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~ UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

RELA’IYI@@I’M TEMPERATURE AND MOIS-
TURE CONTENT TO LONGEVITY OF
CHEWINGS FESCUE SEED*

By Viviax Kuanys, junier bolanisl, and . H. TooLEs, physiologist, Division of
Seed Investigations, Bureau of Plant Indusiry

CONTENTS

Experiments-—Continced.
T i seed I
. Storagn of Featuce rubra straing
EXperitents .o .. cammamozammmooo—anamn— Tiscussion
Seed shipped overseas under ¢ogl storage . FETTEEN] 1) I PP
Saed dried before shipment oversens.... . 7

INTRODUCTION

Seeds for planting purposes often must be transported long dis-
tances from place of production to place of use, and at times it becomes
desirable to hold the seed from one season to the next. Although
there are m:mt; records of the longevity of various types of seeds,
there has not been available sufficient information as to the factors
influencing longevity on which to base definite recommendation of
conditions for shipment and storage of seeds. The fact that large
quantities of the seed of Chewings fescue (Festuca rubre var. com-
mutate Gaud.) received in this country from New Zealand have been
of no planting value because of low germination led to an interest in
the longevity and best storage conditions for this seed in a general
study of the fundamental factors affecting longevity of seeds.

The amount of seed of poor quality received during some seasons
and the variation in the quality of seed of different years are shown in
table 1. Importations of 1932 and 1934 had a larger quantity of secd
of Jow germination than those of 1933 and 1935.

It seemed desirable to determine the storage factors that influence
the longevity of fescue seed. N. R. Foy, seed analyst of the Plant
Research Station of New Zealand, had previously initiated a study of
the best conditions for the shipment of the seed overseas, in which the
Division of Seed Investigations, Bureaun of Plant Industry, cooperated
by making moisture and germination tests of the seed upon receipt
in this country. The seed received from Foy in his shipping experi-
ments wes stored under different conditions, and germnation tests
were made at intervals to determine the loss of visbility. More tests

+ Bubmitted for publicalion July 8, 1938.
106655 —35—1
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TaBLE 1.—Germination of Chewings fescue seed received in the Uniled States from New Zealand

Perjod

Any 1032 to April 1923, _

May 1033 to April 19340 L U0

AMay 1934 to April 1935

May 1035 to August 1935, LT

Seed having germination of —

O-% percent

10-19 pereent

X429 percent

30-39 peroant

4049 pereent,

Pounds
a7, 012
i, 615
57,840

Pereent Pounds
i

33, 600

M 17,020

8 15, 68

()

Percent

Pounds
24, 832
1,120
2,352

Percent

3
(O}
Q]

Pounds

27,920
15, 306

Pereent

JFounds
113, 932
10, 400
66, 755

Percent
14

b
10

erie]

Seed having ge ‘mination of-~

AtE-54 pereent

6069 percent.

70-79 percent,

B0-89 percent

@0 pereent and above

Total

May 1032to April 1933 . .
May 1033 to April1934. . .
May 1934 to April 1085,
May 1935 to August 1935

t Less than 1 percent.

TR

Pounds
96, 604

Pereent

10, 600

Pounds Percent

18, 639

KX

4

17

Pounds
98, 960
16, 356

183, 393
30, 496

DPercent
12
1
20

14

Pounds
30, 240
603, 033
173,043
67, 240

Percent
4
&3

25
31

Pounds
23, 520
412,892
13, 440
0, 276

Percent
3

B
3
o

13

Pounds
805, 472
1,144,136

d

219, 231

(4

>
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LOXGEVITY OF CHEWINGS FESCUE SEED 3

were undertaken on recently harvested seed to determine more
definitely the effect of moisture content of seed and of temperature of
storage on the viebility of fescue seed. For this purpose, seed was
raised at the Arlington Experiment Farm, Arlington, Va,, and in
additicn commereial seed raised in Oregon was obtained through the
courtesy of H. A. Schoth, of the Division of Forage Crops and Dis-
eases, Bureau of Plant Industry:

HISTORICAL REVIEW

A great deal has been publishied on the longevity of erop seeds, but
1 most cases the conditions of storage were not controlled. Hein-
rich  made o study of the factors influencing the keeping of seeds and
gives moisture and temperature as the prime factors in the storage of
seeds. He states that the ability of seed to withstand higher tem-
peratures is dependent on the water content. Rye stored at 30° C.
with a moisture content of 5 percent germinated 94 percent at the
end of .69 weeks; with 15 percent moisture it germinated less than 3
percent after 32 weeks; and with 22 percent moisture it showed no
germination at the end of 2 weeks.

Simpson?® has shown a definite relation between the moisture con-
tent of cottonseed during storage and the rapidity of deterioration.
Upland cottonseed stored with from 8.75 to 13.78 percent moisture
lost viability quickly when the moisture in the seed remained above
10 percent.

Foy * in 1925 called nttention to the varistion in the quelity of the
seed of New Zealand Chewings fescue {rom season to season and salso
to scme of the problems involved in the exporting of this seed. Ina
later publication, Foy ® stated that seed with a moisture content of
13 percent stored at 40° (. in the laboratory lost over 20 percent in
germination in 7 days. In the same period the germination capacity
of seed with a moisture content of 20 percent had fallen almost 30
percent. e contends that the hold temperatures of ships probably
exceed 40° In this publication he gives a detailed account of ship-
ping experiments carried on in cosperation with the Official Seed
Testing Station, Cambridge, England, and with tlie Division of Seed
Investigations, Bureau of Plant Industry,

In cooperation with the Cambridge station, Foy found that dried
se~ . >hipped in a lined bag lost very little in comparison with dried
se:d shipped in an unlined bag. In ancther experimental shipment
he showed that seed dried te 6 percent did not lose during transit,
and dried to 9 percent the liss was scarcely significant. Seed from
the same bulk but undried, having a moisture content of 15 percent,
lost practically the same whether shipped in coo!l storage or hold stor-
age. The seed for this experimental shipment was cut at three
stages of maturity: Barely ripe, ripe, and overripe. When seed
having a moisture content of 14 percent was shipped either in ordinary
hold or in cool storage there was a deleterious effect of early cutting.
Manurial treatment of plots did not affect results.
mimnm, DEE FINFLUSS DER LUFTFEUCHTIGKEIT, DER WANRME UXD DES SLUERSTOFFS DER
LUFT AUF LAGEUNBEY SAATGUT.  Laaddw, Vers, Sta, 815 [$BB-076, Tlhis, 1404,

