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INTRODUCTION

Tt is common knowledge that most vegetable and many other farn:-
crop seeds rapidly decrease in viability when stored at high tempera-
tures and high humidities. Rapid deterioration is an especially serious
problem in warm coastal regions or on islands. In such a warm,
humid region as the Gulf States the percentage of germination and
vitality of certain seeds may decrease to a serious degree during the
period between shipment of the fresh seed to the local dealer by the
producer and the time of sowing by the farmer. This is especially
true in the instances of large quantities delivered to & local dealer or
a large planter at one time but intended for sowing ov.1 a period of
weeks. Sometimes reduction in acreage or inability to plant all seed

1 Submitted for publication May 16, 1939,

» The anthors gratefully acknowledpe the valuable assistance glven doring the course of these Investiga-
tions by Allan R. Eberle, David L. Steddard, and Robert Shesteck, scientific aides, who assisted with the
laboratory and statistical work, and by Edgar Brown, head of the former Division of Seed Envestigations,

snd W. A. Davidson, head of the enforcement of the Federal Seed Act, who gencvously made availablaa
Inrgashare of the Iaboratory germination facilities renuired,
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intended for one crop season results in surpluses that will be of little
if any value if held in common storage until the next Crop Seaso.

There is an increasing appreciation of the losses that IN&y oceur
during storage of vegetable seeds, and the use of cold storage is receiv-
ing consideration; but there is & lack of knowledge, among those most
concerned, of the general principles involved In safe seed storage.
Although there have bern many experiments to show the longevity of
different seeds, comparatively Tew have shown the rate of deteriora-
tion at known temperatures and humidities. However, Duvel (8)3
Heinrich (9}, Beattie and Boswell (), Kearns and Toole (12}, and Bar-
ton {2) have shown a close relationship between moisture content of
seed and temperature of storage as factors in the deterioration of
seeds. In general, if either humuidity or temperature is high, the other
must necessarily be low for safe storage of seeds. The comparative
behavior of difterent species at a given storage condition has not been
satisfactorily determined.

The work mentioned above has demonstrated the great importance
of moisture content of seeds on retention of visbility. Coleman snd
Fellows (6} and Humphries and Hurst (/1) have studied the equilib-
rium moistice content of various seeds at measured atmospheric
humidities, but further information, especially on other species, is
needed as a guide to safe practices in handling seeds. How long is
required for & given species of seed to absorh u harmful quantity of
water nf a stated humidity and temperature? And how long can the
seed tolerate such a moisture content and temperature before definitely
measurable harmf{ul results become evident? Although seed has been
unavoidably exposed for a short time to conditions resulting in a
harm{ul moisture content, can that water be driven off safely and
quickly at hugh temperature, rreventing subsequent d amage?

These questions are of sor.e interest in regard to the maintenance of
proper long-time storage conditions. but are of chief importance in
connection with transpcrtation—especially by water—and shore
time storage incidental t) merchandising operations and to holding
seed on the farm. Suppose seed is shipped by boat to some point in
the bumid Tropies and develops an excessive moisture content before
it can be delivered to the consignee, who will retail it or store part of
it over a period of a few weeks before it is all planted. In the absence
of cold storage, whart can be done to prolong the vitality of such seed?

The present studies were undertaken to obtain accurate measures
of the effects of factors already known to be important, singly and
by interaction with one another.

The literature on longevity of seeds and the effect of storage condi-
tions hins been reviewed recently by Crocker (7} and so will not be
extensively reviewed here. In the Discussion {p. 42}, however, the
results of a number of other investigators will be considered as they
may be closely related to the present study.

The stornge und dehydration work was done at the cold-storage
laboratory of the Division of Fruit and Vegetable Crrops and Diseases
at the Arlington Experiment Farm, Arlington, Va.; the wark on
germination of seeds in soil was done at the Arlington Experiment
Farm; the work on germination of the small seeds was done in Wash-
ington, D. C., and at the United States Horticultural Station,
Beltsville, M,

3 Italic numbers in pareatheses refor to Literature Ched, p. 48.
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MATERIALS AND METHODS

SEEDS

Seeds of the 1937 crop of Henderson bush lima bean, Bountiful
bush snap bean, Narrow Grain Evergreen sweet corn, Detroit Dark
Red beet, Al-Seasons cabbage, Chantenay carrot, Yellow Bermuda
onion, Long Standing Bloomsdale spinach, and Bonny Best tomato
were obtained from reliable commercial sources. Spanish 18-38 pea-
nut was obtained from an experimental stock of the Division of Fruit
and Vegetable Crops and Diseases, Immediately upon delivery the
seeds were placed m cold storage at 40° F. and a relative humidity
of 40 to 50 percent. Seeds of the different crops were received
over a period of 2 weeks before all were on hand. They remained in
storage a few more days before zll equipment and materinl were in
readiness for setting up the experimental conditions.

The peanuts were hand-shelled and hand-picked to avoid damage to
the seeds.

Samples for moisture content and germination determinations were
drawn on June 23, 1938, the day the seeds were placed under experi-
mental conditions, and the germination tests were started on June 27.

STORAGE CHAMBERS

Seven storage conditions were provided for each of the 10 kinds of
seed. Six of the storage compartments consisted of closed sheet-
iron chambers, approximately 3 by 34 by 3} feet, each equipped with
s fan to maintain a gentle air movement throughout the chamber,
Three of the chambers were located in each of fwo insulated rooms
maintained close to 30° and 80° F. respectively by brine refrigeration
coils, circulation fans, and thermostatically controlled electric strip
heaters. The seventh storage chamber consisted of a cage 3 by 3%
by 3% feet, cuvered with 290-mesh copper screen to exclude insects
and rodents, and was located in a small frame warehouse without
temperature or humidity control.

At each controlled temperature, one chamber was maintained at
spproximately 80-percent relntive humidity, one at 65, and one at
40 to 50. Humidity was controlled by placing sufficient anhydrous
caleium ehloride with or without water in each chamber to maintain
the required difference between wet- and dry-bulb thermometer read-
ings. The thermometers inside the chambers were read twice daily
through small glass windows, without opening the chambers. The
desired relative humidity generally was maintained within 43 percent.
The chambers were opened only very briefly and at intervals of several
days for the removal of samples or for adjusting the supply of ealcium
chloride and of water.

