, germinated seeds and
decayed seeds (X 6): A, germinated seeds; 3,
decayed seeds; C, hard seeds.
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REVIEW OF LITERATURE

Scarifying has been successful as a method of overceming hard
seeds in 1egﬁmes betaunsge the seat of imperﬁeability 1ies so nesar the
éurface of the seed,

Nelson (12) working with sweet peas and other large seeded
legumes found evidenge which }éd him to believe'thét impermeability
does not lie in the éeed coa%}itéélf;'buﬁ in a varnish-like covering
on the seed surface pfo&uced by the pod. Schmidt (14) believed that
hardness of seeds 4is due to a waxy suhstanée co&ering the seed.coat
.and consisting of one layer in alfalfé and two layers in sweet clover,

Coe and WMartin {2), however, believed that imﬁermeability in
sweet clover seed was due %o an impervious layer known as the
"*light line*". They describe the light line as extending entirély
around the seed coat in the outer layer of %he thick @ailed cells
khown as Mélpighian cells. _They found that siructurally, permeable
and impermeable seeds differ"mainly in the amount of thickening
which occurs in the walls pf'the Mélpighian cells, Phéey state that
the thibkening of the Malpighian cells is mofercoﬁplete'in the
impermeable seeds, leaving fewer and smaller canals across. the light
line .as well as closing the dell luming in the region of the iight
lines |

Miss Lute, (11), working‘with alfalfa, céndluded thaﬁ‘the
absorption ﬁf water through the seéd coat is governed by:the palisade

cells and not by either the cuticle or the light line. She was able

to obserye no struchural difference between hard and permezble seeds,
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White (?){ after a microscopical examination of the seed coats
of sbout .70 species of impermeshble seeds concluded that, "As a
generai|ru1e in sméll and medinu-sized seeds the cubicle is well
-developedy'gnd represents the iﬁpermeabie part of %the seed-coalb;
'whiist in the case of Iargefsééas the cuticle is extremely unimporbant
and irconspicuocus. In‘these-SQeﬁs the_extré@elresistance which
‘they exhibit aﬁpeérs'ﬁo be;located‘in.ﬁh@ palisade cells."

Whi%comb.(17), aﬁaféd thet ¥ichalowski of Germanylandlﬂilson
of Sweden were among the first to develop machines for reducing
the hard seed content 6f legumes by scratching or bieaking the seel -

- ceat. The maﬂhine'perfééted By Michalowski cénsisted of two rollers |
between Qﬁich the seed was paséed. One voller was roughened lime

a file; the other was covered by a rubber ma¥. Nilson's machine
scratched the seeds by throwing them against an emeryvcjlinder‘which
revolved at a speed of 3,200 revolutions per minubte. Laber machines
nsed sanﬁpaper as the abrasive and scavified the ssed by foreing it
against ﬁhe sandpaper with motor driven fass. Still laber developments
employed fthe use of aentrifugal forcé £o throw the seeds against |
rougheﬁgd surfaces.

At fiﬁs%'investigators were enthusisstic about scarificabion
becanse lahoratefy tosts ghowed that practically all~§f #ﬁe har& seeds
could be eliminated by caréful scarif&ingg Seedsman quickly ddopted
scarifiuation'because it made seed sales easder by increasing the
prcmét sermination. However, more recend investigétors who have

conducted field btests and studicd the longevity of seeds have begmn
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to doubt the advisability of scarifying sxcept where a lo§ of seed
has an wauswally high haid seed content.

Graber {9) states that, mypile the results of experinents

indicate the sffectiveness of scarification for the improvement of

immediate germination,.its influence on the longevity of alfalfa seed

seems to be delelerions in .chavacter.v

Whitcomb {17) concluded that, "Field tests indicate that legumi-
nous seeds which contain appieciahle amounts of hard seedé are
seldom benefited by treatment ained %o reduce the hard seed content
except in the case ofysweet clover which is in %he hull or which
contains 50 percent or more of hérd seeds.®

In reporting on kis investigations with hard seeds, Schmidt (15)
said, "Scarificaﬁion of alfalfa seed need not.be practiced.”

Since seedsmen and Tarmers frequenﬁly'keep_segdﬂin storage for
. two oy more &ears; the effect of conbineed stnrage‘ﬁpdn the vitaliby
of the seed, particaiariy if searified, becomes iﬁportanta |

In studying lomgevity, Dorph~Peterson {4) found that seeds of
legumes with good initial germination reﬁained it in %he third
year. After %hrea,years thé germination declined, but the hard seed
content remained nesarly consiant.

#ahlen {18) found red clover %o germinate 24.4 pevéent with
" 56.8 percent hard seeds after being siored for 14 years in botﬁles
at room tempergtﬁrés; Alsike clover germinated_ﬁﬁ.ﬁ parcént with
59.8 percent hard seed%;

Lafferty (10) reported that a sample of red clover seed having
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an original gernination of 94 percenk with 5 perocond hapd seads
germingted 33 percent with 4 peréenﬁ hard sceds when stored in
paper bags in i;}w laboratory for two ';;s-axsg and O with 3 percenb
hard seeds afier 12 years. White clover and alsike logh witaliby
more graduslly, budt were nearly as lov az the ved clover by the '
and of $he 12-year period.

Graber {9) found that 4lfalfa seed stored in a cool dry base-
ment showed o falrly proportionate decrease i gemminabl on with
age. Thres lots of seced germingted 47 pereomt afher they hsd been
in stﬁrage for X0 to 12 years.

Dowell [5] bases the following conclusions on the vesulig of
fopy years® works

1. "Scarified sesd of either alfalfa or sweet clover may be storsd
one year without serious loss in v&abilityq'

2o "Searifiesd seed of bolth alfelifa anﬁ swaet clover lose viability
rapidly atffer one year in storages

3. "Unscarified sweeh ¢lover sepd nay be kepd in sborage s'emaml
years withoub loss in viability..

é.; "Hard sseds in aifaifa become viable afber one or wore years in
s%orageg*

The method of sturage anmd degree of hardness play an inportant
part ia the longevity of the seed. Duval (B) found that the vitality
of seeds was best ;}reserveé when the seeds were carefully harvesied
and stored in a 4ry cnmparativély cool place. The results of his

tests show that alfalfa and red clover lost vikality very rapidly
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vhen stored in the soil at thfée depths: & to é‘iﬂches, 18 tb 22 inches,
an&'36 ﬁo 42 inches. @oss {8y reporting on a contlnnation of Duval's
work found Yhat there ware no viable seeds of alfalfa left after six -
years in storage but red clover still had,a few viable seeds after 21
years. Seed of some species of'weeds, hpwever,Ageréinaﬁéd over 90
percent aftér'being stored in the soil for 21 yéarso After the first
few years, practically all the viable seeds of red clover and aifalfa
were hard seeds.

IA 1879, Besl {1) buried 20 lots of fresh seeds from 21 species
in wncorked bostles. Thé seéds were mixed with sénd in +%he pdtmles.
and buried 20 inchesfbglew the surface on a sandy knoll, Tests werse
made at five year‘perioéso Thefe were 1o viable seeds of white. clover.
af the end of the first five yéar period. ‘

Darlington (3) reporting en a qontiﬁuationJoﬁ Bealts expezjiment9
fougd that~certaih épecies of weedsp'ﬁotébly Amaranthus, Oenothera and
Bragsica still had good gezminatAon afﬁer.40 years.

One of the most convimcing records of i;hgefi%y in hard seedg is
that reporﬁed by Ohgs (13) in which he secured 100 percent’ germination
from seeds of Hindu_lotus which he estimated had been buried not- less
than 120 years, .and might have been buried as long a8 200, or even 400
years. These seeds were fpund from oneahalfjta ﬁwo»thlrds-of‘a neter
below.the surface, ‘

Bwart {7) secnréﬁ T0.3 pefcent gefmination fraﬁ seeds  of Melilotus
gracilis aftér they had been stored in a dry, airy; dark cﬁpﬁoard for

50 years. He states that, "Even the most resistant seeds'aftér,ﬁo to
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100 yeare shew a pronounced decresde in the percantage of gesminstion,
ard the general #reml_ of the curves 19 such as do show % Lhe prob
able extreme duration of viﬁali_ﬁ;g:r foxy exn;% knoun seed muy be sef He~

tween 150 and 250 years.?