PSimraon, I M. RELATION OF MOGSTULE PONTENT AND METHOU OF STOHAGE TG DETEKIQRATION OF
ETOREL COTTONREED. Jour. Apr. Hestarels SO0 445450, illus, 1035,
+ FO", NELSON R, CHEWINGS PESCUR. RIAT{HLY, REEN-FILODUCTI0N, ANT YEED-EXTORT PEOTBLEWA. MNew

Zenl, Jour, Apr, 310356-270, Hlus. 1026, .
¢ Foy, N. H. DETEHIONATION PHOBLTME 1Y NEW ZEALAND CHEWINGS FESCUE,  New Zeal. Jour. Apr. 40

[ 10-24. 1034,
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Tn cooperation with the Division of Seed Investigations, Foy showed
that seed shipped in cool storage lost no more during transit than the
controls in New Zesland, but under ordinary hold storage the seed
lost 18 percent more during iransit than the New Zealand control.
A later experiment to ascertain the effect of cool storage showed only
slight differences between cool storage and hold-stowed lots, which ke
attributed to the superior quality of*that particular crop. An experi-
ment to compare the behavior of stook and stack-threshed seed and
the effect of drying and shipping in sealed containers showed very
little differences between the stook and stack-threshed seed, snd in
every case the dried lots carried better than the undried lots.

METHGDS

In the writers’ experiments an attempt was made {0 control the

storage temperature of all the seed, except that placed at room tem-
persture, and to control the meisture of the seed by storing it in sealed
containers. In order to have samples with different moisture contents,
from one large original buik, the moisture content of individual
samples was raised by placing & plece of ahsorbert cotton with a
weighed amount of water in the senled jar with the seed but not in
direct contact with the seed; the moisture content was lowered on &
sample of seed by allowing the seed to dry out in 2 heated room.

Tf the moisture content was raised, the moisture determination 8
was not made until a sufficient length of time had mntervened for the
seed to absorb the added water. Otherwise the moisture determing-
tion was made a} the time the seed was placed in sealed jars for storage.

The sealed jars containing the seed were placed in thermostetically
controlled chambers at femperatures of — 10°, 2°, 10°, 20°, and 36° C.
In some cases the seed was stored at room temperature in the con-
tainer in which it was received.

All germination tests were meade by placing 100 seeds on moistened
paper toweling in Petrl dishes at an alternating temperature of 15°
to 25° C.  All tests were made in quadruplicate and were continued
for 21 days.’

EXPERIMENTS

SEED SHIPPED OVERSEAS UNDER COOL STORAGE

A shipment of three 1-bushel sacks of seed from New Zealand was
received February 10, 1933. One lined sack (sample 751444) and
one ordinary sack (sample 751445) were shipped in cool storage, and
one ordinary sack (sample 751446) in the hold of the ship. The
effect of conditions during shipment has been reported by Foy.®
On February 11, 1933, seed from each bulk was stored in sealed jars
in the laboratory and in thermostatically controlled chambers at
temperatures of —10°, 2°, 10°, 20°, and 30° C. A moisture test of
the seed was made at this date, Anpother portion of the three hulks
was sllowed to dry out in the laboratory until April 19, 1933, when
moisture tests were made and the seed was placed in storage in a
cloth bag in the laboratory and in sealed jars at the five temperatures
listed above. The percentage of germination and moisture content
m confent of Lho seed was determined by . A. Coleman, Urein Tvigion, Bureau of Agri-
cuitursl Economics.,

T KEruNs, Viviak, ood Tooix, B, H. 1oMPERATUNLE AND OTEER FACTORS AFFECTING GERMINATION D¥

FESCUE 3EED. U. 8. Depl. Agr. Tech. Boli. #38. (Ia priss.}
tFo¥, N, R, Sealootnobe 5,
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on arrival and the moisture content of the portion of seed allowed to
dry out in the laboratory are given in table 2, and the results of the
subsequent germination tests in table 3,

TasLE 2.—History of 3 samples of seed of Cheunngs fescue from New Zealand
before storage at various femperatures

E Moistore

- ! Moisture coa’}tt:ft

Sample No. Condition of storage during transit content on
. arrivel
2 months

Pereent Pereeni
ThL44% (C1) Cool storage; lined 580K, o ovmimmm oo 15.3
751445 (023 Cool storage; untined sack 13 15.2
751448 (3 Hoid storape; unlined sack. . .. oo _ i3 3.5

Although the seed shipped under cool storage conditions had a
much higher germination upon arrival in this country, this advantage
was lost after 4 moaths’ storage with the original moisture content.
After 4 months the three samples stored at 14° C. showed spproxi-
mately the same germination value. When stored at higher tem-
peratures (20° and 30°) the sample shipped under hold storage had
2 higher germination. Only when the seed was kept at cool tem-
eratures (2° and —10°) did the seed shipped in cool storage show a

igher percentage of germination than that in the hold during transit,
and after 8 months this difference had disappeared. The reason
that the seed shipped in the hold retained its vitality longer during
subsequent storage is, no doubt, that it contained spproximately
2 percent less moisture than that shipped in cool storage. This view
is confirmed by the results of the tests with the seed that was dried
out 4 to 6 percent before storage. When the seed was dried before
being placed in storage, the seed that had been shipped in cool stor-
algle ﬁ-ei'.gined its viability longer than that which had been sent in
the hold.

Another lot of seed, shipped from New Zealand March 22, 1933,
arrived in New York on May 6. The seedsman receiving the com-
mercial shipment forwarded seced from each bulk to Washington in
large airtight cans holding approximately 1 gallon, May 10. The
bulk of each sample was divided and placed in storage in sesled
jars af 30° and 2° C. Moisture tests were made upon receipt of
the samples. The results are given in table 4. As poinfed out by
Foy, all of this seed arrived in excellent condition regardiess of the
shipping condition. However, 2 months after arrival, tests of the
seed stored at 30° indicated the beginning of a decline in germination.
The thermostat contrel of the 30° storage chamber failed after this
date, so no further test was made on the seed at this storage con-
dition. Tests made on the seed stored at 2° showed & higk germina-
tion 19 months after storage and only  slight decline after 34 months
of storage. In order to test further the effect of storage at 30° C,,
& portion of each sample of the seed stored at 2° was transferred to
30° in October 1933. A test was made of this seed and the check
 samples at 2° in February 1934, when the eight samples transferred
to 30° showed from 0- to 12-percent germination and the check samples
showed from 87- to 92-percent germination,
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TABLE 3.—Germination of seed of Chewings fescue, with kigh and low moisture content, stored al various temperatures after arrival from
New Zealand

HIGH MOISTURE !