PREPARATION OF SEED LOTS

}.a setting up the svudy two series of seed lots or samples of each
species were prepared aud all lots of a series ploced under the experi-
mental conditions within an hour’s time. Every sample to be drawn
from the chambers over the entire study was accurately weighed and
put in a separa’e container before being placed in the chamber. This
was done in order to avold, insofar as possible, the difficulties that
would certainly be encountered in atiempting to draw dependable
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small samples from large packages of seeds. No seed was disturbed
in any way from the time of placement in the chamber until it was
withdrawn for study. Every container of a given species was identical
in size, exposure, and contents in all experimental conditions.

The first series of samples, hereinafter called the small samples,
were accurately weighed info small, shallow, round metal boxes,
known in the irade as ointment boxes. The diameter of container
and nominal weight of seed for each species were as follows:

Lima and kiduey beans, 3-inch box, 100 gm.

Sweet corn, 3-inch box, 75 gm.

Peanut, 3-inch box, 80 gm.

Beet and tomato, 2%-inch box, 10 gm.

Cabhage, carrot, onion, and spinach, 1%-inch box, 10 gm.

The 75- to 100-gm. samples were weighed to the nearest 5 mg.on a
high-grade torsion balance, and the 10-gm. samples to the nearest 0.5
mg. on an analytical balance.

The boxes of seeds were uniformly spaced on wooden strips and feft
open to the air in the chambers. They were secured agninst spilling
by setting the boxes into the inverted lids, which were tacked to the
wooden strip. Eleven strins, each carrying one box of each of the
10 species, were placed on rabbeted guide strips in each chamber, with
free air circulation around each of them.

The second series of samples consisted of much larger quantities of
accurately weighed seed in muslin bags in duplicate, placed upon a
four-mesh screen sheli below the small samples, in each chamber.
The weight of seed of each species to the nearest 0.1 gm. in each bag
B EN

Lima bean, kidney bean, sweet corn, 2,000 gm.

Peanut, 1,200 gm.

Carrot, 1,000 gm.

Beet, onion, spinach, 750 gm.

Cabbage, 700 gm.
Tomato, 400 gm.

The large number of small samples described was designed to permit
withdrawal of samples at 10-day intervals for determination of abso-
lute weight, moisture percentage, and germination percentage. The
large samples in bags were provided for studies of rapid dehydration,
if and when dangerously high moisture contents were developed.

ROUTINE FOR SMALL SAMPLESR

Beginning July 5 and at 10-day intervals thereafter except ns noted,
a series of 11 samples, each sampling including all species, was drawn
from each of the 7 treatments. The boxes were closed at once upon
removal from the chambers. The low-temperature samples were
placed in a tightly covered vessel before removal to room temperature
and were set aside to be handled last during the day’s work, to permit
them to attain room temperature before exposure to air with a dew
point above the temperature of the seeds and containers,

Upon opening each box the contents were promptly weighed in a
tared vessel to the same degree of accuracy above mentioned. The
sample was mixed and a portion accurately weighed into a shallow-
form glass-stoppered weighing bottle of about 10 gm. for beans, sweet
corn, and peanuts, and 2 gm. {or the other seeds. ~ Sufficient seed was
then removed from each sample for duplicate germination tests of 100
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seeds sach of beans, sweet corn, peanuts, spinach, and beets, and for
quadruplicate 100-seed tests of the remaining four species. The
residue of the lot removed from the chamber was then weighed to the
nearest 0.5 mg., returned to its box, and closed for storage at 32° F.
and later observations.

The samples for moisture were dried in a large foreed-eirculation
electric drying oven at 100°£0.5° C. for 24 hours, stoppered, cooled
over caleium chloride, and weighed.

The portions drawn for germination tests were placed under ger-
mington conditions on the day following removal from the chambers.
The above routine was adhered to rigidly throughout the study, so the
results ave on & comparable basis.

GERMINATION TESTS
IN GREENEHOUSE

Seeds of lima bean, kidney bean, sweet corn, and peanut were
gorminated in sterilized scil in a greenhouse that was shaded with
whitewash strips on the roof from July until October. The seeds
were sown in fints approximately 12 by 16 by 2} inches, containing 2
inches of friable sandy loam greenhouse soil, and were coverd with
one-iourth inch of clean sand. Soil and sand had been sterilized at
70° to 75° C. to kill weed seeds and most fungi. Before covering,
the seeds were lightly pressed into the moist soil surface incidental
to counting and placing with & vacuum seed counter as described
by Brown, Toole, and Goss (). Tests of 100 seeds per flat were
in duplicate unless otherwise stated.

Germination counts were made after 1 to 2 weeks, depending upon
the species and the weather. Generally three classifications of seed-
lings were attempted, namely, (1) normal, (2) mechanicelly injured
or obviously genetically abnormal seedlings, (3) other weak seedlings
of doubtful field-survival value. In this study the percentages of
normal and of weak but mechanically uninjured seedlings are of most
interest, since the mechanieal injuries—such as “snakehead” or broken
plumules in beans—and genetic abnormalities remained nearly a
constant percentage of the total number germinating, throughout the
study.

IN LABORATORY

The beet, cabbage, carrot, onion, spinach, and tomato seeds were
germinated between blotting paper pads, generally in quadruplicate
100-seed tests in accordance with the best laboratory procedure
developed by seed analysts, and as recommended by the Association
of Official Seed Analysts of North America (I, table 3). In the labora-
tory wermination tests, only those seeds were considered as germinated
which produced normal seedlings capable of continued development
under favorsble conditions. A record was made of the abnormal
growths not considered as germinated.