BAPERINEEDAT,

Purpose of Study

This report sives the results of a study planned to determines
{1) the effect of different methods of storage on the vitality of
searified and non-scarified seeds of alfalfs, red clover and sweeh
elovaers {2) the ‘ei‘iéct, of mearification on the vitality éf these.
seeds during storage; (3] the lenglh of time that these sseds majz
be stored withoub serious loss of viﬁaﬁi%ya ’

Laborabory and field germination Tests were used as the Moasuve
of vitality. The tables _an& graphs have been arrariged sb ag o pre- ‘
sent the dabta from sevex;al angles, and %o rgiva. ‘E;hen reader all the in-
formation available from this study..

Hethod of Procedute

In June, 1924, one lot sach of alfalfa, sweet clover and ref
¢lover was divided into thres paris. Part one was carvied Through
the experiment withoudb scarification. Using the "Ames Huller and’

Searifien”,* part two was scarified at & speed of 2,040 revolublons

- ¥4 photograph of the “Ames finllor and ocarifier? used in this
experiment is shown in Pigure 2. The seed passes through the
fan "B", and around the loop "C", which is lined with coarse
sand. papar. ‘ ' ’
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Pigure 2. Ames Huller and Scarifier used in scarifying seed for these
experiments. B, fan which forces seed around loop C. C,

loop lined with coarse sandpaper for scratching the seed
coat.
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ﬁer minute, aﬁd part thres aﬁ‘fhe'rate of 2,é85-revo1u%iQns.pe¥ minute.
Afser Ecariiying'pawﬁs two and three, each of the three pérﬁs of the -
orignal lot was &ivided into six lqté and'siored as Tollows:
A.. Cloth sack in geed lgbo?atorya abt femparaﬁures rangiﬂgfffbﬁ 17 %o

25 degrees céntigiadea

B. Air-%ight bottle in seed iaﬁératoryg §Emperatures as sbove.

e lAir-tigh‘b bottls in Sesa:d lsboratory, moistare 12 perceﬁt,*i'
tempegatume; as‘abqveg

G. Cloth sack in cold storage, tempﬁrafures ranging ‘from two o
8ix degrees centigraden | .

D, Air—tiggﬁ hotile in cold storage, temperabuiss as ahgvéo

F. Air-tight bothle in cold storage, moisture 12 porcent,
temperatures as above.

Laboratory and fisld germination tests wers made sb the time the
seed was pub in shorage. Himilarx tesbs were made euch spring there-
after to determine the vitality of 3he sged afber storage.

In June, 19@6, three additional lots each of éifalfa? rad clover
and sweet clover were added $n this exﬁerimentm, In this instance,
the lots were div1ded into two parts, one scarified at 2,450 revo=-
lutions per minute, the other used as a check without scarification.
The conditlong uwnder which the gsed was stored for ﬁhis'pért'5fithe
gxperiment were the same as for that started in Juné 1924, except

that no seed was stored with 12 percent moisbure.

*The seed storved with 12 percent moisture in 1924 had an average
moigture conteny of 9.5 percent in 1932.




Figure 3.

Appearance of seed after scarifying (X 6):
A, scarified but showing no injury; B, seed
coat cracked or chipped; C, portion of cot-
yledon exposed but not broken; D, small
portion of cltyledons broken away; E, about
one-third of cotyledons broken away.
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5101t1ng paper was used 885 thc substratun for making the 1aborawf
tory germlnatlon sesbs. Dupllcate~tests of 100 geeds each were nade
at a4 consﬁanﬁ‘temperature‘df*éo‘degrees centigrade; Preliminary
counts were made in %hree.dayéfanﬂ:the final combs in six dayg?

The field tests were‘maﬁé-in'fhree fcst rows one foot apart.
ngding twﬁ'replicationg of ieo.éeeisq-.In making the field tests care
was btaken to pro&;de-as near'optimﬂm soil and moisture conditions as

possible. Thirty to 50 days were required for the field tests.

RESULTS AND DISCUSSION

Tables I to IV, VII %o X and XITI to XVI give the results of the
laboratory dnd field germlnation tests secured during this exnerlment.
The "tobal vitallty" of the seed from year to year, determined. by add-

ng the percentages of prompt germlnatlon and hard seeds, is given in
Tahles v, vI, XI, XII, I¥ITI and XVIII@ In Figures 4 to 6, 10 to 13,
and lé 50 la,Acompariéona‘nf’tha effect of storage on the,géimiﬂation
snd hard seed percentages of scar1f1ed seed and n@n-scarlfled seed
sre shown graphically. These resulbs were»obtalned‘by,averagzng all
methods of sbtorage. PFigures 7 %o g, 13 to 15, and 1% to 21 show the
'effegt of different méthods'ef storaze upon the germination and havd
seed.percentages when all tests f?r each method of stnragé were
averaged.

Experiments With Alfalfa Seel

Scarifying alfalfa seed increased the initial laboratory germina-

tion. These increases in germination were carried through the first




Table I :
Laboratory germination of scarified and non-scarified alfalfa see

g @ g o g w g w g E un E w
%4) . é @ s{l.)‘ Q é; ] s(%; U: % q s [
&) = <4 = KA e ) =~ L&) 2=} (&} j2=4 S s
Lot Scarifi- Storage x W 3% ST %R OB B oW WO WOwW W W
No. cation method. 1924 1925 1926 1927 1928 1929 1930
1  none ‘AT 61 36 62 20 48 20 43 18 48 14 46 8 41 7
B , 87 17 35 10 59 6 - 40 10 . 46 4 47 4
B 47 12 32 -7 4 1 24 2 18 3 23 2
¢ 51.28 41 21 38 12 3% 13 3% 14 35 9
D B85 27 49 22 53 18 46 28 53 11 53 - 7
P 54 256 44 20 41 23 40 36 48 8 37 12
1 2040 A "3 26 Tl 9 33 4 36 6 36 -7 29 9 32
R.P.M. B ' 7. 8 52 6 29 8 38 5 - .33 8 31
B 52 & ~ 28 B 21 3 21 2 26 0 13
c 65 13 44 9 34 9 26 ¢ 85 6 28
D 64 18 49 .12 54 9 49 8 38 10 4z
F 61 15 47 11 45 9 a2 8 37 9 34
1 2885 A 81 15 67 7 25 4 23 2 . 27 B3 - 26 4 27 1
R.Po M. B 75 1 32 3 28 1 24 3 23 2 .18 1
B .51 2 71 7 1 4 0 1 1 3 0
c 75 7 54 4 40 4 22 2 8 1. 21 1
D © 63 -6 60 4 B7 2 48 & 47 1 .41 1
! F 68 2 58 & 48 8 38 4 45 2 35 3

stored under di fferent conditions

*See page 1l for detailed explanation of storage methods.
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Table II
Laboratory germination of scarified and nou-scarified alfalfa sceed
stored under different conditions

1928 laon7 1928 1929 1980 1931
Lot Scarifi- Storage Germ. H.S. Germ. H.S. flerm, H.8. Germ. H.8. Germ. H.S. Cerm. H.S.

No. cabtion mebhed Percent Percent Percoent Percent Percent Percent
2 none A B2 45 87 21 66 13 66 14 68 8 69 8
B 66 25 87 15 71 8 71 7 73 2

a 57 351 63 - 25 63 26 83 21 57 2%

D 5Y  B7 6% 23 62  av 66 20 59 16

2 2450 A 64 20 74 g 85 S sz 7 4“4 3 39 0
R.O'P.q}t{a‘ B 73 7 ° 62 2 4:5 1 45 2 40 2

- ¢ 80 6 81 7 VL 3 68 4 68 2

D 77 ki 82. 4 75 2 69 2 71 2

3 none A 37 57 57 33 &8 19 64 1% 70 12 87 11
B 67 18 2 16 2. 16 7110 71 8

¢ 55 35 60 25 81 27 64 20 ‘58 18

D 55 27 61 31 58 28 57 21 .66 20

3 2450 A 61 18 72 7 80 3 40 5 3Y 1 35 2
R.P M. B 76 7 53 8 56 4 36 2 38 2

¢ 70 8 71 2 61 6 73 1 58 3

D 65 6 69 7 65 4 5% 2 56 4

-4~ none A 36 60 57 33 69 23 69 22 8L 9 74 10
- = ‘B 59. 34 68 26 71 23 80 8 74 8
SR ¢ 43 49 44 Bl 48 46 86 29 67 22
2T = D Bz 46 46 49 56 3% 45 40 58 %1
_ 47 Z2am0 A 65 28 v 9 6 10 s 7 8 5 5z 4
== R.P.M B 72 14 58 10 54 18 56 g 50 - 4
£ = ] I 76 11 . 78 v 76 5 67 4
= D 69 18 77 12 78 11 7% 8 65, 4
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Legend
_ Non-scarified

Scarified 2885 R.P.M,

1926 1928 1930 1931

Figure 4. Laboratory germination of scarified and non-scarified
alfalfa seed.



