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Vegetable-Seed Storage as Affected by
Temperature and Relative Humidity '

By Bupy if, Toows, senior phyviclogist, Yivian Keanws Toove, assislant botanist,
and . A, Goumax, formerly assistanl refrigerating engineer, Division of Fruit
and Vegetable Craps and Dixeases, Bureaw of Plant Industry, Seils, and Agri-
cultural Engineering, Agricuturel Rescarch Administretion
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= INTRODUCTION

ﬁe rdie of deterioration of sone vegetable sceds when stored al

Sehigh tomBratures and high humiditics comparable Lo these prevailing

in Golf eates has been delermined (4).2 The present study of
veuelabloageed storage was designed as an extension of thai work to
provide inkermediate conditions of temperature and humidity, to ex-
tend the period of stornge, to include additional kinds of sceds, nnd
o vetest some kinds of seeds from another seed crop.

Singe the publieation of Technieal Bulletin 708 (4) & paper by
Bazrton (3) on the relation of temperature and humidity to viability
of seeds wnd one by Rodrige and Tecson {§) on the relation of seed
moisture to vegetable-seed storage have appeared.  Akamine (/) has

reported the effect of lesuperature and humidity on storage of vege-

table and frrncrop secds.

* Submitled for publieation April 28, 1048,
2 fialic numbers in parentheses refer lo Literature Cited, p. 24,

THER®  $R—-i
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MATERTALS AND METHODS
SEEDS

Seeds of 15 vegetables of the preceding scason’s crop (1939) were
obiained from reliable producers as socon as feasible after they had
been cleaned. Upon reecipt of the secds at Beltsville, Md., they were
stored at about 40° F. and a relative humidity of 50 percent for 4 to
6 weeks until put under the various experimentsal storage conditions
on Fobrurry 12, 1940,

‘The kinds and varieties of seeds tested included snap bean (Bounti-
ful); cabbage (All Seasons); carrot (Red Core Chantenay); celery
(Golden Supreme); sweet corn (Clarks Early Evergreen); cocumber
{Barly Fortune); lettuce (Imperial 44); okra {Perkins Mammoth);
onion (Yellow Bermuda); pea (Laxton Progress); pepper (Oskview
Wonder); spinach (Long Standing Bloomsdale); tomato (Rutgers);
turnip (Purple Top White Globe); and watermelon (Kloadike R 7).

Svonrace CuaMsens

Eight controlled storage conditions were provided in closed sheet-
won chambers or comparlments, approximately 3 by 23 by 3Y% fect.
The chambers were placed in rooms that were kepl at the three tem-
peratures (50°, 70°, and 80° F.) desived for the oxperiment by means
of brine-refrigeration coils, circulating fans, and heaters, The humid-
ity of these temperature-controlled vooms in which the chambers were
placed was approximately 50 pereent.  For the control of humidity,
cach compartment was equipped with a fan, a waier surface, and a
humidistat with hair dements which controllod & rvelay device that
operated two doors, each of ubout 4 square inches, in the side wall of
the compartment near the fan.  These doovs allowed the intreduction
of low-humidity air from the stornge room into the compartment
and provided & quick control of humidity within the chamber by
combining the air of the two humidities. ~ The humiditics that were
miended to be maintained were 50 and 80 percent at 50° and 63, 73,
and 86 pereent at both 70° and 80°,  Daily readings were madec of the
dry- and wet-bulb thermometers as a cheek on the control and as a
record of the conditions that were actually maintained,

I order to approximate warchouse storage, an additional chamber
of similar size hut enclosed with wire screens to exclude rodents and
inseets was placed in a small, usheated frame building at Beltsville,
Ald. Temperature and humidity were recorded by a hygrother-
mograph,

Disvositiony oF Seen

After the origing! moisture and germination tests, each kind of seed
was divided into 108 small portions of sufficient size for additional
moisture and germination tests. Each portion was placed in a small,
open ointment box fixed to weoden strips to facilitate handling.
The boxes were uniformly spaced so that each strip held 1 sampling
of each of the 13 kinds of seeds.  The strips with Lhe open boxes of
seed were placed in each chamber so that all sewds had casy aceess to
freely circulating aie,
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SEALED STORAGE

In the comparison of sealed aad open storage, the seeds for both
kinds of storage were exposed in the humidity chambers for 6 weeks.
'Then the samples for sealed storuge were removed and quickly placed
in glass vials with serew caps sealed with hot paraffin.  The scaled
vials were relurned to the respective chambers. At certain of the
regular sampling periods some of the sealed samples were removed
and moisture and gerraination tesfs were made on them at the same
time as on open-stornge samples from the same chambers.  This was
done ot times when & moderate to severe loss of viability could be
expected,

SampLING

After the original moisture and germination samples had been
drawn, the sced was placed at the different storage conditions on
Tebruary 12, 1940. Samples were taken at 3-week intervals for 36
weeks,  Upon removal from the storage chamber, each sample was
mixed and a small portion was guickly placed in » glass-stoppered
weighing bottle for moisture determination; the remainder was
placed in & paper envelope for a prompt germination test. For
moisture determination nhout 10 gm. of seed was used for bean, pea,
corn, and okra, about 5 ¢m. for watermelon and cucumber, and 2
g, for the small seeds.  The seed was dried in a large foreed-circula-
Lion cleetric drying oven at 100°£0.53° C.; the large seeds were dried
48 hours and the smaller ones 24 hours,

GCermxamiox TesTs

The portions of seed placed in paper envelopes upon removal from
the severat chambers were held at o temperature of about 30° F,
until they could be tested for germination.  All germination tests
wore started within 2 days after the sample was taken.  Any utused
portions of these samples were held in cold storage until wbout 1
yenr after the beginning of the experimient, when all samples of a
given kind of seed were retested for germination on the same day.