DRYING EQUIPMENT

At intervals, some time after the seeds in bags in certain chambers
had developed what would appear to be a dangerously high moisture
content, one bag of each species was taken from & specific chamber for
quick dehydration to a safe moisture content.
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Drying was effected in two identically built “tunnels,” 2 by 2 by 10
feet inside, made of wood and insulating board. The top was hinged
to be opened for easily placing in or removing seed at any time at
any position in the compartment. A common 1&-inch office-type
electric fan forced air into each tunnel through & cylinder of galvanized
sheet iron 14 inches in diamster and 2 fect long, containing well-
distributed coils of No. 19 nichrome heater wire. The outlet end of the
tunne! was equipped with a sliding panel of insulating board that
could be wedged in any position, varying the size of the outlet to
control rate of air flow.

The heater for the tunnel to be run at “high’ temperature consumed
about 5,500 watts and the other about 4,500 watts of electric current,
The outlet air temperature of the “high’ tunnel was generally about
£3.5° C. (148° F.) and of the “low’ tunnel 48.5° C. (119° F.). The
higher temperature could be maintained only by nearly closing the
outlet of the tunnel, reducing the air flow to but 40 cubic feet per
minute. This amounted to a complete change of air in the tunnel
each minute. The low-temperature tunnel carried 275 cubic feet
per minute, or an air change approximately every9seconds. The rate
of air movement at the surface of the seeds spread on trays in the
tunnel was, of course, higher than indicated by the total air movement
through the system, but was not measured.

The air-How defermingtions were made by W. P, Green and C. J.
Thompson by means of a thermocouple anemometer designed in this
Department by Hukill (10).

Within each tunnel two tiers of five trays each, one above the other
approximately 10 and 18 inches above the floor, rested upon rabbeted
gulde strips attached to the vertical walls. The trays were approxi-
mately 1S by 24 by 1% inches, with rims of weod and bottoms of 20-
mesh copper screen. The air stream from the heater was directed
slightly upward against the nearest trays, which were about 3 feet
from the heater.

The temperature generally shown by a thermometer lying on the
surface of the seed in the trays was 37° to 60° C. when the outlet air
was 63.53°. The evaporation of moisture from the seed surface pro-
duced a marked cooling effect, but this diminished s the seed ap-
proached dryness. Temperatures of the seed interiors were not de-
termined.

DRYING ROUTINE

Data from the small samples in the metal boxes served as a rough
indication of the probable moisture content of the corresponding large
samples in bags, and it was assumed that the Iatter would be slower
in reaching a certain moisture level than were the small, fully exposed
lots. The time of sampling was, therefors, largely arbitrary.

One bag of each species from & single humidity chamber, 10 in all,
was guickly removed, and the entire contents of the bag were quickly
weighed to the nearest 0.1 gm. Quantitative precautions were ob-
served, and handling was as rapid as possible, to guard against error
from loss of moisture from the seed. The seed was thoroughly mixed,
and samptles were drawn {or moisture determination and duplicate
lots for germination tests. The remaining seed of each bag was then
divided nto two approximately equal portions weighed to the nenrest
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0.1 gm., and each portion was spread on a tray for the drier, one to
be dried at “low’ and the other at “high’ tempernture.

From the gain in weight of the seed while in the chamber, and the
weight of seed placed on each tray in each drier, quick caleulation was
made to determine approximately the weight to be attained by the
lots in the drier upon the loss of the undesirable inerement of moisture.
The seed was removed at intervals and weighed to determine the
progress of drying.

Upon terminatlon of drying, the seed was weighed, samples were
taken for moisture determinstion, and duplicate lots were withdrawn
for quadruplicate germination test. The remaining seed from each
tray was then weighed, pinced in o muslin bag, lﬂ.beﬁed, and returned
to the humidity chamber from which it had been taken earlier in the
day.

%rn preceding paragraphs reference was made to drawing duplicate
samples for quadruplicate germinatior; tests. One each of these was
for germination at once, the other for storing at 32° IV, for later obser-
vation. Those to be stored ab 3%° were accurately weighed before
being placed in storage.

TREATMENT OF DATA

Moisture content is expressed as percentage of fresh weight at the
time of sampling.

Germination figures summarized in various tables are in all cases
mean values, usually based on two to eight replications. Values for
error and tests of significance of differences have been calculated by

the analysis of variance method as adapted by Snedecor (/3).
ENVIRONMENTAL AND PHYSICAL DATA ON SEEDS
EXPERIMENTAL CONDITIONS

Before presenting the data on effects of the experimental conditions
upon moisture content and viability of seed, the accuracy of the
control of the conditions should be critically examined. The extent
to which it is possible to evaluate the results supposedly due to temn-
pernture, to humidity, and o interactions between them depends on
how successfully the comparable temperatures and humidities were
established and maintained.

Special consideration will be devoted to the three humidity chambers
at each of the two controlled temiperatures in efforts to evaluate the
interaction of temperature and humidity o relation to seed-moisture
content andl viabiiity. The results from the warehouse storage are
important and will be described later but are not adapted to the study
of interaction effects.

Figure 1 shows satisfactory temperature control but rather dis-
cournging differences and fluctuations in humidities intended to be
maintained at uniform comparable levels. Tables 1 and 2 show the
10-day mean temperatures and humidities, respectively, for the sev-
eral stornge conditions. The importance of the divergencies of tem-
perature and humidity from the intended levels is emphasized in table
3, which shows the analysis of variance of the data for the three humidi-
ties and two controlled temperatures in tables 1 and 2.
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Ficore L.—Two-day moving average temperatures and humidities in the follow-
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80°; C, low humidity, 80°; £, high humidity, 50°; E, medium bumidity, 50°;
F, low humidity, 50°; G, warehouse.
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TapLs 1.-—Means of temperature for sitccessive [0-day intervals for 7 slorage
condilions