Percentage of germination

Figure 5
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Legend
Hon-acarified

Scarified 2450 B.P.M

1927

Field germination of scarified and non-scarified alfalfa
seed.
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Legend
Non-acarified

1924 1927 1930

Figure 6 Hard seed content of scarified and non-scarified alfalfa
seed.
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year ofﬂstorége, but after two years, the germination of the scéfified
seed was practically the same as that of the non-scarified seed, and
for the remainder of the eiperiment was lower than that of the non-
scarified lot. ¥The initial exm&nnt1on of the non~scarifiea aifalfa
seed was 61 percant;* when scari£ied at 2,040 yrevolibtions per minante,
7% percent; and at Z,SBﬁ‘revo;ﬁﬁibns, 81 peré@nﬁ. {E&blé 1o If an
average of all mebthods of aﬁcrage can.be-takén a8 %epresentativé; the
germination after two years of atorage waé_éi percent for the ndﬁ;
searified seed, and 42 and 41 pevcens reapecﬁivalj for the scarified

seed. In 1981, aftor seven years of storage, the germination was 37,

29, and 18 percent respectivelyw {Figure 4}. The hard sead*contanﬁ

of both scarified and nonracaV1.led.alf&lga ddorensed rapidly durlﬁg
the first year, and more gradually thereafter. %he initial hard -
seed conbtent wag 56 neﬁcent fov the nonwscmr1fleﬁ seud, 25 percent -
for the seed scarified at 2 .,GAO revolutions per mlnuﬁo, and u~pafcon+
fbr that searified at 2,085 revolubions per i ﬁute. in 1925, after

ong yesr of storage it was 21, 11, and 4 L percend; and in 198L, after

.8even vears, 7 5, and 1 percent resuectively; {Eiguxe 6).

Seed comtaining l2 percent moisture and.ﬁtered in air-tight
bottles in the laboratory showed the most marked decrsase in germi-

nation. {Figure .7}. The initial germination of the nom-scarified

*The germination as stated by seed companies on their labels is
the sum of the percentages of prompt germinafion and hard sceds
but “the percentage of germlnatlon as used in this paper does not
include hard seeds.

*The term hard seed is used in this paper o designate seeds which
remalned~1mpermeable to water duging the six day germinstion testo




Table ELI
Tield germination of scarified and non-scarified alfalfa seed
" - ghored under different conditions

Lot Scarifi- Storage 1924 1925 1926 . 1927 .1928° - 1929 1930 1931 .
No. cation method Germ.% Germ.% Germ.% Germ.% Germ.% Germ.% Germ.4 Germ.%

1  none A 45 36 41 40 84 36. 13 32
- B 50 | 34 45 27 38 23 23

B 52 23 15 20 8 6 6

c 24 = 36 19 18 26 24 18

D 34 33 34 34, 53 26 29

P 51 33 26 27 36 17 23
1 2040 A 42 27 26 19 22 28 10 16 -
R.P.M. B 38 15 24 27 32 17 14

B’ 28 . .21 13 14 14 3 3

c 36 .23 19 14 22 13 14

D 30 29 25 25 44 13 16

¥ 26 41 25 22 - 39 7 11

1 2885 A 46 25 20 9 15 20 8 8
R.P ., B 31 2% 11 15 17 9 2

- B 29 16 4 3 2 1 1

c 41 51 11 13 14 v 5

D 44 "36 20 21 33 14 5

i 36 - 39 14 16 54 14 6




| Table IV - ,
Field germination of scarified and non-scarified alfalfa
seed stored under different conditions

Lot Scarifi- Storage 1926 1927 1928 - 1929 . 1930 ° 193]
Fo. cation method Germ.% Germ.% Cerm.? Germ.% Germ.? Germ.?

2 none A 52 70 Bl . 64 41 47
B 78 49 67 40 22
C 63 57 69 4z 31
D 77 43 67 ‘48 26
2 2450 A - 40 60 42 50 18 11
R.P.M. B - BO 35 47 24 10
‘ ¢ 49 . 50 63 47 14
D 64 42 - 64 35 I}
3 none a 63 74 51 7t 36 20
B 79 55 . 83 45 24
I 77 56 66 51 30
D 69 54 65 78 33
3 2450 A 45 80 27 42 24 6
R.P.M. B . 60 31 41 12 14
o ¢ 57 37 69 3% . 20
D 55 48 56 29 . 9
4 none A T4 71 66 73 B6 . - 41 -
B L B ¥l 66  BD ' 38
¢ 60 54 63. 4D . B3
)] 66 69 54 81 53
4 2450 A 58 62 44 39 - 25 5
R.P.}. B 61 40 41 42 20
- - ¢ 69 48 72 26 35
D 65 44 66 - 29 85

T3
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Legend

Sack seed laboratory

Air-tight bottle seed laboratory

Sack cold storage

—. — Air-tight bottle cold storage

12 percent moisture seed laboratory

— 12 percent moisture cold storage
1925 1928 1930

Figure 7.

Laboratory germination of alfalfa seed comparing different

methods of storage.(See page 13)



Percentage of germination

g Legend
- Sack seed laboratory
Air-tight bottle seed laboratory
Sack cold storage
Alr-tifrht bottle cold storage
- - 12 percent moisture seed laboratory
— " 12 percent moisture cold storage
|
/[ = /1
/ \r-
/ <// /
\ W
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"\\ X\
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1924 1925 1926 1927 1928 1929 1936
Figure 8. Field germination of alfalfa seed comparing different
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methods of storage.

(See page 13)

1931



Percentage of hard seeds

Figure 9.
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Hard seed content of alfalfa comparing different methods of
storage. (See page 13)
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. alfalfa seed was Bl percent plus 35 percent hard seed. (%éble 1.
In the seegnd year; the ﬁnarscarified éeed stored in the laboratory
at 12 percent moisture germinated 47 percent plus 12 percent hard

' séed. ThHe final germination in 1951 was 17 percent plus,é percent
hard‘seea. This Ipag 'in germinétian was @ven more’broneﬁﬂcad'fbr
the scarified se=d stored in the ighofatory'wifh 12 percent moisﬁuréa
The 1931 germination of this sead,scarified at 2,040 revolutions per
minute was,lz'percenﬁ ﬁlus 2 percent hard seed, and that scaiifiéd at
2,885 revolutions per miﬁute was.oniy 1 percent, with no hard seeds.
On the other hand seed with 12 percent moisiture did no% decrease any
moﬁe rapidly in germinaﬁion.than %¥he dgy seed when kept in cold
storage. (Figure 7},

Tigure 7 algo shows thatb there was no advantage in having the
seed in air~-tight bottles when stored in the laborabtory. From 1926
on, however, the sesed stored‘in air—tight'bottles in.colﬁ,ﬁﬁorage
gave the highest.geﬁminatian; Af%e? 1927 seed kept in sacks in cold
storage had lower germiﬁaﬁion Than seed'kepﬁ iﬁ sacks in fhe_labcra~
tory. |
The germination of alfalfa under field conditions was not in~

creaged by scarifying. The initial germinations were 45 percent for
the non-scgrified sesd, 42 percent fof that scarified a% 2,040 revo-
lutions per minube and 46 percent for that searified at 2,885 revo-
lutions per minube. (Rable TII). With the sicepfion of the seed

stored in the laboratory with 12 percent moisture the field germi-

nation of the non-scarified seed fell off slowly during the lengih
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Lot Scarifi- Storage
No. cation method

1 none A
B
B
c
D
o)
1 2040 A
R.P,LM, B .
B
¢
D
7
1 2885 A
R.P.M. B
C
c .
D
¥

1924

9%

98

96

1925

B2
64

59 -

79
82
79

80
79
56
78
82
76

74

76
53
82
69
71

fable V
Percent total vitality*of scarified and non-scarified glfalfa seced
stored under different conditions

. 1926

68
4b
89
62
71
64

37

&8 .