Germnination Lests were conductied in aceordance with the recom-
mendalions of he Associntion of Official Sced Analysts of North
Amoerica (2), with the exeeption of those for eclery, bean, and corn.
Preliminary tosts of celery had shown that this sample germinated
better at o daily temperature alternation of 13° to 25° C. than at one
of 20° to 30%, The celery seed was germinated at these 2 tempera-
ture llernations, but only the results obtained at the former alter-
nation are presented here.  Bean and corn seeds were germinated in
(lats of sterilized soil in a greenbouse.  Quadruplicate 100-seed tests
were used except for okra, for which 8 tests of 100 sceds each were
used Tor cach sample.

STORAGE CONDITIONS MAINTAINED
With the equipment available it was not feasible to control temper-

alure or humidity within very narrow limits, but the different levels
wore naintained sulliciently” for the purposes of the experiment.
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Woekly means of temperatures and humidities are shown in figure 1;
and means for the cntire period of the experiment with standard
errors, based on the 3-week moeans between sampling periods, are
given in tuble 1.

The values shown in figure 1 and table 1 are based on daily readings
b one point in each chamber and are believed to be aecurate for this
place in the chamber and for the time of reading. Although a fan
was maintained in each chamber, these readings may not vepresent
nverage conditions surrounding the sceds as closely as is indicated by
the values given.  This is especiaily true for humidity. Temperatures
of the sopﬁmt.(, chambers in ezzh room were vcl}y neerly alike; there-
fore, in figure 1, A, the temperstures are given for only onc chamber
in cach room. In {_,cf:eml the tcmpcmtnres tended to be slighily
lower at the higher humidity levels, possibly because of evaporation
of larger qunntit;es of water in those chambers

Taree L—Mean temperobires aond hwmidities and their sioadard errore, tn the
vartons slorage chambers

[Ench valie based on 12 saceessive Boweek perioals]

. : i I
Intended temperstire - Mo Menn Y intended li-m;mrﬁmn.q Mentt gl
aod Intnidty of stornge . tners ly wird by of stucge l lcl:mvm sty
chinbios siure . o choutber Lz
1 1

LT | °F, b Dercent ! g . I Fereent
B POTOMIE . o ecnsvanany ] B2 0kDH ) B2 4RO ?h e BB peroenr Bl 4= 00 ) 658 .35
Bn UPCCTE e Sk L35 B I L8 THpereent.. o ELGE 10 T 44 30

e S0 rwreent . e fa i 82 i Vi 4 M
il‘,gurunt 1 14 .64+ .42 . Wary L . ' b!]ﬁ;l;-i(}l TS 36
3 peroent, L., RLTE L IT 0 TR LR ; .

80 popernit U0 08 854,25 H
'.. i :'u

EFFECT OF STORAGLE COXNDITIONS
Seep MoisTure

Under the conditions of this experiment all the sceds except bean,
pen, and corn reached an equilibrium in moisture content for cach
storge condition by the end of 3 weeks,  The mean moisture contents
of the 13 kinds of seeds for cach of the 9 storage conditions are pre-
seriled in fable 2. Ireegular finctuntions in moisture content that
were nol correlated with the air-humidity date ebtained or with the
sermination behavior were observed at different sampling dates,
They probably represent varialions s preeision of moisture deter-
minations as well us netunl variations in soed moisture resulting from
husidity ehanges within the chambers preceding the sam;)lmg The
analysis of varianee of the air humidity and of ‘the moisture content
of the several kinds of secds for the 3 controlied humidities ench at
70° nnd 80° F. is given in table 3. Within the comparatively narrow
range of umidily invelved in this experiment, the inerease of sesd
moisture with incrcase of air humidity is essentially linear,
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. Fraone 1—~Weekly average temperntures and relative bumiditics in the storage

chambers: A, Temperntares in one chamber (80 prreent humidity) in each of
the throe controlled rooms and i the warebouse; B, relative hwnidities b the
two chambers in the 50° I, room and in {he warehouse; C, reiative lumidities
in the three chambors in the 70° room; D, relative hunudities in the three
ehatniers i the 80° room,
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TaBLB 2.—Moisture confents of seeds of 15 kinds of vegetables before and after
storage under 9 conditions

[Each value for stored seed based on 12 successive samples taken at 3-week Intervnls; values for original
content based on 2 sampjas)

Mean moisture content of seed stored at indicated ﬁ{i?,’.‘

mean tempernture and hitmldiey ture

Origi- content
na} - o o of seed
Kind 51 seed Tl?g 51.0° F, 08° F, 80.2° F. sg,i,r,_.d
content i wal:e-
ofsced | 52.4 | 802 | 645 | 723 65.8 | 734 house,
per- | per- | pers | er- ™I~ | Per- Talts.
cent cettl | eeut cont ) cent villo

Pers Per- 1 Per- Pere | Per-
Percent cent cent | cend Percent
12,0 4.1 12,4
7.3 8.0
9.4 10,4
}?3 11.4
B
7.
1.3
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0.2
11,9
:_}. t
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Tanre 3~~Analysis of variance of air humidity and of moislure conlents of seeds
of 15 kinds aof vegelables stored al 3 humidity levels cuch at "0° and 80° F

[Humldlty readlngs for 12 siccesslvy F-weok perimls and maelsture eontents ab the erd af cach 3-week period]

De- 4y Varinnee for molsture cantent of gool of—

ores " .