Mean tempueratur for storage comndlition showsn

Temperature 30° F. Temporatore &0° F.
Days .
) i . . ) Ware- Mean
Humid- | Tfumid- | flumid- | Humid- § Humid. | Humid- ; heuse nie
ity 75 ity BGi ity H ity §1 ity 66 ity 5l
percent | pereent | pervent | pertent poercent | percent
HE “F, ° R, °F. °F, °F, °F. e R,
b 79,8 £0.5 50. 5 56,2 50.8 6.0 .7
0.8 9.6 40. 8 50.3 5.5 5.7 B5. 2 6.1
80.9 7.8 B0.3 5.8 51.§6 52.0 5.4 63,5
81.0 0.t 80. 6 0.9 3.6 5.9 84. 3 68,3
80. 6 80.3 80.8 51,1 5.6 511 BL9 88,4
0.0 &).0 80. 7 50.6 50. 4 50. 5 83.4 43,2
0.8 .5 50.3 0.3 502 50. 4 &2.9 7.5
T8 M2 80,3 50.9 &0. 8 51.9 .8 a6, 7
78.Q 7.2 i 0.9 50.6 50. 6 70,3 657
0.2 .6 809 5.2 5).8 50.9 6.0 65 5
0.5 8.8 80. 4 50.7 40.9 50.0 4.3 62,3
7.9 0.7 80. 8 w8 &0 6 5.0 79.01 a7, 4

I Means for firsl, 110 days only.

TagLe 2.—Means of relative humidities for successive 10-day inlervals for 7
storage conditions

| J—
. Afean humidity for storage condition shuwn

| M wonhewn

Storage period md- | Temperaure 5° F. Temperature 50° F. | |
ing {days) | g Ware- X
1 Humid- | Huwid- | Humid- | Humid- | Bumid- | Humig- | house 2
bty 78 ity 66 ity H ity 81 ity 68 fty 51 -
; percent | percent | percent | percent i percent percent ‘{
]
. Percent | Percent | Percent | Percent | Percenl | Percent | Pereeat | Percent

52, 68, 4 50.0 LB 9,5 52 2 64,2 66.4

8.3 B6. 6 46. 1 8L 0 7 3l.0 628 65.5

75,4 858 433 'S 65, 4 §l.4 3.4 684.8

3 6. 8 4.3 81. 4 M2 =12 o 65.5

4 65.9 5.0 80. 8 65.2 &5 Ta. 1 5.8

2 4.0 L6 ™4 56.0 49,2 3.4 646

.2 ar. i .3 80. 4 G6.4 8.8 66, 3 54,2

LT av. o 0.9 0.9 B 6 51.0 2.5 LS

L0 0.3 H.13 En.2 67,0 5.0 RLT i7.8

L2 60.3 40.1 m35 66. 6 3. 8 780 65,1

L2 66.3 N 80. 4 67,0 0.8 32 65.3

Aean!t .ol XL 66.4 -l-i,Ii 30.8 66.0 al. 3 72.05 63, 5
] 1 i

1 Afeans for the first 110 daxs only.

TarLeE 3.— Analysis of variance of dala on means of temperalures and humidities
enfering into lables 1 and 2¢

- T T
- Variance for- { ! De- Voriance for—
wTees - i l grees | .
Source ol variation  of free-, H i Sonrce of variation ! of free- M
dom | Tempem-* Humndd- i« 1+ dom TumpemllHumld-
i tre ! ity . ! ture ity
- i - i :
, N Y ! i ‘ v o, W
Total......._..! a8, mB.06ti 178.957 { Dates X tempermture.} &1 0.380 |
: - } 1' Terupermture X hu- ! 2 , 58 76, 592
Betwaen lainperature.. 1 112,548,067 | 16i.373 | Frel T2 15 R, i
‘Between humidity....: 2 1. 623 eﬁ, 120, 415 |! Dates ¥ humidity_._.i 18 Lo 4303
Betweon dates. ... . 9 i 4] ! 9. 635 i Rempinder {error)..... 18 ! J115 3.4

1 RBased on dats for ATst 110 days only. Dsata for warehouse omitted.
159701 —3p—2
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In table 3 it will be noted that diserepancy in temperature control
was very small indeed, except between humidities. This diserepancy
oceurred almost entirely in the low-humidity chamber at 80° F. and
was a result of inadequate air cireulation in the room. It did not
occur in the 50° room, where all chambers were on the same level.

Variances for humidity show lnrge and highly significant differences
between chambers af different temperatures that were intended to be
maintained at equal relative humidities. This unfortunate laclk of
adequate control of the two “highs” and two “lows” prevents the most
aceurate evaluation of temperature effects upon viability for either
humidity, but on the other hand gives a great deal of information on
seed moisture in response to air humidity. Only the medium-humid-
ity chamhers were maintained at nearly equal levels. The standard
errors for temperature and humidity control, basad on interaction
variance for temperature X humidity, were +0.76° T. and +8.8
percent relative humidity, respectively. In making ecomparisons of
responses between temperatures, the possible influence of humidity
differences must be kept in mind.

EFFECTS OF S8TORAGE CONDITIONS ON SEED MOIRTURE

The first noticeable response of the seeds to a change or difference
in storage condition is in their moisture content. Table 4 shows that
under the condifions of these studies the changes in moisture content
of seeds at 80° F. quickly reflect changes in humidity of their environ-
ment, even small fluctuation in 10-day means being reflected in per-

TaBLE 4—Moisture conlenl of seeds al high and low humidity at 80° F,
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centage moisture of the seed. At 50° (table 5) humidity was more
nearly constant than at 80°, so less fluctuation in moisture content of
seeds occurred.