Qermination at temperature of—

Dateofger- | Time —10° . 2. 10° C. 2° C. 30° C. Laboratory

test arrival

Sample| Sample} Sample] Sample| Sample| Sample| Sample| Sample| Sample| Sample| Sample| Sample| Sample| Sample| Sample| Sample| Sample Semple
751444 | 751445 | 751446 | 751444 | 751445 | 751446 | 751444 | 751445 | 751446 | 751444 | 751445 | 751446 | 751444 | 751445 | 751440 | 751444 | 751445 | 751446

Months| Percent | Percent | Perceni{ Percent| Percent | Percent| Percent| Percent | Percent | Percent | Percent | Percent | Percent| Percent | Percent | Percent | Percent | Percent
June 13, 1933.... 4 75 5 61 71 n 62 64 84 59 b 32 44 0 3 20 0 1 7

July 18, 1933. 8 52 64 50 0
0Oct. 17,1933 i 36 42 47
Feb. 6, 1934 5 27 31 38
14 21 33
. 3 8 25
Mar. 13, 1036 .. ¢ 2 13

LOW MOISTURE

June 13, 1933.._. 67
July 18,1933, .. 3 70

. 62
59
48
46
Mar. 13,1936, .. E 23 30

1 Seed with moisture content on arrival as shown in table 2, column 4; put in storage immediately after arrival,
1 Seed stored after drying in laboratory for 2 months; moisturs content shown in table 2, column §.

FYALTAOIMDY J0 *IJEA ¢ "0 ‘029 NILTTING TVOINHOEL
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TaBLE 4.—CGermination of seed of 1233 crop of Chewings fescue received in May
1933 as @ commercial shipment from New Zealand

Foy's dis-

tinguish-
ing

mark

Method of starape duriog shipment

Moistura eon-

tent

CGermiaation of seed

Mar.

13,
1036

After storage
for 2

months

at—

(.

0° C.

Refrigeralin;
about 18¢

Perveni
13.8

Percent

Percent
4

Percent | Pereend
g 2

83
84
86
o]
-]
a3
&
L1

Foy's dis-
tinguish-
ing
mark

Mathod of storage tluring shipanent

mgnths
at 2¢ ¢,

Cermination of seed aft)

Er Starnpgs

for—

4

b4
months,
at 2* (',

nt 2°

16

months| months
C.lat 22 Cliat 2° O,

14

34

men s

Refrigerating  chamber,
abgut 18° I..

temperanrra

Pereent
03

fereent
2

Percent| Percent
50 gl

8
S
89 |
gl
g3
G
&7

Perient
Bh

laboratory February 25, 1932.

SEED DRIED BEFORE SHIPMENT OVERSEAS
Several samples of seed from New Zealand were received in the

Part of the seed had been dried

before shipment and part was not dried. The seed was stored in
the laboratory in the tin containers in which it was received. From
a study of table 5 it is seen that the average of the three samples of
seed dried before shipment showed practically the same percentage
of germination after 18 months, storage in the laboratory as the
nondried seed showed on arrival in this eountry.

TaBLE 5. —Germinalion of seed of Chewings fesewe received from New Zealand
Peb. 25, 1932

Garmiontion af seed

Fah. 24,
JiEx
{dny
alter

arrival)

Apr. 1,
1932 4

May s,
19321

July 7,
1932 ¢

Sept.
14,
9321

Oct. |
21},
10321

Mar.
in,
[LERR

Aug. 1,
1833 ¢

T4B784 (2ac)

748785 (300) oo oeen et

Pereent
72
A3
a7

28
14

Percent
8
50
i
27
15

L]

59

Percent
&l

Al
50

8

7
48

Pereent
T
49
50

2
h
4l

Pereent
07
g
a2

0
2
28

Pereert
Tl

Pereent
a7

4

Pereent
A

t Aftor storsge in tin contaimers in Lhe lbommiory from time of arrlval,
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Another lot of seed was forwarded frem New Zealand in October
1932 and received November 17. The seed was stored in the con-
tainers in which it was received, the hold-storage seed in cloth bags
and the dried seed in metal cans. The results of germination tests
made on these samples at different dates are given in table 6. The
dried sced showed a germination, after being stored in the laboratory
for 2 years 2 moenths, about equal to the germination of the nondried
seed on arrival. Also, the dried seed showed a vitality after 3 years
5 months’ storage equal to the nondried after 7 months’ storage.

TABLE 6.—Germination of seed of 1982 crop of Chewings fescue forwarded from
New Zealand in Oclober 1932 and received November 17, 1932

Germination of seerd
New

|Zeninnd N
germi- | Nov,
nntion w2, Jung 2, Sept. §,| Jan. 12,| May 2, 131%15155' A%fmﬂ'
befare 1332 15933 1838 1934 1534 (after 2| (arter 3
ship- | (soon | {after 7 {(afler 10){afler 14| (aller 18 T

. : . - ¥enrs 2| ¥ears 5
ment . :‘:It\"‘:il) months){menths}|m:onihs) mnmhs).momhs) thonths)

Mois-
tura
Trapsit stor- | con-
Age tent
on ur-
rival !

Pereemd { Percent | Percent | Percend | Percenf | Percent
42 20 G

Hold stocage.

Dried to 6

percentand §
» stored ini
mietal pans,

Hold siqrape.

Niried to 68
percent nod
r storad in

metal cains.

f [

1 Composite of 10 samples of erch group.

Samples from a commercial shipment from New Zealand were
received January 27, 1933, through a seedsman in the United States,
Foy had dried some of the seed and put it in two paper-lined bags.
In one bag he enclosed o control sample of dried seed in a tin con-
tainer. The commereial concern drew four seraples from the main
shipment and sent them to this laboratory in tin can= and in paper
bags, and also a sample in 2 tin can from each linec bag of dried
seed. 'The samples were stored in the laboratory in the containers
in which they were received. Moisture tests were made immediately
on the samples sent in closed vontainers. The results of the germina-
tion tests are given in table 7. The seed that was dried before ship-
ment showed a loss of 32 to 49 percent after being stored 22 months,
while the bulk of the shipment not dried showed & loss of 51 to 63
percent.
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TaBLE T.—Germination of seed af Chewings fescue from New Zealand received
through a seedsman in the Uniled Stales, January 1983

CGertlination gf seed Lossin

germi-
Shipmenl conditicn nation
Feb. 3, June 7, |Oct. 20,|Fab, 23,1 une 20, Dee, §, [ alter22

1933 1933 1333 1834 1934 1934 |months

55100 | Dried seed {n paper-lined | Percent’ Percent! Percentl Pereent| Pereenfy Percent] Pereend: Percent
bag N 9.5 ] oY o & 43 n

865101 | Conlrolsample of dried sead

N LIOEAD Can Caeiaimaas . a3 a3

395299 D{}ie(l seed In speci~Ny lined

ng -

&1
i

71 38

e e ans 4, E
305102 Cun:inmrcinl shipmeni!_....| 14 h 3a
14

3683108 . - 18
305104 d o 52
385105 |.....d - i a
219218 | Ofcial sample ol eom

moreial shipments listed : .
BOOVE. . e memaamman e l 54 |

1 Spmples of 2 lots sant to Inboralory frem Chicago in tin enos.
18umples of 2 ots sent o laboratory from Chigueo In paper baygs.