31
53
61
58

29
35
18
58
64
64

1927

61
63
35
50

71.

64

42
35
24
43
63
54

25
24

B
44
59
54

1928

62
50
26
46
74
76

43
43
R3
37
585
50

30
27

4
24
52
42

1929 1930

54 48
50 51
21 25
4% 44
64 60
56 49
38 35
39 33
26 14
41 32
.48 48
46 38
29 28
25 19

2 3
19 22
48 42
a7 38

1931

49
50
23

35

54
50

- a9

36
14
25
39
42

23
21

"1

11
27
20

*Percent total vitality determined by -adding percent prompt germination
and percent of hard seeds. -
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Table VI .
Percent total vitality of scarified and non-scarified
alfalfa seed stored under different conditions

Lot Scarifi- Storage
No. cation method 1926 1927 1928 1929 1930 193

2 none A 9% 88 79 80 . 76 77
B 91 80 79 78 75
k¢ 88 88 89 84 - B0
D 94 85 89 88 75"

2 2450 A 84 82 66 49 47 39

R.P.M. B 80 64 47 47 42
¢ 85 88 76 ¢ 2 (¢
D 84 86 7. M 73

3 none A 94 90 87 81 82 78
B 85 88 88 81 79
c 90 85 . 88 84 76
D 82 92 . 88 78 86

3. 2450 A 79 79 63 45 38 37

" Rl.P.i B 83 55 60 38 40
¢ . 78 73 67 74 81
D 71 76 69 59 60

4 none A 98 90 92 91 20 84
B 93 94 94 86 82
¢ 92 95 94 95, 89
D 98 95 93 85 89

4 2450 A 89 86 72 59 56 56

RoPoM. B 86 -68 69 65 54
c 85 87 85 81 71
D

85 89 89 81 69

_ZAZ-
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of the experiment. The scavified seed lost vitality. more rapiéhy'
{Figure 5) although the decreasc was not as' pronounced as was. the
case with the blotfoer tests. Figure B shows the effect of difﬁerenf !
methods of storage on field.germina%ipn. Sesd stored iﬁ the labora=
tofy with 12 percent moisturé lout vitality very rapidly. Thef@ WS
‘no great difference bebwoen tﬁe other meﬁhc&s ofléﬁorége; alﬁhﬁﬁgh o
seed kebt in airwtighﬁ bottlé8 in cold storage consistently gavéﬁ |
slightly higher germination, ' N
It will be notéd that the field germinmbion of alfalfé seed’

was higher in 1929 than in 1928. This belileved %o be dus to the
almost ideal conditions under which the- fisld %egts-wére nmade Lo

1929, Whéréas, the tests in other years we?e made undex mbne hearly
average condivions. Sweed claver—am@ red clé;er also showed higher
germiﬁation resﬁlhiﬂé from the exceptiona;ly favoréb1e conditions
prevailing in 1929. o

The total vitality of tﬁe'alfalfa séed,lﬁetermined by adding .

the percentages of promp% germination and hard sesds, is shown in
‘Pables V and VI. BAarificatian did not affec% the totallvitalit; of
 the ségd scarified in 1924, but lowered %ﬁe viﬁaiity[of that scarified
ig 1926. The seed stored inllﬁzé,sﬁowed rapiﬁ'deoreases in total
vitality @uring the first fwo years of shorage bub féil'off glowly
during'thé rémainder«of thé experiment; The non-scarified seéd re-
tained its vitality %o a grea%ef degree than ihé scarified seed.

The seed stored in the laboratory with 12 percent meisture iQsﬁ vi~-

tality mést rapidly while that stored in air-%ight bottles in cold




Lot Scarifi- Storage
cation method

No.

1

1

1

none

2040
RePoH.

2885
Ranﬁﬂ'

Hodaos®kF =R e N o -

HUQEmwe

Germ,

Fl

[<

% He S.

1924

20 72

48 43

61 B30

4 Germ.

24
22
3
58
41
58

51
52
31
75
64
69

59

- 65
53

81
80
77

2% H. S, .

19

69
76
39
46
24

34
38
58
18
27
16

26
22

16 -

12
11

.  Table VII . '
Laboratory germinabion of scarified and non—-scarified sweéed clover seed
stored under different conditions

w
¢

o
W
1326

4 Germ.

14 71
17 68
2 58
65 3R
50 40
44 30

34 45

47 34
25 35
61 21
82 22
54 18

38 22
365 16

5 14
7 7
62 13
57 9

28

35
22

5]
40
67
33

4%

39

82
12
28
49
42

36
33

36
40
10

-6~
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storage had a congistent advanitage over the obher methods of storage.

‘fhe three lois of alfalf;a; added %o this experiment in 1926 were
salected because of their exceptiomally high hard seed conmbenmt.
Although these lots were ihét’orage only fiwvre‘years,' the xesults.gre '
similar to timss obtained from the seed stored in 192_:4; The fisld
germination was lower with thé ,zsca;fified‘ﬁ.eed but the iniﬁial,léf;bam-f
vory germination was ;‘.ﬁcrea{me& by scarification. The hard seed "c-o,:a»"
tent of these lots de.c.rea.se‘d rapidly during the first two yeai*s -of
steraée bot the éééminatioh‘increésedo {Tabla 11). Afber two years
of storuge, hawe’vef, the g—amingt:‘r.on slowly decreased. The loss in
.vi“uali‘py ‘in buth the 'laborgtor;} and fiold tests was slowest Qi*bh the
samples of highest hard seed conbent and the scarified seed lost wi~
tality most vapidly. From the siaandpoiﬁ% of Hobal vi’sal'iéﬁy‘%hexfe. was
no adventage in favor of any mebhod of storage for the non-scarified
seed stored in 1926. In 'ﬁhe'(:as.e of scarified seed, howeve:'-; cold
gborase began %o show a decided aé.vax;’saga- after the second year.
{Tabla Vi),

Bxperiments With Sweel Clover Seed -

Phe pesulis secured from the sxperiments with sweet elever ssed
aiffer frow those obtained with alfalfa seed in four important points:
(1} fthe loss of vitality in storage was not as rapid; (2} the hard
sead coméxﬁ -&i(l not deerease rapidly during the firsv yedar of étcr«
age but decreased gradually doring tha entire length of the experi——
menbs (5). scarifying inersased the field germination which benefit

wgs still appavent afbter the mesd had ‘been in storage fo}.si'x jeﬂrs




" Pgble VIIT
Laboratory germznatlon of scarified and non-scarified sweet clover seed
stored under different conﬂltlons .