TasLe 3.— Moisture conlent of seeds at high and low huwmidity at 50° F.,
AT BIOH HUMIDITY

Thuoe fn § gl Moisture it percentape of fresh welght of seet: of—
NIICLS L e PR i s+ o o+ e L e e s e
“(‘g'f,::‘é'f 'I:i:';f:::! Lims Nkiuey Sweel Cul- !
; ity pean : hean s Peanut - Beet h;;,; Carrot  Onion ;g;“ n:[::;)

e — | s e e e e R

Prrcent |Pereent Percent Percent  Pereent - Percent - Percent + Percent  Percent { Percent - Pereent
L1 T IR P iy, 1L6s 13 LA T [ I 16 oLl 18 1t.4 0.2
L1} R SLB 12,2 ¢ A P S LY .7 T M 12,1
. .0 4.3 8.5 - S0 1.7 HLE 188 - e 14,8, nn
a0 T 13.§ Mwy oL W3 1 9 4.6 5.6, 131
40 . - 8L 4 143 14.2 59 16.5 1.4 s 4T 15,6 13,7
i I 0.8 M7 WoFfeaam.. 158 9.9 5 - 130 1.4 - iL7
80, .. 6 4.3 L] 7.9 4.6 H 18 | i34 146 2.1
0. 804 15. 2 3.8 m—— 15.0 6. 4 133 Mo i3, 124
S0, Se. 4 13.6 3.8 8.3 148 4 13,3 13,3 i5.8 143
W, 50,2 6.1 13.6 Ces 4.1 .o iz 5 i3. 5 1.0 26
116, . ] 158 137 3.1 14.8 0.6 16 e 5.1 ¢ 12.1

Mean i, L [E91] . 13.% | 5.3 | 5.0 | LR 3.0 148 15.0 i 122
AT LOW HUMIDI'TY

) . ) : : o ! i
10 Goszee o ws 6w 8.8 0.5} 80, 00: 68 £3
L I S I 110 i, 1 9.0°" 8.6 701 887 IS8 54
0. 1R | wa: Wl 94| 9.0 A&7 80 9.2 W8 8.6
46 i 8L2 wE il &9 3.8 5 f 7.9 #l: 108 25
s0... . 4 L& D&Y R8T QT 88 64 78t %o, I0 %3
G0 ] 49.2 0.3 ¢ 9.1 9.3 87 6.5 rN g1, 107 8.3
W, . 9.6 a1 .. ... B.Si . 80 0.8 3.0 02, W03 8.8
B3, .0 14 8.6, 0.1 571 4.5 I8 8.0, 0.7 . 8.3
%0 . sl wWEp 2T 9.6 1 88| 65| 8| 9i; b 8.4
3111 BRI T | - 9.7 B 8.7 ¢ 8.5 .9 R.{ 3 8.4

faem ' i . 1 - [— —

Mean § ML.5. 106 88 98f 56° R&$' mi] el 00! 84
i . i . N A ' i

1 Exeliding initind medstizre conbent of zeed,

Table 5 shows that in & cool atmosphere (50° F.) at 80 percent
humidity the moisture of most of the seeds had practically reached
equilibrivm in 10 to 20 days. Data in table 4 suggests that at 80°
the incresse in moisture content is more rapid than at 50°, but the
hieh homidities at the two temperatures were nearly comparable for
only the first 20 days, then at high temperafure was sharply dro ped.}

The menn moisture contents of the seeds at four storage conditions
ab 10-day intervals are shown in tables 4 and 5, while the means for
the entire period for all eonditions are shown in table 6. These
figures indicate the relative moisture-absorbing capacity of different
seeds at high humidities and the moisture-retaining capacity at low
humidities. Bean, beet, and spinnch are outstanding for the high
moisturas (14 to 15 percent) that they developed at high humidities,
while onion, carrot, and sweet corn abserbed nearly as much {around
13 percent); cabbage reached 104 percent, and tomato 11 to 12.
Peanut absorbed very little water indeed, but, as will be shown later,
was seriously damaged by that little. Analysis of variance of these
data is shown in table 7.

t At this point o superficinl mell appeared on sweet coro, boet, corrot, onioe, rnd spitneh. No molding
ocourrid on seeds in bogs,  ‘Uhe humidity was dropped to aveld further mold development, and it fol)
lpwer tinn was intended.
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TABLE §.-—Moisture conient of seeds held for 10 to 261 days under different storage
conditions

[Espressed us inean percoutage of molsturo enfontated on fresh-welght basis|

| Mean wioksture content of seads stored under condltions shown

Towperature 3° F, |

|
Temnperature 89° F. ¢

Hunnld-| Husabd-| Hnnid- (Fumld-| Humid-|[Bumbd-
Hy 78 1 ity 68 § Uy 44 | Ity 81 | ity 66 | ity 51
percent| percent| percent, pereent; percent| percent|

FPercenl | Percent | Percent | Percent | Percent | Percent Pereent
Lima hean T 1.3 8.0 14,8 123 iR 124 2 il. ¥
Kidney Lean R 5 1, 15,3 11,9 iL0 . 1L%
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1 Motsture content of sced st the beginning of the experiment,

TaBLe 7.—Analysis of variance of atmospheric humidity and of moisture content
of 10 vegelable seeds siored at 3 huwmidity levels at 2 temperatures

‘l De- '. Varianee for nir bumidity and molsture content of seod ¢
Fource of variation | of ! | : '

(ree- :Humid-r Limal| Kidney, Swoct | Pea-
doml- Ity tbetm besr ¢ corn | Aup

i . H
F Cab- Car-, On- ? Spin-

Bcﬁ:!bm ot . ion i ach

I — [ P,

1 v 1
TFotal oo omen 591[ 179,341 6. 12 o.na| -L&G' 252 w0 3.8 595 67 5.00

DBetwoon storage H , i
perisds ) Q.B-il .27 . . L85 LT L4 eeE L4 .36

Hotween
1 161, 38| 4.9 . 4 333 807 3.60 W.46] L0 21.79
2(5, 020. 423147, 33]1, (46, Ni5-8 28081256, 25) 7. TR{175. 508136, 2] 128 04
Remsinder (error). .. 17 680 1 25 . .4 B I B S 1 Y| - v

i

! In 1o case is varisnce betwesn dates significant, whils jn every case variance between tamperatire und
between humidities is highiy signiftcant,

The relative resistance to water loss at low humidity will not be
discussed in detail here because the humidities in question, 45 to 50
percent, were not excessive and showed no evident damage in any
case,

The one comparison for the whole storage period that can indicate
directly an interaction of temperature wit%: humidity upon moisture
content is that between the two medium humidities which show
nearly identical means. It is notable that for every kind of seed at
medium humidity, those at the higher temperature showed a slightly
lower mean moisture content. This may appear in conflict with the
fact pointed out above with reference o higher moisture content of
seads at 80° F. than at 50° at 80+ percent humidity. It should be
recalled, however, that the former case involves but 20 days athigh
humidity, while the latter involves 110 days at a much lower level.