ER O

DOMESTIC SEED

HIGH AND LOW MOISTUORE CONTENTS, 1034

An experiment with domestic seed of Chewings fescue was planned
to determine the effect of moisture content and of temperature on
longevity. The seed was collected in June 1934 from plantings at
the Arlington Experiment ¥arm, Arlington, Va.; sample No. 1a from
the 1932 planting and No. 9 from the 1933 planting. The moisture
content at the time of harvest was approximately 10 percent. The
seed was stored on July 23, 1934, in a cloth bag at room temperature,
and in sealed jars in the five controlled temperature chambers. On
September 7 the bulk af each temperature was divided, and the
moisture of one part was raised to approximately 14 percent. Check
moisture tests were made on all samples January 29, 1936. The
resuits of the germination and moisture tests are given in table 8.

At 30° C., seed having the high moisture content lost 25 to 40 per-
cent in germination after 4 months’ storage, and after 5 months it had
fallen to 6 and 22 percent, whereas the seed with the low moisture
showed no loss, The low-moisture seed stored at 30° germinated
24 and 49 percent after 16 months’ storage, which is better than the
germination of the high-moisture seed after 5 months’ stora? . Seed
stored with the low moisture content at 30° retained its vitality much
longer than seed having the high moisture content stored at 20°,
but lost its vitality more rapidly than seed having the high moisture
content stored at 10°. The low-moisture seed stored at 20° showed
& germination above 90 percent after storage for 2 years 2 months,
as compared with the germination of 58 and 77 percent of the high-
moisture seed stored at 10°.  Seed having a moisture content of 12.5
percent Tetained a high wvitality if kept at 2°, and seed having a
moisture content of approximately 10 pereent and helow could be
stored at temperatures as high as 20°

OG5> it
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TaBLE 8.—Germination of sced of Chewings fescue grown al Arlington, Va., with moisture contents of approximately 10 and 14 percent, stored
at various temperatures

01

Germination with a moisture content ! of—

Sample and date of germination’| Time in Approximately 10 percent Approximately 14 percent
test

storage

Labora- | 30°.C,, 2° C., 10° C., 20, ~10°°C., 30° C., 2° C., 10°C,, 2°C,, —10°C,,
tory sealed sealed sealed sealed sealed sealed sealed sealed sealed sealed
clothbag{ storage storage storage Storage storage storage storapge storage storage storage

No. la: Maonths | Percent | Percent Percent Percent Percent Percent Percent Percend Percent Percent Percent
July 24, 1934 ...l 07 .
Aug. 24, 1934 _
Sept. 27, 1934
Oct. 23, 1034,
Nov. 23, 1934
Dec, 21, 1934
Jan. 24, 1835.
Feb. 28, 1935.
Apr. 23,1935,

97
06 PO [ P P

SO I Dy e 331D e

Sept. 24, 1035
Oct. 24, 1935_
Nov, 30, 1935.
Dec. 21,1935, 3] - e .
Jan. 29, 1836.. . ! ., 3 (12. 96)
Feb.29,1936. 6

Mar. 30, 1036.
May 27, 1936.
June 27, 1836.
July 30, 1936._
Aug. 24, 1936
Sept. 24, 1936_
No. §:
July 25, 1934.
Aug. 24, 1934
Sept. 29, 1034..
Oct. 23, 1934
Nov, 23, 1934_
Dec. 21, 1034. _ .
Jan. 24, 1935.___
Feb. 28, 1035

HUNALTIOOIEOY J0 LA S "0 ‘029 NITETING TVOINHOUL




June 23, 1935. .
July 25, 1935_.

97 (10. 17} 96 (10.08) 1)|-
Mar. 30, 1936...
Mny 27,1936
June 27,1936..
July 27, 1936,
Aug. 24,1936, .
Sept. 24, 1036.

1 Numbers in parentheses dernote check of ruoisture percentage.

oy
[=]
P
gj)
<
|
|
1]
o
o]
E
=
]
[0}
W
o]
=
W
Q
=]
o]
w
<]
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YARIOUS MOISTURE CONTENTS, 1835

A sample (No. 23b) of seed was collected June 20, 1935, from plant-~
ings at Arlington. The seed was allowed to dry out in the straw
until July 11, 1935, before threshing, The purpose of the experi-
ment was to determine in more detail the effect of moisture content
and of temperature on the longevity of {escue seed. The seed was
stored a4 room femperature until December 18, 19835, At this date
the seed germinated 86 percent and contained approximately 8 percent
of moisture. The moisture content of some of the seed was raised to
approximately 10, 12, and 14 percent. The seed was stored in sealed
jars at — 10°, 2°, 10°, 20°, and 30° C., and the seed with & moisture
content of approximately 8 percent was also stored in a cloth bag in
the laboratory and in an unheated building at the Arlington Farm.
The results of the 30° and 20° storage are given in table 9.  On March
11, 1937, after nearly 2 years from time of harvest, the sced of each of
the four moisture contents stored at —10°, 2°, and 10° and the seed
with & moisture content of approximately 8 percent stored in a cloth
bag in the laboratory and at the Arlington Farm showed no loss in
germination. There was a decline in germination energy with seed
having approximately 14 percent of moisture stored at 14°, but the
results show no loss In germination capacity. The rate of fall in
germination was directly associated with the percentage of moisture
contained in the seed and the temperatures at which the seed was
beld. A moisture content of 12 percent and above was very detri-
mental to the e of the seed unless it was stored at a low temperature
(2° or —10%). A temperature of 20° wus on the border line for the
storage, of seed with a moisture content above 12 percent. Seed
having & moisture content of 10 percent showed serious loss after
1 year’s storage at 30°. These results are in sgreement with the
finding on sampiles Nos. 12 and 9.