Soures of vartation af ?Iltl]l;:”f:;f
frve- iy Rean | Cub-{ Cnar- Colery | Corn Cu- Let-

dom {snap) | bage ¥ | (swweut) [ cumber] e

Tenperatury. . . . Bat| 2% X 4 3 0. #7
Hurnklity Qinear) . E 1367 | 5318
Thumliliiy (uadealled. . 03
Tempernture X humid B 2,1
Puriod of storage. . 15 L2
Ertoro oo —— W87 .2

Totnl, wviecciame aea L LN E

Yirinuee for malstiure sontent of sepd

Source of varistion
Qnitn I'oqy

v Mepe ;odpine o Te- Wilgrs
foer ;oaeh  mnto elon

Tempernture ..o 3 1,25 N 0.59 0. 70 0,24
Hubdlty flinenrd. NIRRT ER fwh, 02 [ 30, 0
Humidlty tqundeaticy. 7 3 Mt . .0
Pemperatune X hononkdl . .7l . Il 5 .25
Feriod) of storge .o, __ ] h 173 - . : 1.4
Krror, . L ibd .18 ]

Toal s il

The results of the analysis of covariance of air humidity (mean for
3 weeks preceding sampling) and moisture content of sced (cdeter-
mined at the end of each 3-week period) for the six controlled conei-
tions at 70° and 80° F. are shown in table 4. The variations in seed



http:12,68:1.52

VEGETABLE-SEED STORAGE Vi

moisture of svccessive individual determinations did not consistently
refléct the small irregular fluctuations in mean air-humidity values
for the preceding 3-week period. On the other hand, the eorrelation
was very high between seed moisture and air humidity ameng cham-
bers for the cntive storage period.  The correlation within treatments
caleuleted from the variance analysis gave resulis comparable o
those among treatments based on the covariance.

Tasue 4o~ Analysi of covarivnce of air humidity and of meisture conlents of sceds
of 15 kinds of vegelables stored at 3 hunmidity leeels each at 70° and §0° I,

{Elarnfliey resdings for 19 snecessloet-week pechils amd molture conlents ot the etnd of ooek 3-week period;
47 dewrees of freedom for ench enfegory, brie! on varlanee within conteolicd chambeys]

Correlutlon a

Belweer fix | o Standurd Starrlard

. i collifent of ] =0 etror of

i of seeed hanidity rearession errar of renression

it seed ostiomte CORMACivRt

tnlsture
Y PO e a4
; & } b
EICLE S, SIMI]Y o emsm v s mnmcmemammnme b o 0,220 4 [T
gnhh:ltg{' .. :Iij.}‘ :‘;I!L?i’
rreol . ' | R
{elory ! it
o, Awell S LEH
Cuenbur Ll L RHA)
Lettaer . .. .I[‘.‘. ' T
Ok . .. At LIS
tlon ..o 1349 LA
e 124 i Rl
IMepiser 15t [LE)]
Spdameh -1 t LI
Tl - ... iy -t
Turaly e 6 NI
Waterigelon 1] LOES
L

Exninination of table 2 shows that the mean moisture at & given
humidily differs greatly among the several kinds of sceds and also
thal the rate of change in moisture with change in humidity differs
considerably.  The rales of change are shown in table 4 by the cocfli-
cients of regression.  Cueumber sced gained only slightly more than
0.1 pereent in moisture with euch inerease of 1 percent in humidity,
but bean and pea seeds gnined more than fwice that amount. The
regression vitlues obtained in this study are in close agreement with
those found in a previeus study by Boswell ot al. (4), although the
basis of ealealation is shightly different.

The present study was not planoned to determine the effect of
temperature on moisture content of seed, beeause the recorded mean
air humidities may not accurately indieate the true conditions sur-
rounding the seeds.  However, examination of table 2 shows that the
moisture eontents reached by the different kinds of seeds at approxi-
mately 8O percent bumidity were greater at 51.9° F, thaw at 70.8° and
8022, This tendeney for o higher seed-moisture equitibrium at
about 307 than ai higher temperatures for a given homidity has been
noted by Boswell ot al.t4) and Barton (3). 1t is probubly dne to {he
lower vapor presaure of the moisture in Lhe seeds at the lower tempera-
ture.  The sightly but cousistently higher seed-moisture values at
80.2°% and 7.8 percent hwmidily than at 70.8% and 80.5 percent
Bumidily eannot be explained, anless the humidity readings in these
chasithers Miled to represent the trae humidity surrounding  the
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seeds.  Fenton (6) bas pointed out the relation of the vapor pressure
of sceds at different temperatures to seed-moisbure equilibrium.,

The moisture content of seed from warehouse storage varied greatly
from period to period because of the widely variable air hunudity es
shown in figure 1, 8. However, the predicted mean moisture contents 3
for a humidity corresponding to the mean air humiity of the ware-
house for the 36 wecks of the experiment were within ap woximaiely
0.5 pereent of the means of the 12 determined values for all seed kinds,
except bean and pea.  This indicates the feasibility of predieting with
fair accuracy the average moisture content that seed will attain when
exposed to nir of known mean humidity.