1926 . 1827 1928 1929 1930 19381

Lot Scarifi~ Storage Germ, H.S. Germ. H.8, Germ. H.S. Germ. H.S5. Germ. H.5. Germ. H.S.
¥o. cation method Pereent . Percent Percent Percent Percent Percent
2 none A 18 .55 15 61 16 55 14 53 11 57 8 b6
)] ' 19 59 17 49 15 E8 . 16 53 g9 48
¢ 22 bb 26 58 44 Bl 36 34 54 9
D 22 B 34 44 29 45 54 BB 44 8
2 2450 A 72 9 8% 5 57 - 4g 9 &8 5 39 7
RePoM, B 68 7. 66 .12 53 5 4% 6 85 4
C 7a 3 70 6 68 2 . B 4 56 2
D 72 8 75 4 62 6 62 4 a4 1
5 none A 35 43 24 40 12 53 26 48 26 47 21 40
' B 3 5% 21 37 25 43 31 Bl 19 35
g 29 57 ., 48 33 56 35 33 29 51 8
D 37 B3 44 B2 37 35 41 24 55 9
'3 2450 A 55 16 60 14 67 11 0 10 42 12 29 6
" RoP.Me B 66 B 54 7 B0 13 40 7 26 10
g 8l 9 71 8 81 7. 55 3 46 2
B 64 8 6% 11 5% B - B 5 44 2
4 none A s 71 25 B8 18 63 21 &7 14 63 17 49
B 20 65 25 58 is &2 i3 &8 15 64
C 25 63 32 48 84 49 B30 b2 4} 27
D A7 " . 27 B4 26 B8 28 - B3 40 34
4 2480 A 70 18 46 18 85 12 47 17 45 11 84 B
RoPoMe B 65 16 65 10 4% 11 39 12 45 6
, tH 75 11 74 8 65 7 56 8 55 3
D 5] 9 70 6 67 7 58 7 48 4

-1g~
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Legend
Kon-scarified

1927 1931

Figure 10. Laboratory germination of scarified and non-scarified
sweet clover seed.
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Figure 11.

Field germination of scarified and non-acarified sweat

clover

1926

seed.
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1927

Legend
Non-acarif led
Scarified 2040 E.P.M,
Scarified 2885 E.P.M,
Scarified 2450 E.P.M

1929 1930

1831



~Bh~
but' éisép?e&reﬁ in the seventh yosry {4} seed kept in cold sterass
gave highay germination both in tha laﬁ:ﬁra‘ﬁom and in the £izld than
sagd stored in the laboratory althourh the hard sesd contpns 'z-::f recds
seed stored in the laborabory resained the highest. |
Bl ini‘c ial Lsboratory ggarmiﬁaﬁi@n of the non-searificd sweel
clover seod sioved in 1924 wan 20 peresnts Tor the seed scarifibd af
2,040 reveolubions par'miﬂute, 48 percenty and oy that searified at .. )
2,885 r-sﬁolutioﬁs pzzr minuts, 81 percent. The inldiasl hard—saeéf.
content was 72, 45 and B0 pertent vespectively. (Table ¥iI). In
1986, =fier two years in s;_ﬁarages the average gernination ot ;_ali-
netheds of storage was 80 perdsnt for fhe nﬁn—-sﬂarifieﬁ seér&? &7
parcont Loy that searified ot 2,040 ravcl’uﬁisﬁs; per ;ﬁzimﬁz"a and 44
. peroant for the ssed scarified ab %, 885 revoluiions per winufa.

In 1931, afier soven years, it was 22, 3%, and 26 percent respet-

ok
e
5
£
2
3
oty
iy
e

gure 10). ,_f,éhe hard seed t:'e‘n{:e’nt -aﬁ;ai* two years man 5Q,
29, and 13 percenk; afher seven vears, 435, 28, and 10 percend re-
s'peci::?_vely. {Pigare 22}, _ffhéa aged fiéa?ifi(%d_ st 2,885 rmml#ﬁiozm
per minube 4id mwit rebain fis vi%é}.iﬁs;r &siaﬁg as that receiving
the 3.&'58 severs scarificabion at '_23(25.&3 ré&@iuﬁiaﬁg per minube.

45 was the case with elfalfe the seed ﬁi:omzi in alr-bight
bottles In the Iaboraiory with 18 percent molsibure »10% vii‘zéxiity
more rapldly fhan the sesld shored in aﬂ;,r q'isﬁa'ﬂ. manner alﬁhuugﬁ thne
havd seed content of the non-gcaritied seed émma by Bhis gigé}t?xmd,
?emaineﬁ highs Against an Andtial g&az:m‘imﬁbn of 20 percent plus

72 percent hard seed for the nop~soarified seed, the gez?minaﬁién in




45

30

1924

Figure 12.
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Legend
Non-scarifi ed
Scarified 2740 B.P.?f

e Scarified 2450 P.P.M

1927

Hard seed content of scarified and non-scari fled sweet
clover seed.

1931
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1926 was 2 percent plus 88 percent hard ssed aﬁd Ln.lQal, 4 per-
cont nlua B3 navcenﬁ hard seed. TVor .ths sesd scarlflad at 2,040 -
Aevolutzonn per mimybe the initisl germinatiun wal 48 percent plus
43 Mercant hara seed, In 1926, 23 percent plus 35 parcunt hard geed
and in 19%1, 15 percent pliug 31. percent hard seed. The seed scari-
fisd at 2,885 revolutions per minube had an initial germination of
61 peréent plus 30 percent hard ssed. In 1926 it was B percent plus
14 percent hard seed anq in 1931, 1 éercent plus 4 percent hér& seed,
(Table Vit). This léwered vitality ﬁie tu storage in the laporatory
with 12 percent moisture was slso very marked in the field tests.
(Tabie IX). ' '

Seg& with 12 percent nmoisture 4ld not lqse vitaliﬁy g0 napidly‘
when kept in celd sbtorage, but lost vitalily more rapidly than seed
stored with less meisture.. This point will be best updersiood by
studying Table XI.

The ghorage of non-scarified sweet clever seed, at low tempera-
tures increased the germination and lowered the hard seed content by
appraxim&ﬁely 100 percent in comparison with the'seed,stored in the
lahoratory. ifable Yii}» The:beneficial effect appeared afier one
year of starage'and héld true after seven yeais. The scarified geed
also showed an advantuge in favor of cold storage, hﬁt to a iesser
dégrse. Exciuding‘the seed stored wi#h 12 percent maishére, Btie
averagé germination of the nonwsearifie& seed afﬁer one year in cold
storage was H0 percent pius 42 percent hard seed and for the seed

storad in the 1aboratory, 23 percent plas 67 percenﬁ hard seed.




Table IX
Pield germination of scarified and non-scarified sveet clover
seed stored under different conditions

Lot Scarifi- Storage 1924 1926 1926 1927 1928 1929 1930 1931
No. cation mnethod Germ.% Germ.% Germ.9 Germ.% Germ.§ Germ.% Germ.% Germ.%

1 none 4 14 13 8 24 9 23 5 18
B 13 N 19 7 31 5 12 .
B 3 6 22 4 16 6 6
¢ 74 26 37 15 41 17 18
D 87 A28 45 235 37 21 27
iy 41 23 41 22 431 16 17 -
1 2040 A 34 30 27 36 26 40 8 18
ReP.JH, B 35 27 B2 25 37 23 15
B 17 10 47 11 20 ¥ 6
¢ 40 28 28 31 42 26 1v
D 47 37 [51:] 39 63 25 33
¥ 46 27 o4 31 36 13 12
1 2885 & 45 25 24 56 _7 37 a0 17
RoPel, B a7 25 40 20 34 21 9
B 19 .7 <] ] 2 2 1
¢ 44 41 20 23 30 16 11
D 43 41 42 54 51 27 23
7

46 28 26 .« 18 16 B 4

A




Table X
Field germination of scarified and nen-scarified sweet clover
: seed stored under diffevent conditions

Lot Scarifi~ Storsge 1926 1927 1928 1929 1880 193
No. eation method Germ.% Germ.% Germ.% Germ.? Germ.7 Germ.%

2 none A 13 13 9 14 3 6
' B ‘ 1 8 18 1, 2

C 28 19 &5 18 17

D 21 15 3¢ 16 15

2 2450 A 40 39 21 42 26 15
R.P.M. B 46 24 45 21 22

c 56 - 36 58 24 20

D 54 36 43 2% 17

3 none A 18 . R0 L7 26 14 8
B 33 -9 a8 11 11

¢ a9 24 45 34 17

D 47 18 44 29 24

3 24E0 a 30 4} 28 46 Z2 21
R.P.¥. B 43 30 46 30 18

G 58 19 52 23 13

B 56 31 B& 24 20

4 none A 11 23 15 27 7 16
B 31, 1z 18 6 8

o 28 8 . 36 14 24

b 26 14 29 12 17

4 2480 A 48 43 25 83. 25 18
RoPol, B K1) 35 49 23 22

c 44 36 4b 15 25

D 58 34 56 15 16




Percentage of germination
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80 Legend
Sack seed laboratory
75 Air-tight bottle seed laboratory
Sack cold storage
70 VxTM Air-tight bottle cold storage
12 percent moisture seed laboratory
65 !/ X 12 percent moisture cold storage
60 >v A '\\
K
55 \Y o A
- A pe
50 | ~
X
45 pzz:*_ A
40 VY \ X,
v \
\ \
35 - Voo Vv
\% ~
X — X
30 ) D N A
\ A
25
N
20 T -
\
15
\
\
10
5
1924 1925 1926 1927 1928 1929 1930
Figure 13. Laboratory germination of sweet clover seed comparing

different methods of storage. (See page 13)

1921
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After seven years, it was 42 percent plds 24 percent hard seed and 12
percent plus 68 percent hard seed respectively.
~ After one year in cold sforage the field germination of the non-
scarified seed ﬁas 36 percent and after omne yaar in the 1aboratoi-ys
13 percent. After seven years, 22'anq 14 percent regpectively.