In the loss of vitality of fescue seed, there was first a1 Jecrease in
germination energy, then the progresstve increase of abnormal ger-
mination made evident by watery or glassy sprouts, the development
of coleoptiles without plumules, and the development of coleoptiles
only, and last the persistence of only a few vigorous seed. Vitality
of seed having a moisture content of 13 percent and above and stored
at 30° C. fell too rapidly for abnormal growth to persist; but seed hav-
ing a Jower moisture content and stored at 30° or having a moisture
content of 12 to 13 percent and stored at 20° died more slowly, so that
stages in abnormal germination could be detected. Types of abnor-
mal seedlings are shown in plate 1.

At the latter moisture contents and temperatures the changes that
ultimately lead to death of the seed took place more slowly than with
seed held at 30° C. with & high moisture content. Becsuse of this,
many stages in loss of vitality leading to various types of abnormal-
ities were found. Some seeds were alfected only in the vigor of their
germination but produced normal plants. In other seeds one or more
tissues had lost their power of development, causing the types of
abnormal growth mentiened above which were not eapable of contin-
uing growth and forming plants. As may be scen in table 10, the
emount of abnormal germination as well as the normal germination
(table 9) varied greatly in tests made at weekly intervals and by the
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Types of noral and abnormal germination of feseue seed. A, Five normal
scedlings (at feft) and two abnormal scedlings; 73, additional types of abnor-
mal germination encountered as the sced loses vinbility.
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same methods on seed that loses its vigor slowly (for example, seed
gtored at 30° C. with a moisture content of 10 percent). It is difficult
to interpret the true value of this type of sample. This difficulty leads
to varistion in results among analysts.

TaBLE 9.—Germination of seed of Chewings fescue (samole 28b), grown al _Arlinglon,
Va., and stored with different moisture contents vl 30° and 20° C.

Germination of secd—

Period of storage Stored at 30° C, Stored at 20" C,
before permination
tests (weeks)

Moisture] Moisturc| Moisture| Meisture| Moisture| Moisture] Moisture| Moisture
14 per- 12 per- 10 per- B per- 14 per- 12 per- 10 per- 8 por-
eent cent eent ecnt ot eent cent

Percent | Percent | Percend | Percenl | Percent | Fercent | Percent | Fereent
73 M o7 a7 a7 97 a5

87
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TaBLE 10.—Occurrence of abnormal germination of seed of Chewings fescue (sampld
23b) with differeni moisture conlents, stored al 30° and 20° C.

Patlad of storage {weaks)

Abnormas! gerrination of sead-—

Stored at 30° C.

Btored at 20° C,

Moistura
Lt pareant)

Molsture

12 prercenti10 percent:

Molsture

Moisture
& pergent

Mopisture
14 percent

Moisture
12 percent|

1

Percent
5

Pereent
i
1

R-E=g-R- R P Rl )

Percent

Percent

Bk bt et ot ot B e

Pervent
1

Pereent

1
1
2
kS
3

Lad -l ol - LR el
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BEHAVIOR OF COLD-STORAGE SEED AT EIGH TEMPERATURES

In order to determine the effect of storage at low temperature on
subsequent behavior at a higher temperature, seed (sample 23b)
with moisture contents of approximaiely 8 and 14 percent was stored
on December 18, 1933, 2429 C, for periods of 1, 2, and 4, and 6 months,
after which it was transferred from the 2° chamber to the 20° and 30°
chambers. The results are given in table 11. In a comparison of the
two moisture contents the seed having approximately 8 percent mois-
ture showed no loss in germination in 64 weeks from the original stor-
age date when tr ansferred from 2° to cither 30° or 20° or when stored
constantly at 30° or 20°. However, the seed having o moisture con-
tent of 14 percent showed = loss of germination when transferred to
30° or 20° C., but the rate of the fall in germination was much greater
at 30° than at 20°. The fall in germination at 30° was equally rapid
regardless of whether or not the seed had been previously held in cool
storage. The rate of the decline in germination, dated from the time
of transfer from 2°, was approximately equal in all samples. This
confirms the results obfained on the storage at various conditions
after arrival of seed from New Zealand (table 3), part of which was
shipped under cvol-storage conditions. There is an indication that
seed transferred from cool storage to 20° loses more rapidly after
transfer to the warm temperature than the seed stored at 20° from
the beginning, although this has not been definitely determined.
The germination at 30° fell too rapidly 10 detect a difference in the
rate of fall.

DRYING SEED TO CHECK FALL IN GERMINATION

Seme of the seed was removed from sealed storage with controlled
moisture at various stages in its loss of viability “and dricd out at
room temperature, to test the effect of qmcl\ drying on seed that was
rapidly falling in germination eapaecity.  Seed stored continuously at
30° C. and seed held in cool stor uge 1 and 2 months before placing in
storage at 30° was transferred to paper bags at room temperature,
where it was allowed to dry cut.  The results of tests of three samples
{table 12) show that the seed fell rapidly in germination when held at
a high temperature with a high moisture (ontent but when the seed
was dried out at room thp{_‘I“ltUIe it maintained for almost 3 months
the percentage of germination it showed at time of transfer. Tests
were discontinued for a period owing to the small amount of seed, but
when testing was resumed there had been some loss during the summer
months, followed by a uniform gertinaiion for anether 3 months.
The rapid decline in germination of seed havi ing o high meisture content
can be checked if the seed is dried out.




TasLE 1L.—Germination of seed of Chewings fescue (23h) grown at Arlinglon, Va., ha'vi,ng moisture contents of approzimately § and 14 percent,
storcd at high temperature for various periods after cold storage for various periods

91

Giermination of seed stored at 2° C. for period shown and then transforred | Germination of seed stored at 2° C. ﬂ)ropcriml shown and then transferrod
to 30° to 20

Molsture content approxumnately 14 Moisture content approximately 8 | Moisture content approximately 14 Mpisturs content approximantely 8
o percent t percent percent
Timoalter transfer to high
temperature when germi- | =
nation was tested (weeks)

Y

percent ois-

ture

3.74
12.92
percent mois-

ture

7.54
7.4
percent mois-
s 8.11
7.67
7.5

percent, mois-

percent mois-
ture

ture
6 months; 7.91

percent mois-

ture
4+ months; 8.03

percent mois-

ture

percent . mois-

tire

months; 1
percenit Imois-
ture

4 months; 13.84

ture

ture
1. month; 13.60

percent mois-
ture
percent mois-

percent mois-
months; 13.84
percent mois-
ture

4 months; 13.99
percent mois-
ture

6 months; 12,96

percent mois-
ture

ture

percent mois-

ture
0 month; 13.7

percent mois-

ture

6 months; 8.02

percent Inois-

ture
2 months; 7.33

0 month; 13.79 |
percent mnis- |
i 6 months
1 month; 13.7

|
I

0 :month;
i 1. mouth;
4 months
0 monath;
1 month;