For the individual 3-week periods, it was not possible to predict
neeurately the meisture content of the warchouse-stored sced. 1t
was found, hewever, that a eloser prediction of seed nmioisture for the
smaller sceds for wany of the sampling dates could be made by using
a humidity value for the preceding period that gave equal weight to
the readings for the 2 days before sumpling und for the 2 weeks before
instead of the mean for the eatire 3-week pevied. This indicates
that, although the moisture of the small seeds exposed as in this
experiment changes very rupidly, there is a residunt influence of pre-
vious humidity conditions. 1t also indicates that the mean humidity
for the 3-week period before sampling {used in ealenlating the data in
Lable 4} is not Liie best value for the determinittion of correlation and
coctlicicnt of vegression, It would be tmpractical, however, to deter-
inine the best balanee of short- and long-time influence of air humidity
for cach kind of sced as exposed in these particular studies,

fn samples of sevds of bean (variety Bountiful) stored for a few
weeks rinder unfavoruble conditions, it was observed that the eolor
of the seed cont had darkened. At 80° F. and 80 and 73 percent
humidities the nalural tan color had changed to o dull reddish brows.
There was a slight change of color #t 80° and 63 percent humidiiy.
The change at 70° and 80 pereent humidity was somewhiat less than
at 80° and 65 percent humidity. No color chunge was ebserved in
sceds stored al 50°0 It would appear thal tempernlure had more
influenee than humidity on color change.

Suen Vianiary

The chicef points of interest in the germinntion resulis are the time
at which viability was first definitely impaired and the rate of deercase
i germinniion Lhereafter. To present these points most clearly, the
germination results for seeds removed from the controlled chambers
wre shown graphieally in figures 2 to 6.

3 Based on the regression eovflicion! und Hhe nenn motsture comients for the six

controthsd chinmbers at 70° and 86° F. for cuch seed kind rnd on (he dilference in
urenn air humidity between the warehonse and the controticd ehamboers,



http:IIlen.1l

VEGETABLE-SEED STORAGE 9
S R N i ] !

30

C BG*F, 40 PERCENT

407 ® 9O*F, 73 PERGENT !
B 60° F, 65 PERGENT

£l o 8 70°F., 50 PERCENT
4 76° £, T3 PERGENT

2o~

13]—BEAN

o I TR NN SR B s !
100

ao

~
o

o
[}

5
g &

SEEDS GERMINATING (PERCE:T)
N [+
o o

=]

CABAAGE

to¢ T I T i T ! i j 1 7
41— —_

0o,

70

&0

50

50

a0

20

O F-CARADTY

t l 1 ! ] i
o —
o 3 & ) 12 I8 19 2 24 27 20 33 3
» PERIOD IN STORAGE (WEENS)

Fraure 2.—Clermination of bean, cabbage, snd carro sceds after storage for 3 to
36 weeks ab various tempoerabures and bumidities, Germinzlion capacity
{horizontal line) determined from ihe mean value of tests before storage and
of tests from conditions without significani loss of germination within the
B6-week period.  Awmount necessery for & highly sigaificant deviation from ench
mean: & L0 prreent foe bean, 4.2 percent for cabbage, and £4.0 percent for
earrot,

TN —2




10 TECHNICAL BULLETIN 972, U. $. DEPT. OF AGRICULTURE
|°° - - - L JCEEEE . . . . - . .
| [

0
:1v)
L
70
60
50
40
30
20

10 |— CELERY

o

e
Z
L
]
@
]
o
-
o
T
L4
-
z
L]
T
&
>
B
a
u
M
"

0 O 80*F, 80 PERGENT
a0 ® 50° F., 73 PEFGENT

o 80*F., 65 PERCENT
® 70° F,, 80 PERGCENT
1o B o & TOF., 73 PERCENT
v 70°F., 65 PERCENT
20— W 50°F, $0 PERCENT

10 |-CuUCuMBER
I | I } ! ! !
o
[+] ) L] b ] 2 £ it 2i 24 27 a0 L 3%
PERIOD iN -STORAGE {WEEKS)

Froure 3.—Cermination of celery, corn, and cucumber seeds after storage for 3
to 36 weeks at various temperatures and humidities. Germination capacity
fhorizantal line) determined from the mean value of tests before storage and
of tests from tonditions without significant loss of germination within the
36-week period.  Amount necessary for a highly significant deviation from each
mesn: b;1:1'3.3 pereent for celery, £ 5.2 porcent for corn, and £3.1 percent for
viicumber.




VEGQETARLE-SEED STORAGE 11

100,
® »
' 80

1

- G 6O%F, BG FERCENT
3 BO*F, T3 PERCENT
. [.1+] 0 BO*F, #5 PERCENT

@ T0*f, BD PERGENT
&0

30

a0

1a

&0

50

SEEDS GERNINATING LPERCENT)

20—

10 [—LETTUCC

60 ¢~ -
50 f— -
&0 — —
w0
20 |—
10 [-onma
P ] t t 1 | l | i 1 i
¢ 3 A ) 1z 15 T 21 24 z? 30 23 36
PEMIOD 1M STRRAGF {WEEKS)
. Frouns 4.—Cermination of pon, lettnee, and okea seeds after stornge for 3 to 36

weoks ab verious temperatures and bhumidities,  Germination eapueity {hori-
zonlal ling) determined from tha mean vidue of tests before storage and of tests
from condilions withoul signifieant loss of perminntion within the 3t-weck
period.  Amount necessary for o highly gignificant doviation from each orn:
= 2.6 peresnt for pen, 34, 2.1 percond for lettues, and <k 5.0 pereent for okea,