For the seed scarifieq_at‘2,040 revolutions per minute the
germination was 70 percent plus 22 percent hard seed after one year
in cold storage, and 52 ﬁlus 36 percent hard sced after one year in
the laboratory. After seven years the germination was 48 and 3i per-
cent respectively and the hard seed conten; 12 apd 37 percent respec-—
tively, The field germination ﬁas 44 percent after one year in cold
étbrage and 33 percen% after Qhe year in the laboratory. Afyer
seven years it was 25 and 16 percent respectively.

The seed scarified at 2,885 révolutions per minute had 81 per-
cent germination plus 9 percent hard seed after one-year in cold
- storage, and Bg.percent plué 24 percent hard seed after one year in
the laboratory. Af%er gseven years the germination was 36 and 34
percent respectively; the hard sesd content 4 and 20 percent iespeca
tively. The fisld germination’was 43 and 26 percent respectively
aftér 6ne year of‘stbraée and 17 and 13 percent respectively after
seven years. )

Figores 13 ;nd 14 show that the difference between storing the
seed in air~tight bottles or sacké did not favor either method con-
sistently.

The initial field germination of sweet clover was inceased more
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Legend
___Sack seed laboratory
Air-tight bottle seed laboratory
Sack cold storage
— Air-tight bottle cold storage
12 percent moisture seed laboratory
12 percent moisture cold storage

1930

Figure 14. Field gemination of sweet clover seed comparing
different methods of storage.(See page 13)
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than 100 percent by scarifying. Although the scarified seedwlost
: vitaliﬁy ﬁore rapidly there was still a sl;ghf advantage in favor of
écarification aﬁ‘29040'revolutions per minute after seven yeérspof-
storage. Beginning in 1927 seed scarified.at 2,885 revoluﬁions~per
minute gave approximately the same germination as the non-scarified
seed. (Figure 11). The initial field germination was 14 percent for
the non-scarified seed, 34 percent for that scarified at.2,040'revolu;
tions per minute and 45 percent for that scarified at 2;885 revolu-
tions per minute. In 1927 after three years'of storage the average
field germination for all methods of storage was 31, 40, and 28 per~
cent respectively. After -seven years it ﬁas 16, 17, and 11 percent
| respectivély; As with alfalfa, the field germination of the seed
stored in.air—%ight bottles inlﬁhe.laboratory with 12 percent moisture
decreased rapidly but tyat kept in cold étorage fell off more slowly.
(Figure 14). Taken as a whole, the Tield germination of the swaeeb
clover decreased gradually dpring the entire period of fhe experiment.

For thé seed stored in 1924 the total vitality of the scarified
seed was slightly lower than that of the non-scarified seed affer
the first year in-étorag§, (Table XI). This lowered vitality due to
scarifying became more pronounced as the experiment progressed.
Seed stored with 12 percent moisture in the laboratory had:the low~
est total vitality during the expefiment although seed kept in cold
storage with 12 percent moisture was very little better. There was
no significént différence between the other me%hads of storage, and

taken as a whole, the total vitality of the sweebt clover seed decreas—
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Legend
Sack seed laboratory
Air-tight bottle seed laboratory
Sack cold storage
Air-tight bottle cold storage
12 percent moisture seed laboratory
12 percent moisture cold storage

‘N "™sCl

t- X

1924 1925 1926 1927 1928 1929 1930 1931

Figure 15. Hard seed content of sweet clover comparing different
methods of storage. (Sea page 13)



Table XI

Percent total vitality of scarified and non-scarified sweet clover seed
stored undeyr different condi%ions

Lot Scarifi- Storage

No.

1

1

"1

cation

none

2040
R.P.M,

2885
Rﬁpﬂ}ﬂo

method

O g b il Nol N

HY Qb

1924

92

91

91

1925

20
91
78
27
87
82

85
90
63
92
91
85

85
8%
49
87
92
88

1926 1927
85 85
85 B84
60 70
87 70
90 8%
T4 72
79 5
81 72
58 46
82 63
84 83
72 62
60 . 59
51 £6
19 14
77 50

.78 81
6 57

1928

85~
84
64
K4

T 89

77

73
76
51
65
75
58

55
38
12
48
74
40

1929

73
88
61
€3
80
£5

68
74
42
5%
76
42

44
47
11
35
56
27

1930

85
88
60
62
81
62

. TR

61
39
41
65
50

48
54
14
42
4%
19

1931

81
80
57
61
71
43

7a
64
46
53
67
33

58
51

5
3L
49

- 17
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Table XII

Percent total vitality of scarified and non-scarified sweet
clover seed stored under different conditions

Lot Scarifi- Storage
cation method

Ho.

R

none

2450

RoP.M.

none

2450
RoP oMo

none

2450

R“P‘ll’(‘xﬂ

Sawr U ot oW

O awk

JawEr Yawlk

1926

75

81

78

75

89

86

1927 1928

76 71
78 66
i 63
73 78
72 50
%5 78
79 76
80 79
64 67
89 58
86 81
80 76
74 . 78
71 61
80 79
72 80
83 79
85 8%
88 80
87 81
82 75
73 75
88 82
82 76

1929

67
68
75
74

58
58
70
68

70
68
70
70

60
63
68
62

88
80
83
82

64
68
72
74

1930

68
69
70
69

43
53
58
56

73
82
82
85

64
47
58
60

77
85
82
81

56
81
64
63

1831

64

"By

83
52

46
41
58
45

61
B4
69
64

55
36
48
46

66
79
68
74

4z
51
68
52

oG-
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ed gradually during the léngthuof the experiment.

The three samples of sweet clover addéd to this exﬁeriment in
;926 have showu ﬁhe‘same results as have been described for the seed
stored in 19é4. Both labbraﬁoryland field germinations wefe'increas~
ed by scarifying¢.(Tables:YIII and X}. The hard seed content decreas—
- @d slowly (Figure,l2) and the loss in total vitality was gradusle.
{Pable XIT1). The seed kept in cold storage gave higher germination
than seqd stored in the laborétory {Pigure 13) but the difference in
total vitality was not so pronounced. {Table XII); “Both laboratory

and field germinations were increased by one year in cold storage.

Experiments With BRed Clover Seszd

The initial laboratory germination of red clover éeed was ine-
creased by scarification. (Pable XIII). The field germination of
the seed scarified at 2,040 revolutions per minute showed a slight
advantage in favor of scérifying for the first two yeéfss but after
that time it was about the same as that of the non-scarified seed. |
(Figore 17). On the other hand, field germination was lowered by
scarification at 2,885 revolutions per minute.

The laboratory germination of the non-scarified seed at the be-
ginning of storage was 41 percent, for the seed scarified at 2,040
revolutions per minute 60 percent, and for that scarified at 2,885
revolutions per minute, 75 percent. The initiél hard seéd content
was 58, 39, and 23 percen.’c_resps;c'tively° (Pable XIII). .In 1926,
after two years‘of storage, the average germination was 69,l75; and

70 percent; the hard éeed'conﬂenﬁ 26, 13, and B percent respectively.




Lot Scarifi~ Storage
cation method

Koa

1

1

1

none

2040
RGPUE%

2885
B@POHO

MUY o b

HuoxwE e WG

. % Gern.
™ L He Sa

1924

41 58

60 39

75 25

?O

7.