2

I
g

0.
i
2.
3.
4 ..
5.
6...
7..
8.
4.
1

14
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TABLE 12.-—Germination of seed of Chewings feseue (sample 23h) grown at Arlinglon,
Va., removed from sealed storage with controlled moisture of approximately 1
percent el varigus stages in its loss of viability, 15938

Seed stored at Seed stored at 2° C. 1 manih, Seed stored at 2° C. 2 months,
30° O, then at 30° then at 30°

Dratr fgermioalion
tost

Trans- Transferred to rogm Transferred to room

farred

toroom Mar. | Mar Mar, [ Mar ] Mar,
Fob. 25 Feh. 26| 7y I8 wm i mwooa

|
Pereent| Percent| Percenty Pevoent { Percenty Percend | Pereend | Pereent . Percm."EPm-mt
... 85 |. : P R

1
'

awaBENEEL

CONDITIONS APPROXIMATING COMMERCILAL STORAGE

In order to follow changes in viability and moisture content of seed
stored more nearly as in commercial practice, Chewings fescue seed
was obtained from the 1935 crop grown in Oregon. One peck was sent
to each of the following places m September 1935: Hermiston and
Corvallis, Oreg., Geneva, N. Y., and Arlington, Va.? The seed was
stored I cloth bags in unheated buildings except at Corvallis, Oreg.,
where it was stored in a partislly heated building until Septsmber
1936, when it was transferred to an unheated building.

A moisture determination and a germination test were made
monthly on the four 1-peck lots. The results are given in table 13.
From the results of March 1937, it would appear that all four samples
were still of high germination value, but the samples stored at Geneva
and at Arlington had lost considerably in germination energy. The
7-day readings for the October 1935 test and the January 1937 test,
shown in table 14, may be taken as an index of the change of germina-
tion energy, since the rate at which the seed germinates s 2 measure of
its vigor or §ermination snergy,

The sample stored at Geneva had maintained a higher moisture
content than the sample stored at Arlington, but the temperature was
higher at Arlington.

! Acknowledgment is made to F. K. Dean, of the U, 5. Umntilla Field Station, Hermistan, Oreg., Mrs.
Oraca Cole Flalsehmen, Oregon Agricultural Collegs, Corvallis, Oreg.; and M, T, Munn, Division of Seed

Invastigations, New York State Agricultural Experiment Station,Geneva, N. Y., for providing storage aod
forwardlng samplas monthly.
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TapLE 13.—Germination and moisture conlenl of 1935 crop of Qregon-grown seed of
Chewings fescue stored in different Slales

lSsmpie 58466 stored|Sample TS stomdlﬁample 158464 slondlSampic 758465 stored
at (eneve, N. Y. |at Hermiston, Oreg. | ot Corvallis, Oreg. | at Arlington, Va.

Dete of test

Moisture] Germi- { Molsture] Germi- [Moisture] Germi- j Moisture) Germi-
content mation content | nsalion | content neiton | content nRLion

|
Percent | Pereent | Percent | Pereent | Percent | Pevcent | Percent | Percent
8.9 a3 1103 24

Seplember 1935
Qctober 1936
Movember 1835
Derember 1835
Jaouary 1936. .
February 1836

Augast 1838 _ ...
September 1936......
Qc¢tober 1938, ... ..
November 1836_.

March 1937 ..
i

TanLe 1. —CGermination in 7 days (indicating germination energy) of Chewings
fescue seed stored under condilions approzimaling commercial praclice

[ Cermination

Place of starage :
| idewoher | January
ST 1937

3
Pereent l Pereent
Herinizton, Oreg R R 1] 84
Corvailis, Oreg R 83
Arlingtar, Va. . . . 73
Genevs, N. Y e mmm e eman e s H al

In order to have a laboratory check on the bulk storage, smaller
quaniities of the seed from Oregon were stored in & cloth bag and in &
sealed jar at the controlled temperatures of 30°, 20°, and 2° C. and in
the laboratory. The sample stored in a cloth bag in the laboratory
had dried out to approximately 8-percent moisture and still showed 2
high germination in November 1936, but the germination of the seed
stored in & sealed jar where the moisture was held practically constant
at approximately 12 percent fell rapidly until it showed only 7-percent
germination after 14 months of storage. At 30° C. the seed in a
sealed jar held at the original moisture showed no germination after
5 months’ storage, and after 14 months at 20° the germination had
fallen 14 percent. Only at 2° did the seed stored in & sealed jar show
practically no loss in germination. The seed stored in a cloth bag
showed a loss of 31 percent at 30° and of 71 percent at 20° after 14
months. The greater loss at 20° was probably due to the higher
humidity in this chamber. A check on the humidity of these two
chambers over a period of a week during May 1936 showed for the
20° chamber & relative humidity of from 62 to 73 percent and for the
30° chamber a relative humidity of from 41 to 61 percent. The




TABLE 15.—Germination and moisiurc conlent of 1985 crop of Oregon-grown sced of Chewings fescue (sample 758465), after slorage under
: various condilions

Results under indicated conditions of storage

Laboratory - 30° C, 20° C,

Date of test
In ¢loth-hag In sealed jar In cloth bag In sealed jar In cloth bag In sealed jar In cloth bag In gealed jar

Mois-
ture
content

Mois-
ture
content

Mois-
ture
content

Mols-
ture
content

Mofise
ture
content

Mois-
ture
content

Mois-
ture
content

Mois-
ture
content

Germi-
nation

Germi-
nation

Germi-
nation

Germi-
nation

Germi-
nation

Germi-
nation

Germi-
nation

QGermi-
nation

Percent [Percent j Percent [ Percent | Percent { Percent | Percent | Percent [ Percent Percent | Percent | Percent { Percent | Percent | Percent
September 1035... . ... 6 97 RSV SR =

November 1935.. .,

December 1935.

January 1036 .. .- . ...
February 1936 ... ... ... .. ...
March 1936..... ... ...
April1036.. ... ...

May 1936...._.... ..

June 1936.._..._ . _

July 1936_..._.....

August 1936._ . .

September 1936. .

October 1936...

November 1936. .

December 1936._ .