http:7.Ontnl\i.no

12 TECHNICAL BULLEVIN 972, U, S, DEPT, OF AGRICULTURE

100

Toeanimarion carapity |

90

= 4 ¥

ag
o
62
50
a0

30

20

&

g
=
w
(&)
o
[T¥)
[N
60— @ BO*F., B0 PERCENT
= ® 20"F., 73 PEACENT
T A0 O 80°F, 6% FERCENT
E B 70°F, 80 PERGENT
® 0 |— & TOF, T3 PERGENT
b ¥ FO'F, 68 PERGENT
2 20— @ 50°F, 80 PERCENT
ﬁ 20 ...
PEPPER
1o |-
! |
0 | ] | | i | & L &
100
i t | I
90 1— GERMINATION CAPACITY 1
80 fou
70 -
60 [—
s0]—
40 [
20 L
20 [—
SPINACH
10 |-
o L I l LI ! — =
) 3 3 ) 1z 15 18 2 74 z7 30 13 3s

PERIOD N STORAGE [WEEKS)

Iricune 5. —Germination of onion, pepper, and spinach seeds after storage for 3
te 386 weeks at various temperatures and humidities. Germination capacity
{horizoital line} determined frotn the mean value of iests hefore storage and
of tests from tondilions withoul signifieant loss of germination within the
36-week period.  Amount necessary for u highly sigiifieant deviation from
each wneant £3.7 pereent for onion, £4.8 percend for pepper, and +3.5
pereent for spinach,
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Fraure 6.-—Germination of tomato, turnip, and watermelon sceds after storage

for 3 to 36 weeks ab various tempersturcs and huinidities,

Germination ea-

pacity {horizouisl line} delermined from ihe mean value of tesis before sior-
nge and of Lests from conditions wilhout signifieant loss of germination within

the 36-weck periad.

Amount neeessary for & highly significant deviation from

egch mean: £ 2.8 pereent for tomato, £3.1 pereent for turnip, and £3.2
pereent for watermelown,
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For many kinds of sceds there was no significant decrease in ger-
mination during the 36-week period for 2 or more of the storage con-
ditions. 1In the graphs sll values representing no significant chango
have been eombined into a single horizontal line (germination ca-
pacity) developed from the replicate tests made before storage and
the succassive tests from the conditio..s that showed no significant
loss up to 36 weeks of storage. The standard deviations of these
individual values were determined, and the amounts required for n
highly significant deviation (99:1) from the mean of these values are
indicated in ench graph by a vertica! line at the end of the horizontal
line. These mean values vary in precision. For onion only 40 valucs
(16 original plus 24 at 50° F. and 50 percent humidity) were avail-
able for calculation of the mean and the standard deviation, whereas
for tomato 304 values were used. Successive germination values are
plotted for only those storage conditions that showed significant de-
crense in germination within 36 wecks,

As the experiment was started in February, the temperatures under
natural conditions at Beltsville for the first 18 weeks were favorable
for maintaining seed viability and therefore the losses for the period
of the cxperiment were not large. For this reason a detailed report
of the germination of the sceds stored in the warchouse is not given.
Onion and lettuce from warchouse storuge showed an appreciable loss
in germination carly in the summer and a serious loss by the end of
the storage period in October. Sweet corn, watermelon, cucumber,
spinach, cabbage, carrot, celery, and pepper showed some loss by the
end of the summer. Bean, pea, okra, turnip, and tomato maintained
their viability under these natural conditions for the entire period of
36 weeks, '

In practice, it is essential to know how long sceds can be held at
known conditions until the loss becomes appreciable and until a
serious loss is expected. For this purpose table 5 shows the approxi-
mate time seeds remained in storage at various conditions before a
significant decrease in germination was observed and before germina-
tion fell below the minimum standards for vegetable seeds. The
standards applying in interstate commerce as determined and estab-
lished under the Federnl Sced Act {9) were used,

Of the 15 kinds of veretabie seeds, onion (fig, 7) was decidedly the
most sensitive to conditions of storage and tomato the least. None of
the seeds decereased significantly in germination during 36 weeks of
stornge at 50° TF. and 50 percent humidity. Sweet corn, pepper,
watermelon, onion, and celery decreased significantly at 50° and 80
percent humidily, and the last 3 kinds also showed a significant loss
at 70° and 65 percent humidity. The relative keeping qualities of
different kinds of seeds cannot be rated definitely, because of their
unlike response to the various storage conditions. IFor example,
onion seed stored at 80° und 80 percent humidity decreased in viability
appreciably in 3 wecks and was entirely dead in 12 weeks, whereas
lottuce seed held its original viability for 6 weeks but then decreased
in germination almost as rapidly as onion. Under the conditions of
this experiment, onion seed was protected from a significant loss only




TaBLE 5-—Timein storage until first highly significant decrease in germingtion and until germination fell below accépted standards

[When no value is given the subminimal one was not reached in the 36-week period of the experiment]

Time at indicated temperature and humidity of storage for—

First highly significant loss of germination Dscrease in germination below standard !

70° F. | seF. 80° F. T0°F. 50° F.

Ware-
house

65 per- | 80 per- { 73 per- | 65 per- r- | 50 per- 80 per- | 73 per- 73 per- | 65 per-
cent cent cent cent cent i cent cent cent. cent

Weeks. | Weeks | Weeks s | Weeks | Weeks | Weeks | Weeks ’eeks | Weeks | Weeks Weeks
24 30 ; - 12 21

24 36 21 30 o
24 36 24
18 30 . 30 12 24 36
30 ; 15 30 33
21 24 30 36
9 15
3
30
18 24

27
36 30 24 36

saas

Corn, sweet
Cucumber....
Lettuce

3
™=

-

i

Tomatc. .
Turnip -
‘Watermelon.._.