82
86

20

44
-2
13

9
13
15

17
15°

15

Pable XIII
Laboratgry ﬁermlnatlon of scarified and non-scarified red clover seed
etored under different conditions ' :

11

P

g o
8 .
L3
WOW
1930
50 37
58 33
21 25
8
87 8
86 9
52 13
28 16
24 6
65 5
84 5
87 4
30 6
36 5
3 4
Bl 1
Z A
73 1

E o
S
S
WOW
1931
58 28
68 24
22 25
79 5
91 6
88 7
46 16 .
62 11
28 7
61 1
87 2
82 1
59
25 1
3
47
73
59

DN OO

_Lf-
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Legend
Non-scarified
Scarified id0o40 R.P.M
Scarified 2885 R.P.M
1924 1925 1926 1927 1928 1929 1930 1931

Figure 16. Laboratory gemination of scarified and non-scari fied
red clover seed.
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Legend
Ron-scarified

Scarified 2885 R.P.M

1925

Figure 17. Field germination of scarified and non-scarified red
clover seed.
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Pigure 18. Hard seed content of scarified and non-scari fied red
clover seed.



Table XIV
Laboratory germination of scarified and non-gcarified red clover seed
: gtored under different conditions

1926 1927 1928 1929 1980 1931

Lot Scarifi- Storage Germ., H.S. Germ. H.S5. Germ. H,8. QGerm. H.S. Germ. H.S. Germ. H.S.
No. cation method . Percent Percent Percent Percent Percent Percent
2 none A 56 25 856 16 65 15 5 17 39 20 37 12

B 56 17 61 11 48 © 23 44 18 38 14

¢ 62 9 64 -9 6% 7 66 7 66 7

D 58 12 63 13 60 g ¢« 82 11 60 5

2 2450 A 73 5 15 2 50 b 38 4 28 6 £0 2
R.P.H. B 55 2 59 2 - 87 4 28 '3 20 3

¢ 48 4 7.0 53 . 2 41 1 43 0

D Bz 4 71 3 56 B 45 1 42 1

3 none A 58 - 28 50 14 84 16 56 28 4 17 46 19
B 5% 2} 83 16 50 19 4}y 19 33 12

¢ 5% 14 7l 18 "BY 18 B& 13 54 8

D - b% 21 70 21 62 11 56 10 61 5

) 2450 A 48 10 46 g B2 15 30 3 15 £ 18 5]
RoP M. B 46 12 4) 4 33 8 17 5 20 1

G 42 8 48 1 49 3 31 5 24 0

D 48 6 60 7 39 6 37 3 46 53

4 none A 70 24 70 22 73 18 69 25 8% 13 64 17
B 77 19 73 20 66 20 66 16 58 17

¢ 74 ' 25 79 18 82 15 - 77 17 86 8

D 77 17 82 14 . %9 18 78 12 81 10

4 2450 A 73 9 86 2 73 5 50 4 39 1 32 2
RoPoM. B 75 3 83 2 54 3 35 1 36 2

¢ 78 B 95 1 81 & 77 0 72 1

D 79 7 85 5 K 4. T4 2 65 1
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Table XV
Pield germination of scarified and non-scarified red clover
seed stored under different conditions

Lot Scarifi- Storage 1924 1925 1926 1927 1928 1929 1930 1931
Fo. cation methed Germ.% Germ.% Germ.% Germ.? Germ.% Germ.% Germ.? Germ.%

1 none

A Bl 84 4y 45 29 54 10 34

B ' 42 28 59 31 58 8 43

B 35 21 12 25 19 5" 7

¢ 53 49 64 49 75 7 48

D 51 53 72 76 88 28 59

P 59 .56 77 70 41 42 56

1 2040 A 61 50 a7 50 38 50 1z ° 28
R.P.M. B 47 4] 52 46 53 29 51

E 40 23 25 17 20 3 3

c 56 56 66 60 653 10 - 13

D 43 46 . 73 59 82 33 50

7 62 31 81 56 79 53 27

1 2885 A - 40 39 21 29 22 33 11 16
R.P.M. B 32 30 30 15 23 - 12 5

B 40 15 15 12 5 2 0

¢ 60 24 €6 32 Ad 15 9

D 54 24 63 49 63 57 19

i3 47 21 59 35 70 25 19

3G~




Table XVI
Field germination of scarified and non-gecarified red clover
geed shored under different conditions

Lot Scarifi- Shorage 1926 1927 1928 1929 1930 1931
No. cation method GCerm,% Germ.% Germ.f Gern.% Germ.% Germ.%

2 none A 22 41 21 55 11 9
' B 36 21 - 8% 7 13

¢ 51 29 57 -1 24

D 49 26 46 21 28

2 2450 A 25 29 - 21 18 15 4
R-P.M, B 36 15 22 11 3

¢ 34 17 3% 10 11

D 88 20 46 21 10

3 none A 31 32 29 41 14 16
B a8 24 31 15 1}

¢ 46 31 5% 38 B4

D 52 23 5% 31 18

3 2450 A 29 24 14 23 4 7
RoP oo B 84 12 21 2 3

¢ 26 15 84 B 4

D 20 10 33 12 9

4 none A 56 £9 pé 60 27 81
- B 66 26 B7 35 33

¢ 52 31 82 2% 33

D 66 37 66 22 57

4 2450 A B4 40 20 B2 9 6
R.P.H. B 42 21 23 4 4

¢ 62 30 66 13 B4

D 52 22 67 15 27
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(FPigure 18). After seven yearslof storage the germination was 66,
81y and 41 percent; the hard sesd content 16, 6, and 3 peécentjre~
spectively. ' |

The initdial field germin&tion.was 51'percenﬁ for the non-

. gscarified séed, 61 percent for the seéd scariiied at 2,040 revolu~-
tions per miﬁute and 40 percent for the seedﬂécarified at 2,885
revolutions ber minute. (Mable ZV). In 1926, after two years of

© storage, the field germination was 47, 4%, and 21 ﬁercenﬁ'respeca
tively and after seven years, 41, 25, and 11 percent respectivelj.
(?iguﬁe 17). .

Red clover seed gtoréd in air-tight bottles in the laboratory
with 12 percent moisture lost vitality more'rapidly than the sseed
stored in any other manner, bub thié loss of vitality was not so
rapid as with sweet clover and alfalfa. In 1926, afber two‘years of
storage in the laboratory, the germination of the non—scarifigdﬁseed
was 50 percent plus 35 percent hard seed as agsinst an initial germi-

X .
. nation of 41 percent plus 57 percent hard sced. {(Table KIIE)@ After
seven years, it was 22 percent plus 25 percent hard seed. In 1924,
the field germlnatlon was 51 percen% after two years, 21 percent,
and afber seven years, 7 percent‘ {mable XV],

For the seed searlfled at 2,040 revolutlons per minute, the
Ln;tlal germlnatlon wasg 60 percent plus 39 percent hard seed, afier
$wo years of storage in the.laboratcry with 12 percent moisture, 58

percent plus 12 percent hard seed, and af%er seven‘years 28 percent

plus 7 percent hard seed. (Table XIII). Before storage, the field
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Legend
_ Sack seed laboratory A
Air-tight bottle seed laboratory X
Sack cold storage
« Air-tight bottle cold storage
12 percent moisture seed laboratory
- 12 percent moisture cold storage

1924 1925 1926 1927 1930

Figure 19. Laboratory germination of red clover seed comparing
different methods of storage. (See pare 13)



Legt3nd
Sack seed laboratory
air-tight bottle seed laboratory
Sack cold storage
Air-tight bottle cold storage
12 percent moisture seed laboratory
12 percent moisture cold

1924 1928

Figure 20. field germination of red clover seed comparing different
methods of storage. (See page 13)
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.germination—was 61 percent, after twb yearsanzs percent, and afser
seven Srears, 3 percent. {Pable XV).

with the seed scarified at 2,885 revolufions per minute, the:
initial gefmination was 75 percent plus 23 percent hérd saed, 5_%%er
two years of storage in the laboratox} witﬁ iz perceﬁt moistureQ»é?
percent plus 3 pércent'hard seed,.and afber éeven years, 3 percéﬁﬁ
.plus 1 percent hard seed: (Table XII1). Before storage, tle figﬁd:
germination was 40 perc::an'b9 aftgr two years, 15 beréent, ahd after
seven years, O. percent. (Pable XV). The seced kept in cold storage
with 12 percent moisture did not lose vifali*ty any more raj_)idly than
dry seed. (Figures 19 and 20).