January 1937. . . N L. . .. e IS SO
February 1937, i el e .. IO I O 12,43
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moisture content of the seed stored in a cloth bag was not checked
frequently, therefore it is difficult to compare these resnlts with those
from sealed storage. The loss at 30° was greater than would be
expected from previous results, but it is probeble that during part
of the time the moisture of the seed was greater than 8.11 percent as
indicated by the one test made. The results are given in table 15.

This experiment indicates that the artificial mothod of storage in
sealed eontainers does not cnuse a more rapid deterioration of the sced
thas, would be expected of seed under ordinary conditions at the same
temperature and having the same moisture content. Sealed jars
afford the only practicable means of maintaining a constant moisture
content,  The motsture content of the seed appears to be the critieal
[actor in the longevity of Chewings lescue seed.

STORAGE QF FESTUCA RUBRA STRAINS

Seed of certain mixed commercial strains of Festuea rubra ' was also
tested. This seed was harvested af the same time Nos. 1a and 8
Chewings [escue were harvested. Cermination tests were made
monthly, and a checld on the maisture content was made in January
1936.  The results {table 16) show that this sced responded to the
different storage conditions in the same way us Chewings fescue.

R EAsSs, Viviay, am! Tooe, BH, fee ontiole ¥,




Germination with indicated moisture content! and storage conditinns

Moisture approximately 10 percent Moisture approximately 14 percent

S“ﬁ.‘ye Dale of germination test

Laboratory, “ . )
cloth bag Senled storage Sealed storage

30°.C, 20° ¢, 10° C. 2°C, —=10° C, a0° C, 20° C. 10° C. 2°C. ~10° C.

Percent Percent Percent Peércent Percent Percent Percent Percent Percent Percent Percent
July 24, 1934 96 T FECI IUEUNN B . [ .

Ang. 24, 1934, e 96 ; 93 05 98 .

Sept. 27,1934 .. . . . a7 L . . PO U
Oct, 23,1034, ... . 03 { a7
Nov, 23,1934 . . S 98
Dec. 21, 1934... ..

Jan, 24,1935 ... . ...
Feb.28,1035... ... ..
Apr. 23, 1935

May 23, 1935.......
June 23, 1935... ..

July 25, 1935. ..

Aug. 30, 1035.

Sept. 24, 1035.

Qct. 24, 1035

Nov. 30,1035, ... . .
Dee. 21,1935, .. - 26 liemioe s
Jan. 29, 1936.. .. . ; 19-(9.28)] 94 (9.83)
Feb.29, 1936, ... i3 DU
Mar.30,1936. ... .......C 2

May 27, 1936, . e 10

June 27, 1936. BT 1
July 30, 1936, . .. 2
Aug. 24, 1936 . [i}
Sept. 24, 1903 - o B
Dec 2, 1936.. - 0
July 25, 1934 .

Aug. 23, 195

Sept. 28, 1934.

Qct. 23,71934. .

Nov. 23,1934,

Dec. 21, 1934, .
Jan. 24,1085, . .eiiil
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Feh 28, 1005 . ..
Apr. 23,1935, .. .
May 23,1085, ...
June 23, 1935. ..
July 25,1935, -
Sl | {AUR. 30, 1035, .
Sept, 24,1036 .. . ..c L N ST L
Qct. 24, 1035 e . [
Nov. 30, 1935, .. ... . .. 05 .- R I i -
Dec. 21,1935, . memeaaan &6 [, JO! IR . B o
Jan. 30, 1036..... ... o2 3 (e8| &4 (R0N] 95 (11L0) 306)| 97 (0.38) . 07 (11.64)
Fob.29,1036.., ... . N 83 . . . . .

Mar.30, 1936, ... ... . 70
May27,1936.. . ... .._... .| IO 50
June 27, 1936. _ . - Lo 46
July 27,1036, . e

Aug. 24, 1036.

Sept. 24, 1936. .
Dec, 2, 1036, . ...
July 25, 1934

Aug. 24, 1934, .
Sept. 28, 1034

Oct. 23, 1034.

Nov. 23,1934 .

Dec, 21, 1934, .

Jan. 24, 1935 ... . .
Feb. 28, 1035.. .. .
Apr.23, 1035 ..

May 23, 1835_. .

June 23, 1935... .

July 25,1935, . ..
Aug.30,1935.

Sept. 24,1035 .
Oct.24,1035.. ... .
Nov.30,1935 . . . . e . .
Dec. 21, 1935, . .. . e mgans 19 e eeinennoooo | 28 63

Jan. 30,1036, .. .. ... a1 (6.73) 96 (10, 03) 95 (0. 96)] 96 (9.50) 56 (11.09)
Feb.29,1036... ... _ .. RPRICY 1 DR P . el R 58

Mar.30,1036... ... .. ... _ 2 .- . . . 51
May 27,1936 e P R e - ; N P a7
June 27, 1936 . . 86 b . I R
July 30, 1936...
Aug. 24,1036. .
Sept. 24, 1936 .
Dec. 2,1936__..
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1 Numbers.in parentheses denote check of moisture percentage.
1 No seed left for further test,




24 TECHNICAL BULLETIS 670, U. S, DEPI. OF AGRICULTURE
DISCUSSION

Loss of viability of fescue sced is directly associated with a high
moisture content of the seed and a high temperature. It may be
assumed that this general statement will hold for other kinds of seeds.
Although the critical moisture and temperature conditions may vary
somewhat for lifferent kinds of seeds, it is believed that these results
may serve s a general guide in determining suitable storage conditious
for most kinds of seeds, until the detailed hehavior of other kinds are
determined.