12
6
6
3
6
6
9
9
3
2
6
6
5
6
3

dEdenedisEe

IDVHOLS dFAS-ATIVIADIA

1 Standards applying in interstate commerce as published in U. 8. Prod. and Market. Admin. Serv. and Regulat. Announc, 156 (9).
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al 50° wind 80 pereent humbdity (hg. 7, 15, but letlaee seed showed no
loms even at 70 and 73 percent humidity,

Loss of viabilily of all kinds of seeds was progressively Taster with
ierense of tempernture or of humidity and the effect of the two factors
wns pdditive,  1or this renson, it cannot be sodd that one is 4 more
iniportent faetor than the other—they must be considered together,

The wermination graphs indicate o genernl tendeney lor o similar
e of loss in sermination for storage 0t 80° F.and 65 pereent humid-
ity and at 702 wnd 8¢ percent humidity. This is particulacly teue for
Lhe Kinds of seeds that did not decrense sharply in viahility ot these

Figene 7. - Germination of onian seed stored For 30 wecks ander varions condilions
of teanperstnre nod hamidity: o4, S0° 1 and 80 pereent; 23, 80% and 73 pereenl;
€, 80 and 63 peceent; B, 70% and S50 pereents £, 70 and T4 pereent: #, 700 and
B pereeat; O, 207 pord SO pereenty £, 304 and 530 pereent (hest eowditivm;
wnrelinnse,
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conditions and for the early period of storage of those that deteriorated
rapidly. However, there is & tendency for a more vapid decrease in
germnination at the higher temperature during the late wecks of
storage. This is mest marked for onion, lettuce, and spinach, ull of

- which decreased in germination more rapidly than the other seeds.
From this it may be suggested that to compensate for an increase of
10° in the storage temperature the humidity should be reduced more
than 15 pereent,

It would be cxpected that the original vitality of the seed and the
presence or absence of contaminating micro:organisms would influence
the rate of deterioration at unfavorable storage conditions. Fungus
contamination was prevalent in the samples of corn, watermelon, and
celery used in thie present study; doubtless this is related to their great
loss of viability at high humidity at all temperatures,

After the period of exf)erimontal storage, portions of the samples
that had been held in cold storage for varving periods were retested,
all of one kind on the same day. In gencral, the rotested samples
nveraged slightly lower in germination than those tested nt successive
intervals immediately after removal from the original storage con-
ditions. A more detailed analysis of the results showed (hat if the
original storage conditions had not resulted in serious loss of viability,
there was_no significant difference in the two sets of germination
values. However, if the original storage conditions had resulted in
appreciable loss of viability aud the sample had been held in cold
storage for a month or more, germination in the retest was slightly but
significantly lower than that in the original test.

Because of this consistent difference in some of the samples, the
results of the retest were not combined with those of the original test.
The retests did serve, however, ns a gencral corroboration of the
original values. Inseveral instances the retest of lettuce gave markedly
higher values than the original test. These values have been sub-
stituted for those of the original test.

Becnuse ouly one sample of each kind of seed was used in the
present experiment, it is of interest to compare the results obtained
with-these reported by Boswell et al. (4). Onion, cahbage, carrot,
spinach, sweet corn, bean, and tomato were included in both the
present study and the previous one. Storage at 80° F. and 80 aud 65
percent humidities is somewhat comparable with storage at 80°
and 78 and 66 percent, humidities in the previous work.  The periods
of storage are not exactly comparable, however, because in this
study the seeds were removed from storage after 21, 42, 63, 84, and
105 days, respectively, rather than after 20, 40, 60, 80, and 110 days
as in the previous one.

The tomate seed did not decrease in germination sufficiently for a
comparison to be made. The cabbage seed was of about the same
original quality in both experiments, and its response to storage con-
ditions was practically the same. The two samples of swect corn
were also of comparable viahility ; their response at the higher humidity
was similar, although in the first experiment there was a greater
carly loss of viability; at the lower humidity the present sample did
not deerease in germination in 105 days, but the earlier one showed a
loss of 18 percent in 110 days. Spinach and onion seeds showed a
greater loss at the higher humidity in the first experiment; both kinds
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of seeds used in that experiment bad a Jower original germination,
The samples of carrot aud bean seeds had lower original germinations
in the present experiment, and both showed a somewhat greater
decrease in germination. The general response of these seven kinds
of seeds was similar in the two experimcents, slthough there is an
indication that seeds of high original viger do not decrease in germi-
pation so rapidly as those of lower originhal viger.

Rate oF CERMINATION

Kearns sl Toole (75 have pointed out for fesene seed that under
itdverse storage conditions vhe first visible result of loss of viability is
n stowinr of the geemination proeess. This retardation is more
apparent whien loss in viability is moderately rapid. A weakened
condition of a sample may often be detected by the rate of germination
before there 35 any loss of total germination of nocmid seedlings.
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This reduced vicor can he expected to be followed by a decrease in
germination,  For example, tomitlo seed showed no significant loss
in 36 weeks of storpge at 80° ¥, and 73 percent humidity when the
final readings were made, yet 45 percent of the germination occurred
between the fifth and fourteenth day (fig. 8), while the germination of
the seed stored at this same condition for only 3 weeks was practieally
completed on the fifth day. Tt has been peinted out that tomato 1s
the most tolerant of the sceds studicd to storage condition and that
enion 15 the most sensitive.  Figure 9 shows the vate of germination
of onion sced from a few of the storage conditions. It also shows a
toss of vigor that is accompanied more closely by a loss in tolal germi-
nation.  Watermelon and pea seeds showed n response similar {o
onion.  The pepper seetl was slow to germinate when tested before
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it was put in storage, and it continued to be stow throughout the ex-
periment (fig, 103, However, the sced ot 80° was slowoer to germi-
hate than that at 70°. Al the conditions are not given in ihe graph,
but for & given tempersture the rate of germination was much the
sitne for the three humidities.  The line for the preliminary counts
varies more than that for the final.  Small differences in moisture in
the germination substratum enn induee very marked differences in the
eite of germination that largely disappear in a few days.