At a given relative humidity the seeds develop a slightly higher
moisture content at 50° than at 80° F.
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1t is recognized that equal relutive humidities at 50° and 80° T.
mean vastly different absolute moisture conditions in the air. How-
ever, differences in vapor pressure, weight of water in the alr, and
vapor deficits afford no adequate explanation for differences in mois-
ture content of seeds developed at different femperatures.

It is obvious from a glance at table 8, containing additional date
on air conditions, and from consideration of the data in table 6, that
relative humidity is much the best criterion of atmespheric moisture
in estimating or judging how much increase there will be In the
moisture content of seeds of known relative absorbing power. There
are no evident interrelationships of physical characteristics of the air
shown in table 8 that will aid in explaining the interaction of humidity
and temperature upon seed-moisture content.

PARLE B.—Physical data on the prevailing atmospheric conditions in seven slorage
chambers

1
Conditlons prevailing for chemburs indienled

Temperatare $0° V. Tom: petalizrg 50° ¥,

Condlition and ynit of messure

Fu- | My | Hu | He | oe | opy | Ve
ity | midity | mldity | midity | midity | midity s
78 )] +H B i) Al

pereent| perecnt] pereent| peroent| pereent; percant|

Temperatilt - oo wmmrmaroomoee - -0 Fall} 7RO .7 8.8 5. 8 Be .0 .0
Relative humidlty. . ...._...o... perennt | Ti.4 68,4 4.1 8.8 66,0 313 a0
Dew point . ... ... [ VR c8.4 57,5 6.9 3.5 34.5 70.0
Vapor present o __ meeeae gRfiD L 20,0 | 1039 w5 45,0 34,0 *. & 10,0
Vnpor defirlt, ... ceeeeeeaEr b 35.0 5i.0 954 9,0 10.9 .0 0.0
Vapor prossure . .o.ooo_..... mm. Heo..p 20,5 17,3 12,2 3.0 5.4 B.1 18.0
Vapor pressuredefleit L. ... mm. He. 80 [+ ] ih3 LB £ 44 8.6

' Alldats eg:coi;t terpernture and reintive bumidity are npproximations read or esteulated from o commeon
psyehrometrie chart, .

EFFECTS OF AIR HUMIDITY ON SEED MOISTURE

Table & presents a drastic condensation or summary of the data on
effect of atmospheric humidity upon moisture content of the seeds
stucied for the first 110 days in this work., Each value in columns
2 to 6 of the table represents the mean of 10 moisture determinations
from each storage chamber, except those for 66 percent humidity.
which represent 10 from the 80° F. room plus 10 from the 50° room.
The relative humidities indicated for columns 2 to 6 are the means
of ten 10-day means for the respective charabers. The 66.2 percent
heading is the mean of two chambers operated nt 66.4 and 66.0 percent
at 80° and 50° F. respectively. In developing the data in the remain.
der of the table, the seed-moisture figures for individual samples
were utilized, together with the corresponding 10-day mean humidity
values for cach chamber (fig. 2). Tables 2 and 3 show the marked
fluctuations in humidity that oecurred in each chamber. Table 7
presents & summary of the analysis of variance in humidity and also
In seed-moisture content of the seeds stored in the six controlled
chambers, but it is less informative than table § because discrepancies
in humidity eontrol are confounded with {emperature effects.
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Ficure 2.—Regression lines showing moisture content attained hy different
seeds at relative humidities from 40 to 80 percent: A, Sweet corn, lima bean,
and kidney boan; B, peanuf, cabbage, carrot, and beet; €, tomato, onion,
and spinach, Dotted lines show error of estimate for onion,
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TABLE 9.—Swmmary of effects of atmospheric humidily upon moisture conlent of
stared vegetable seeds

1
: v ; 4 Cﬁr{olation
Mean moisture content of see pbwech Aol o l
stored at mean pereent rel- | air-hu- C‘;m.'f‘{':m ‘I'.{;'or ?t
ative homidity wad tem- midity o ri(“f'r:iis' 3 urIm 2
perature shown ! andd seed $ anee | Slanid-
meistare CORATIANGE | onnew of
Seed e e e im - . I tamnpera-
. . L turiz
With- With- With-,  elleet !
in in in
s, | 770, | 8.2, | 51,5, | 44.1, | To- | tem- | To- jtem-| Ta- 1 lem-
1. H [ L U | tal? ppera-j tol |pora-| tal | pers-
1 ; tures ¥ tures turas ;
) . Pet. | Pot. | P r r b '] z 4|
Lima beutt. oo, . | 1406 | 156 | 108 10.6 ] %5 0,893 l0.913 |0. 105 {0. 165 | 1. 12 | 1.04 | Very kigh.
Kidoey boan, _... W a4 1L3 ] 1nd T4 .08 | L3 | L9 | L7 L0 .0 rh.
Swoeet cotn .. oo f 1T 1200 0| B8] 5| .08 060 | L2307 M6 ] .70 (58| Very high.
Tennut. ooree  bse| S0 sol 56| La|.S8G| .ge2 ) 000 | L0u8 ) .T3Y .74 None.
BeeL .. . 151 15| L2 KA A I EL S LT R RIS I I W L I e 1 Do.
Cabbage_.____._.... 10.5 7 1.1 7.8 | 6.4 504.81 .95 ] .125 | .12V ] 100 ¢ LODY Do
Carrot. .- 1We | 12s] a4| 7o) 65|.026 ) 0304 152 81| LO1} .08, Do.
fpion. .. ... 135} 13.27 0.5 2.1 T8 .0tA | L0 L1062 P 16T A7 074 Lo
Gphaeh. ..o p A0 LRGP LRGN IR T B.5 .5 04T | .tAD ] . 155 i 65 l Very high
Toemato 1 122 1.2 ad 8.4 6.9 ! JLEAL S E L - R ! .81 . ™.