The advantage of shipping seed under cool storage in oversea transit
is lost & few months after entry into this country unless the seed is held
in subsequent storage at o temperature as low as 2° C. or unless the
seed is dried to a moisture content not exceeding 10 percent. Ex-
periments on domestic seed haVving a moisture content of approxi-
mately 8 percent and 14 pereent stored at 20° and 30°, and also at
2°for 1 to 6 months and then transferred to 20° and 30°, demonstrate
this fact. The seed having & moisture content of approximately 8
percent showed no loss after 14 months of storage continuously at
20° or 30° or held in cold storage for various periods before subsequent
storage at the higher temperatures. The seed having a moisture
content of approximately 14 percent lost just as rapidly when trans-
ferred frum cool storage to a higher temperature as when the seed
was held constantly at a high temperature, but the rate of the fall was
mmuch greater when the seed was transferred to 30° than wihen trans-
ferred to 20°. Beed samples with a moisture content of approximately
14 percent stored at 2° for 1, 2, 4, and 6 months showed & germination
of 95, 99, 97, and 98 percent on the day they were transferred to 30°;
but 5 weeks from the date of transfer these samples showed & germina-
tion of 71, 71, 68, and 58 percent, respectively, a germination as low
as or lower than the 73 percent shown at the end of 5 weeks by the
seed held continuously at 80°. There is a slight indication that the
seed held in cool storage and then transferred to 20° lost vitality in a
shorter period, counting from the date of transfer, than the seed held
constantly at 20°,

Checking the fall of germination by drying out on arrival of the
seed shipped under cool storage found in the experiment on samples
751444-751446 was supported by the experiments on sample 23b.
The seed with a high moisture content stored at & high temperature
detertorated rapidly, but if the seed was taken out and dried at room
tempersature it maintained o constant germination for approximately
3 months, Suabsequent stornge of sumples shipped under cool storage
conditions and ol samples dried before shipment showed that seed
dried hefore shipment arrived in as good condition as seed shipped in
cool storage and that it had a longer life after receipt in this country.
For example, samplos 751444 and 751445 shipped under cool-storage
conditions showed on arrival o germingtion of 81 percent, but after
4 months’ storage in the luboratory with the original moisture content
the seed was dead. Samples in the series 750945-750974, dried to
7.3 percent before shipment, showed on arrival a germination of from
72 to 96 pereent, and alter 2 years 2 months’ storage in the laboratory
with the original moisture content the seed still showed a germination
of from 34 to 74 percent. {r, to compare within the same shipment,
samples 750945-750074, the sced dried before shipment and kept dry
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showed after 2 years 2 months’ storage in the laboratory 2 germina-
tion about equa{to the nondried seed on sarrival.

The results of the test of domestic seed with moisture content vary-
ing from approximately 8 to 14 percent stored in sealed jars at tem-
peratures of —10°, 2°, 10°, 20°, and 30° C. show the direct aszociation
of the moisture content of the seed and the storage temperature on
the life of fescus seed. Fescue seed lost its vitality very rapidly at 30°
if the moisture content was high, At this temperaiure the seed fell
approximately 20 percent in germination in 5 weeks, 4 months, and
12 months at moisture contents of 14, 12, and 10 percent, respectively;
the seed was practicelly dead in 3 t¢ 5 months when the moisture was
14 percent and in 8 months at 12-percent moisture,

Fescue seed stored at 30° with & moisture content of approximately
10 percent retained its vitality mueh longer than seed having a
moisture content of approximately 14 percent stored at 20°, but not as
long as the seed having & moisture content of approximately 14
percent stored at 10°. However, seed having a molsture content of
approximately 10 percent stored at 20° showed a germination above
90 percent after 2 years 2 months’ storage, as compared with the
germination of 58 and 77 percent for the seed having a moisture
content of approximately 14 percent stored at 10°.

The moisture content of fescue seed stored ab 30° should not exceed
8 percent, stored at 20° should not exceed 10 percent, and stored at
16° should not exceed 12 percent for long-time storage. Therefore,
1t 1s of no benefit to ship seed containing & high percentage of moisture
under eool-storage conditions, because 1t will lose its vitality on arrival
in this country as rapidly as the seed not shipped under cool storage,

and the initial germination of such seed on arrival would only serve
to mislead the trade. Seed that dies slowi{ goes through a period

when a large percentage of sprouts develop abnormally during germi-
nation. These abnormal sprouts are worthless, since they would
never develop to maturity. Their true value is very difficult to
interpret, and they are of the type that cause controversy concerning
the lack of uniformity of germination results among analysts.

SUMMARY

Chewings fescue (Festuea rubra var. commutala) seed shipped from
New Zealand under different conditions and domestic seed of high
viability were stored at different moisture eontents and at a series of
temperatures. The germination of the seed was determined at
intervals. Domestic seed of commercial strains of Festuca rubra was
tested in comparison with the seed of Chewings fescue.

The advantage of shipping seed under cool storage conditions in
oversea transit was lost & few months after arrival in the United States
unless the seed was held in subsequent storage at a temperature as
low as 2° C. or unless it was dried out after arrival to & meisture con-
tent not exceeding 10 percent.

Seed dried before shipment overseas and kept dry showed after 18
to 26 months’ storage in the lnborstory at rcom temperature & germina-
tion equal to that shown Ly the nondried seed on arrival in this country.

Domestic seed in sealed containers stored at 30° C. with approxi-
mately 14-percent moisture lost 20- to 30-percent germination in
4 to 5 weeks; with 12-percent moisture this loss occurred in 4 to 5
months, and with 10-percent moisture in approximately 12 months,
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With 8-percent moisture there was no appreciable loss in 1 year and
3 months.

Seed stored at 20° C, with approximately 14-percent moisture lost
approximately 20 percent in 8 to 10 months; with 12-percent moisture
the loss was less than 10 percent in 1 year 3 months, and with 10-
percent moisture there was no appreciable loss in 2 years,

Seed stored at 10° C. with approximately 14-percent moistyre
showed 15 to 30 percent loss in germination in 2 years; with approxi-
mately 10-percent moisture the seed had shown no loss in the final
germination In 2 years, but the rate of germination was slower,

The moisture content of fescue seed stored st 30° C. should not
exceed 8 percent; at 20° it should not exceed 10 percent; and at 10°
it should not exceed 12 percent for long-time storage. If the moisture
content of the seed exceeds 10 percent it should be stored at & tem-
perature below 20°, bus if the moisture content of the seed is below
8 percent it may be stored safely at a temperature as high as 30°.

Seed that dies slowly showed at certain stages in its fall of germina-
tion & large percentage of sprouts which develop abnormally and are
not capable of further development.

Seed having a moisture content of approximately 8 percent held in
cold storage from 1 to 6 months befora transferring to 20° and 30° C.
showed no significant loss in germination after 14 months.

Seed having a moisture content of approximately 14 percent held in
cold storage from 1 to 6 months lost in germination when transferred
t0 20° and 30° C. The fall in germination was much faster when the
seed was transferred to 30° than when transferred to 20°, Seed having
& moisture content of approximately 14 percent and stored at 30° fell

rapidly in germination regardless of whether the seed had been held
et 30° from the beginning or had been previously in cool storage.
There is & slight indication that seed having 8 moisture conten of
approximately 14 percent and transferred from cool storage to 20°
lost more rapidly than the seed stored at 20° from the beginning.

The rapid decline in germination of seed having a high moisture
content was checlied if the seed was dried out.
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