100 T . - - - v i v ; q )
* '<5=<0\
= po|-
o]
&
ikl
& LY
g 60 [- <
- S g
a4 504 [Jf
% Ly
= .
w A0 -,
& ;
[
n 30}
a
L
w -
w2 N .
] 1 - ¥ H
1 3 O O ;’,/:
o 1 r ’ b-..___ 3 L ""‘,_",‘"'— L __8 1‘)
9 3 5 9 12 15 ] 24 24 27 30 33 EY:]
PERIOD IN STORAGE {WEEKS)
0 BO"F, BO PERGENT 0 B0"F, 6% PERGENT ¥ 70°F, 65 PERCENT
14 DAYS =m==x=5 DAYS

Fran ik - Rate of germination of pepper secd from different starnge conditions,
=hown by comparison of 1he permination in 6 days with the fina) gereination o
14 dnys




20} PECHINECAL BULLETIN 872, U. 8. DEPF. OF AGRICULTURE

A change of germination rate not dependent on change of vitality
was observed in germinating the stored seed of okra. A variable
yroportion of the seeds of okra, in common with these of other mem-
bers of the Malvaceae, have impermeable seed coats. Tt has been sus-
pected by the writers that in okra the preportion of such seeds varied
mversely with moisture content.  Apparently a humidity of approxi-
mately 30 percent was nob low cnough to bring about a marked
degree of impermeability, but the results of the germination tests
sugrest that decreasing air bumidity induced progressive changes in
the seed couts thal resuited in progressively slower water absorption
and slower vate of germination. The average germination of okra
seed in 4 days as compared with that in 14 duys for sced from several
storage vondilions is shown in table 6. The germination percentages
vere avieraged only for the peried during which there was no significant
loss of vinhility for ihe given condition. Although the germination
in 4 days was rather variable for any =iven condition, there was no
evidence of prorressive change in the rate of germination over the peri-
od of slorage considered.  The rate of gevmination secms to be direetly
proportioml Lo the moisture content of the seed.  This effect of humid-
iy during storage and of moisture content of seed on rate of germins-
tion was not observed on other kinds of seeds in this study.

Tanne G- Aoerage rale of germination of okra seed after storage under various

condilinng
e vt . L e e e o i I

Averpe P Avennpe | Averuge x{-_ijninatimt

Average feoperiinrge iy funndddity Lin Thsts matsieire
sturage 'L it avemped | CoRtent of -
Storue : syl diluys 1 duys
! Bercent Nigwher Percent  Percent FPereemt

[ 32,1 [ 10,4 ] 5 87,04
il b 12 i 85,6
s it L4
N e } R
S0 7 &
ALY - 00 . [ 3.7
T e ¥ 5

PaobucTioy oF AnxouMAL SEEDLINGS

Tt has been pointed oul by Edwards (5) that all seeds within the
population of a secd kind do not have the same temperature response.
Tt i demonstented heee that alt seeds of a population of one kind wre
not cqually affectod by adverse storage conditions.  Within & popula-
tion of a secd kind there are & few seeds that will produce normal sced-
lines after stornge for a long time under adverse conditions; some will
be completely killed after a short period of storage; and others will
produce secdiings having seme one Lissue or organ, as the reot 1ip or
the stem growing point, dead before the denth of other purts of the
seedling.  Such local deterioration may result in a weakened seedling
eapable of recovery or in a seedling Lhat is incapable of Further develop-
ment avl of no value in erop production.  Injured scedlings present
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it serious problem in the evaluation of the results of a germination test,
since often there is no sharp line of distinclion beiwern weakened
secillings capable of recovery and those not capable of producing a
useful plant.  Also, there is a great variation in (Iill’erenb species in the
proportion of abnorinal growths encountered.

During storage comparatively little change oceurred in the number
of abnormal seedlings produced by earrot, celery, and pepper seeds.
The percentage of abnormal sprouvts was less than 5 percent in the
original Lests for these three Ikimls of sceds. During the 36-week
period the pereentage of abnormal sprotts never exeseded 3 percent
i currol aned pepper and 10 percent in celery,  Most seeds of these
Lthree vegelables were oither killed outright or produced normal seed-
lings.  Cabbage, cucumber, rarden pea, watermelon, and okea seeds,
however, produced rather high percentages of abnormal sprouts.
Seeds of spinach, onion, lettuco, and tumnip produced higher per-
centnges of nbnormal sprouts than the other kinuls tested.  Lettuce
probably presents the most difficult interpretation problem, Lack of
vigor in leltuee seed shows up in the innbility to shed the seed cont
and in the oceurrence of spotted colyledons. ™ Also, although lettuee
seeds may produce all the essentinl organs, they are subjeet to some
physiological break-lown indicated by glassy, watery sprouts.  Diffi-
cull inferpretation prablems are also presented by turnip and eabbage
sels, heenuse of the presence of such sprouts. The most common
ubnormality in onion, cucumber, watermwlon, and okea is the luck of
rool development.  In spinach the abnormalities usually consist of a
likck of o root or a shoot,