I Alean mgisiure content of sreds in percenlage of fresh weight as retnoved froin storage chatmbers at mean
nemiditiss atd temperaturs shown,  L=350° P Q=0

+ Degrees of freedom, 58

1 Degrees of freadom, 35,

4 Change in pereent woisiure cotntent of seed for cacty [ pereent air-lumidity change,

s Based on variance due to temperature plus interaction between temperature and Inenidity, o eom-
parison with remainder variance.

Despite a general lack of an over-all significant temperature effect,
the remarkably consistent differences shown in columns 3 and 6 of
table 6 (moisture content of seeds from 66-percent humidity at 80°
and at 50° F.) suggest a defirite effect of interaction between humidity
and temperature upon absorption of moisture. The covariance
between humidity and seed moisture was then ealculated for the Inter-
action “temperature X humidity” plus “temperature” (3 degrees of
freedom) and for remainder (56 degrees of freedom). The results are
shown in table 9. When “interaction” (temperature X humidity) is
included as part of the influence exerted by temperature upon seed
moisture in response to humidity, lima bean, kidney bean, sweet corii.
spinach, and tomato ail show significant effects. Even so, the re-
ression and correlation coefficients calculated after removal of tem- -
perature effect are nearly identical with those calculated on the totad
sources of variitton.

Although temperature appeared to have a definite effect on the
moisture level developed in certain seeds at a given humidity, the rate
of change with change in humidity appears to be practically the same
at both these temperatures. Regression lines plotted from data for
the two temperatures separately, therefore, are parallel or nearty so,
even in those instances where temperature effect was highly signifieant,

The moisture contents for the 10 kinds of seeds adjusted to equal
humidities are shown in table 10. It will be noted that although lima
bean showed a significant difference in moisture response to humidity
at the two temperatures, including interaction, there was no effect of
temperature alone other than that associated with failure to keep
humidities equal at the two temperatures,
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TarLe 10.—Adjusted mean moisture contents of seeds stored 10 o 110 days af
different humidilies at 80° and 50° F.1

[Sce table 6]

i Observed moeans 1 Adjusted means Ditfer-
- : cencednel
: ; . ; Signifi-
Seed At high - Atlow ! Atddph | Atlew i tt?nh::frl'll- cﬁ::ce
tempers- ; tempeta- ©tempern- | tempern- tu‘rc -
tnre . ture l e, ture i
Pereent ! Perceat | Percent | Percenl | Percenf |
11. 80 12,45 12,18 12,19 —0.83 | None,
1.2 1241 il 54 12,97 —. 5 | Low.
Wl wn n 47 iL47 | —100 ! Hiph,
6,04 5.8 &2 £.44 —. 23! None.
10,70 142 11.05 1,08 ~ W Da
57 8 24 .88 805 -7 Do,
4.36 10, 42 806 it 12 —. 46 | Low,
0. 32 1L 18 1. 58 19, 42 —.3t [ Wone,
11,35 12 a8 1460 2.3 —. 71 } High.
8. 02 0. 12 9.22 0. 90 —. 68 Do,

b Adjusted to equal humidities at the 2 temperatures,

There was no significant variance in humidity (of all chambers) or
in seed-moisture content (seeds from all chambers) between dates of
sampling of any species (table 7). Most of the total veriation was
contributed by differences between humidity levels (three at each
temperature), but there was also 2 significant variance in humidity of
chambers and_moisture of seed, between temperatures. This last,
however, was due largely to differences in humidity control at the two
temperatures. The chamber run at 77.9 percent was intended to be
run the same s the one at 80.8 percent, and the 44.1 and 51.5 percent
were intended to be alike. The 66-percent chambers were controlled
successfully. It should be determined, before placing too much
dependence in the moisture-percentage date in table 9, how much
effect temperature had on the moisture content of the seed in response
to air humidity.

It is of special interest that from the adjusted mean moistures (table
10} kidney bean and carrot had about 0.5 percent, spinach and tomato
about 0.7 percent, and sweet corn 1.0 percent higher moisture when
stored at 50° than at 80° F. These differences are statistically sig-
nificant, and in all cases storage at a low temperature resulted mn
higher mean moisture content than that developed at an equal humid-
ity at a high temperature. The importance of these results lies in the
potential danger of damage to seed with this higher moisture content
when taken out of storage and exposed to high summer temperatures,

MQISTURE CHANGES IN SEEDS AT 32° F.

From the original studies of moisture equilibrium at the different
storage conditions, information was available only at the two storage
temmperatures 80° and 50° F. Little information is available on the
moisture attained b¥ seeds in cold storage, therefore changes in
weight were determined on the seeds removed from storage condi-
tions at successive 10-day intervals and placed in storage at 32° at a
relative humidity of approximately 60 pereent where they remained
for from 1 to 8 months. The final moisture content reached at 32°
has been estimated from the changes in weight and have been grouped
(table 11) as means of values from seeds previously stored at the two
high humidities and at the Hive medivm and low humidities in com-
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parison with the mean initial moistwre before the seeds were placed
at 32°. The seeds transferred from high humidity all lost moisture,
and the seeds from medium and low humidities gained in mesn mois-
ture while in cold storage. However, the final moisture contents of
each kind of seed from the high humidities was significantly higher
than those {rom the medium and low humidities. It may be that the
period of storage was too short for final moisture equilibrium to be
reached. Thie mean final moisture contents (fast coluinn of table 11)
reached at 32° are in general agreement with the corresponding values
of moisture content of seed stored at 66 percent relative humidity
(columns 2 and 5, table 6). Although the results at 32° are estimates
based on weight changes, the general indication is thet the equilib-
rinm moisture at 32° 1= of the same general order as that at 530° for
the same humidity.