The storage of red clover éeed at low temperatures'increéSed the
laboratory éﬁd field germination and lowered the hard seed con%entq.
Figures 19, 20, and 21 show that the.effect.of cold storage became
apparent-af%er'the first ‘year of storage and continued fhreughou% %he
expeiiment.° Exeluding the seed stored with 12 perceht moisture, the
average gérmination of the non-scarified seed kept in.cold storage
for onme year was 81 percent plus iahpercent haﬁ& seed and for that
stored in the laboratory, 56 percent plus 43 percénﬁ hard seed.
Afﬁer seven years, it was 85 percent plus 5 percent hérd seed and 58
percent plus 26 percent hard seed res@ecfivelya The field germins-
tion after one year in»éoid‘storage ﬁas B2 percent, and afier one
year in the laboratory; 38 percent. In‘l9;319 afbter seven years, it
‘was 58 and 38 percent respectively.

7

In 1925, afber one year in.cold storaéeg the average germination
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1924

Figure 21.
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Legend
Sack seed laboratory
Air-tight bottle seed laboratory
Sack cold storage
Air-tight bottle cold storage
12 percent moisture seed laboratory
12 percent moisture cold stora g

1927

Hard seed content of red clover comparing different

methods of storage.

(See page 13)

1931



Table XVII
Percent total vitality of scarified and non-scarified red clover seed
stored under different conditions -

Lot Scarifi~ Storage _
Wo. cation method 1924 1925 1926 1927 1928 1929 1930 1931

1 none A 99 99 96 94 92 99 8% 86
B 98 97 97 95 92 91 82
B 97 83 61 66 51 46 47
c 100 98 97 98 92 85 84
D 99 97 97 . 95 98 96 97
F 99 96 98 96 96 96 - 95
1 2040 A 99 100 90 4 83 ‘65 65 62
R.P.M, B . 96 89 84 81 77 64 73
B 91 80 49 42 33 30 35
c 97 95 90 90 91 70 62
D 99 + 97 . 95, 94 95 89 89
by 95 97 96 94 90 91 83
1 2885 A 98 89 72 &7 53 40 36 45
RoP .. B 94 76 52 " 49 48 4] 35
i 79 50 26 15 10 7 4
C 91 87 77 78 75 52 4%
D 92 86 83 B4 87 75 75
F

87 83 78 gz 8l 74 59

‘69'




Percent total vitality

Lot Scarifi- Storage
cationn method

To.

"

Table XVIII
of scarified and non-scarified red

clover seed stored under different conditions

none

2450
RoPoM.

none

2450
RBPQMO

none

2450.
RoPoM.

oGt e (v el .- .S

o oen b

dawdr Yawi gawk

1926

81

88

86

56

94

82

1927

72
73
71
70

67
57
52
56

64
78
71
4

55
58
50
B2

92
96
97
94

88
78
8l
86

1928

80
72
73
76
55
61
.71
74

80
69
84
91

87
45
49
6%7.

91
93
95
.96

78
85
94
90

1929

70
71
74
69

37
41
56
58

84
80
70
73

S8
39
52
45

94
86
97
95

B4
57
85
76

1930

59
62
73
73

34
28
42
47

87
60
79
66

20
22
36
40

76
82
94
20

40
36
77
76

1931

49

52
73
65

22
23
43
43

65
45
62.
66

23
21
24
49

81
75
24
- 91

34
38
73
66

—Ogu
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: af'thé seed scarified at 2,@40 revaIuti0ns per minute wag 87 perdent plus
ll.pefcanﬁ hard-seed and fox the‘seed<sﬁareﬁ-in the ldborétory,.75 per-
cent plus 24 peréént hard seed. Afier seven years, it was 74 percemt
plag 1 péreenﬁ hard~sga& and 54 percent pluslls»éercen%‘hard'seea respec-
tively. The field gsrmiﬂa%i&g,was‘ﬁO and 48 percent respectively afber
oune year in siorage, and after seven years; 31 and 28 pereent.

he sead scaéifie& at 2,885 revolutions per minube had 85.pér~
cent germination plus 7 percent hard peed afbter one year in cold
shorage and 75 percent plus 1& psreent ha;d-seea éfter.one yeaﬁ:in
the laborabory. Aftex sefea yeérs, the germimaﬁicn,wa3.60 and 38,
percent respectively, and thé hard seed can#en$, 8 and 4 percen% re—~
sgee%ivelyg Fhe field germination wag 57 and 36 pérceﬁ% respectively
after one year in sborage, and 4 and 10 percent afier seven years.

A From the standpoint of tobal vitaliﬁyg there was no advapbages in
keeping the non-gcarified seesd stored in 1924 in cold steovage. - How- -
gver, the non-scarified seed stored in I926 showed a& detided advgntaée
in favor of cold sborasge after four years in storvage. (Tables ¥VII
and X¥IIT). Scarified seed had higher total yétaliﬁy af%ei two yeafs
in cold storage than zfter two years in the labcratofyau Fhere was no
-Gonsistent diffevence between ssed stored in.airmtighﬁ.bottles and
that sbored in sacks.

. The three samples of seed ad&ed to this experiment in 1926 gave
results similar to'%hese'descfibed for the seed stored in 1924, ex~
eept that the initial fie&d'gérmiga%ion wa& not increased by scari-
fication. {Tablé ¥VI)e In comparison With the geed‘siored in‘the

lnboratory both scarified and nonescé§ified seed were benefited by
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storage at low temperatures. There was no advantage in sHoring the

éeed in air-tight'bottles either in the laborabery or in cold storage.

SUMMARY AND CONCLUSIOHS

I% is believed the experiments and cbservations veported in
this paper Jjustify the following conclusions:

The total vitality of non-scarified seed of sweet clover and

- red clover will decrease slowly during the first seven years of

storage. Non-scarified alfalfa seed of good maturity and high harad
seed content will lose vitality gradually. Alfalfa seed less mature
or éf low hard gseed content may show a rapid decline in vitality dur-
ing the first two years of storage, bubt will fall off gradually ﬁhere;
after.

Scarified éeed of alfalfa will lose total vitality répidlymdur~
ing the first two or three ﬁears of séorage, bub scarified seéd of
swaet clover and red cloQgr loge vitality gradually when in storagé.
Scarified seed of these three crops will not retainfits viﬁaliﬁy as
well as non-scarified seed.

The hard seed content of alfalfa decreases repidly during the
fifst year of storage and gradually during the following years.

With sweet clover and red clover, the hard seed content of the seed
in cold storage falls off rapidly during the first or second jear in
storage, but the seed éﬁcred.in‘the 1aborat6fy decreases slow}y in
hard seed content dﬁring storage.

Seed stored with 12 percent moisture loses vifality more rapidly




i

in storage thaﬁ?d%y'éeedo Cold storage is bebtter than sborage in the
laboratory for seed with 12 percénﬁ mnoisture.

.There.is no édvantage.in keeping non-scarified alfalfa see&ﬂiﬁ
cold storage, With scarified éegd, howgver, bééh germination'an&
total vibality are maintained ﬁeﬁter in cold-sﬁnrage than in the Iabo-
ratory. The germination of red clover and sweet clover is higher for
' seed kept in cold storage than for seed stored in the laborathory..'
The.total vitality of séeet clover does not seem to be grsatly afe
fected by the.me%hoa of storagéf The tobtal vitality of red clover
seed will be maintained better in cold gstorage than in thé,laborau
tory but the aAvantage of low bemperatures will not be'apparent ufi
i1 after.%he gseed has been in stﬁrage from two to four yééré@

@here cold storage is advantageous as a means of maintaininmg -
vitality or.igéréasing the germination, storage in air—ﬁﬁght bobtles
is mos% gfficient; ‘Jhen seed is stored in the laboratory, ﬁheré‘is'

no Gifference bebween storage in air-tight bottles or in sacks.
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