Stored spinach seed produced many types of abnormal scedlings
encountered in comanercial samples.  When tested before stornge or
after slorage nt conditions that did not injure viability, the sample of
spinuch secds used produced only about 2 percent of abnormal seed-
Imgs.  Tigure 11 shows for different stornge vonditions the pereentage
of normnl seedlings (those helicved t'upnhrv of vontinued development
and conmted as germinated) and abnormal seedlings (those believed
nol capible of development into plants and not included in the
vermimition pereentage! produced by spinach, lettuee, and onion.  For
spinneh thig, 11) at the three humidity conditions ut 80° ¥., where
deferiorntion was compuratively rapid, there was a gradual inerense
in the pereentage of abnormal seedlings until 35 percent or more were
present, and then there was o deeline as the sample approached ah-
solute oss of life. AL 50° and 50 percent humidity, however, (here
was no appreciable change in the pereentaees of normal or abnormal
seedlings during the 36 weeks ol stornge.  Ouion and lettuce nlso show
thal as the pereentage of normal seedlings decreases the pereentnge of
abnormal sprouts increases, so that when the results aee ploited (fig.
11} the curves cross.  These results etephasize that if storage studies
iwre to indicate the deeline in the usefnl value of the seed. care must
be exervised 1o make sure that seedbings are not counted and re-
moved before they hive developed to aneextent that will definitely
show their possibilities of future growtl.
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Fiaune 11—~ Comparisow of the inerease in percentage of abnormal seedlings of
letLuee, onion, and spinsch with 1he deerease in perceninge of normal St‘l:‘.(l.hl.lg:'i
ab suecessive tests during storage at different temperstures wid sir huwsidities.
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COMPARISON OF SEALED AND OPEN STORACE

A totnl of 98 compnarisons was made of the germination of seeds
from senled and open stornge. The number of comparisons varied
from O for sweet corn Lo 1} caeh for celery and onion.  Apparently the
seeds dried somewhnt in the process of sealing, since in all but 6 of
Lhe comparisens the moisture content of the sceds when the vials
were opened was lower than it was before they were sealed, Tor 73
of the 98 comparisons the moisture conteut of the sceds when removed
from the sealed vinls was slighily lower than that of the seeds in open
stornge from the sixth woek until the time of comparison, For 80
of the 98 comparisons the germination was higher for seeds from sealed
storsge than for those from open stornge: 36 of the 80 comparisons
showed a difference of more than 10 percent.  Part of Lhis apparcut
superiority of sealed over open stornge was probably due to the
genernlty slightly lower moisture content of the soaled sceds. At the
samna time these was o tendeney for higher germingtion of the sended
seeds thal ean haedly be neevunted for on the basis of moisture con-
teat alone. Lt seesss possible that the reduced oxygen supply rosulting
from sealing contributed to seed longevity.,  Certainly there is no
evidence that sealing seeds with mnisture contents of the range shown
in these studies ennsed them to deteriorte any faster than secds of
eeqund moisture conlents exposed to open air.  Seeds that have been
senled with a high motsture content would not keep as well as il lefy
in open nir at a low hwnidity, where they could dev out.

SCMMARY AXND CONCLUSIONS

Fifteen kinds of vegetable seeds- -hean, cabbage, careot, eelery,
swpet corn, cueumber, letluee, okra, onion, pea, pepper, spinach,
tomato, turnip, and watermelon- were stored in small containers at
approximadely the following conditions: 65, 73, and 80 percent humid-
ities, each #t 70° and 80° 1., and st 50 and 80 percent humidities,
eneh at 50°  Natural, or warehouse, storage was also provided,
Seed mowsture and germination were determined ut 3-week intervals
[or a periged of 36 weeks.

The mean moisture content of the seeds varied divcetly with air
homidity, but it was influenced only slightly by temperature of
stornge. Both the equilibriwn moisture content at a given bumidity
and the rate of chunge of moisture with change of humidity were
dilferent for the different Kinds of seeds,

None of the kinds of seeds had deereased significantly in germina-
tion at 30° F, and 30 percent humidity by the end of 36 weeks, Al
kinds of secds showed some loss of viability and searly all kinds com-
plete loss at 80° and 80 percent humidity by the end of the experiment,

Of the 15 kinds of seeds, tosnnate was the most resistant to unfuvor-
able storage conditions and onton was the mest sensitive,

The varions kinds of seeds showed a different velutive vesponse to
the several stornge eondilions, 20 that it is not possible to rate Lhem
definilely in the order of susceptibility to deteriorntion in storage.
The eesults of this experiment are in good agreement with those pre-
viously reporied by Boswell el al, (43 for the kinds of seeds and con-
ditions that are meluded in both experinents,
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Many kinds of seeds showed a decrease in rate of germination before
there was o definite loss of vinbility, With the samples of spinach,
onion, lettuce, and turnip seeds used in this exporiment n marked
increase of abnormal seedlings not counted as gérminated was ob-
served in testing samples stored at unfavorahle econditions.  This was
due to the deatli or weakening of some essential part of the embryo
before all Lissues were dead.

Seeds senled at various meisture conients in glass vials generally
vetained their viability as well as, or better than, sceds at similar
moisture contents that were exposed to the open air.
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