TasLE 11, —Summary of estimaled moisiure contents aftarned af 52° F. and
60-perceni relalive humidily by seeds previously exposed to different humidily
treaintefiis

Previous storage at— Previous storage at—
1
1
High hu-  Medium to High hu- | Medium to
midity | low humid- midity { low hyrmid-
(means af | ity {fmeans | Moeap {means of | Ity {means |Mean
Seed 22 deterini- | of 55 deter- | finel seed 22 determi- | of 53 detec- | fical
nations} . minations)}t, mois- nationa)! ) minations)! mois-
; » ture 3 ture
Ini- [ of Ind- [ Ini- Ini-
thit 1g‘_‘lolzliall tiaf HFinol tint {(Fimal} o i Floa)
5 5 FHnig- i mois- 8 |mois-
mois-  artmoisd o o mois-, e olmois- L
ture? {turet tured U tured 0T
t ]
P | Pe. ) pet ! o | P Pet, | Pet. | Pet. | P, | Pu,
Sweet corn. .| §3.34 1.9 10.0 5 10.8 1.4 1 Spinpedy . ..o L6 2.31 10.9) 11.& 120
Beet ... ARy T 057 109 1.8 omate. . .__..._f ILT| 9.8° B\.?i 9.4 9.4
Cabbage o A3 Ryl T B4 &2 - 2
Carrat daaviol se] 91) 97 Mean: 131} 100! oz.1001] W
Onion. _ 4 1.5 14! 86 m.s] 1.1 l i
i 1

111 lets from jé-percent humidity at 80° F, and 11 from 81 percent at 56°.

1 Actual moisture determination on samples remeved from treatment.

1 AlInisture content cstimated from change in wolght at 33° F.

¢ 11 lols from: each of the following conditlons: 66-porcent humidity at 50° and 819, Sl-percent hamidley at
50°, #-percent hymidity at 80°, and warehorse.

+ Between single values for, finnl moisture, differences as great 63 .3 percent are gignificant; between
means, 8]l differences are signifieant.

CHANGES IN SEED WEIGHT

It might appear that changes in total weight (expressed as percent
of original weight) should bear a direct mathematical relation to
changes in moisture content {expressed as difference between original
and final moisture content, each based on sampled weight). If pos-
sible changes in dry matter are not involved, this would be true; but
the relaticn is not simple, because the weight changes are based on
original fresh weight and the moisture contents are based on fresh
welght at time of sampling.

When seeds respire they consume storad food materials, therefore
there is a loss of dry material during storage, and this might be
expected to be appreciable at high humidity and high temperature.

As stated in the description of methods, each sainple of seeds in
these studies was weighed at the inttiation of the experiments {(over
900 samples) and again when it was removed from the storage cham-

15H701°—40—3
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ber. This was done not only to determine change ix: total weight from
gain or loss of moisture, but in the hope that with the mnoisture deter-
mination, total dry matter could be sccurately caleuinted for each
sample before and after treantment, and any losses due to treatment
determined. Unfortunately, the methods of weighing and sampling,
while quite accurate enough for the main purposes of the work, proved
inadequate for dependable estimation of dey-matter losses of indi-
vidual samples. Despite these troubles, the large mass of data col-
lected offered an opportunity to caleulate menn tendencies toward
dry-matter losses among the several treatments,

A variance analysis was made for the seven species, data for which
were sultable for combining. The standard error of a single determin-
ation, based on error variance (for interaction botween crops, samples,
and storage conditions) was £ 352 mg., while the mean loss for all
samples was but 12.5 mg. Obviously, little dependable information
can be obtained from such data. Even so, variance due to treatments
and to inieraction of crops X treatments was highly significant with
reference to error. The high-temperature, high-humidity treatment
was the only one showing a highly signifieant departure in weight of
dry matter as compared with weight at the beginning of the experi-
ment. This is true only for the figures relating to the 10 samplings
a8 & group. None of the values from the 110-day sampling alone show
a significant departure from zero. o

At low humidities and low temperatures in this work there seemed
to be no change in percentage of moisture othier than that to be ac-
counted for by change in weight. Except at high humidity and
temperature, it would scem safe to use change in weight as an index
of change in moisture content,

GERMINATION RESPONSE TO STORAGE
EFFECTS OF 32° F, STORAGE

Reference 1s made to pages 5 and 7, where it was stated that resi-
dues of samples, or collateral samples, of seeds subjected to the
several treatments were placed in colle storage immediately after the
samples were drawn for moisture and germination determinations.
The primary objectives of so storing these seeds were: (1) To de-
termine how the moisture content and germinating power of the seeds,
as taken from the chambers on the successive dates, might change
during several mounths’ storage at 32° F. and 60 percent relative
humidity; and (2) to determine whether germination tests on a single
species for all these treatments and treatment time intervals, made
simultaneously under a single set of conditions, would exhibit a lower
error variance as a result of eliminating the uneontrolled variables
that are certain to be involved in making successive germination tests.

Both of the objectives were quite successfully atfained. the second
being possible because there was no important difference in germina-
tion of an entire series removed from 32° F, storage and germinated at
one time, under a single set of conditions, as compared with the same
samples germinated in 11 successive lots over a period of 251 days.
While it is true that in most instances there was a significant difference
between the 2 groups of germination data, it was always relatively
small. The first set of germinations (made successively at intervals)
was generally slightly higher than the second (all made at once after
storage at 32°), but the reverse sometimes occurred.




DETERIORATION OF VEGETABLE SEEDS 19

Since the seeds from the high-humidity and high-temperature treat-
ment were more or less seriously damaged before being pliced in cold
storage, 1t was desired to determine whether they held up as well at
32° F. as did the other lots, which wers damaged none or ouly to a
moderate degree. Table 12 presents a comparisen of such damaged
and sound seeds before and after storage at 32° for & mean time of
about 7 months,

TaBLe 12.—Comparison of ceriain mean resulls of germination losts Jrom 2 groups
of fests, the first exlending over 251 days and lhe second consisting of collaleral
samples held in cold storage and fested al one time

Mesn permnitmtion of seeds frol serfos of trowtments and gronp
tosts shown

Smewdl sarnples from caus, ‘ Large sumples from baps,
treaied 1 to 250 dnys H treatucd up o 87 days
e N
SI.‘I.‘{'} i ]

b [igh humidiey AM other High hamidiny All other

wnd temperatarel  trostmends [nad femporatare trentments
First |Second} First | Socond] First § Second| First - Sceond

tesks tests tests tests teats tosts tests - tests
FPercend | Percend | Percent | Pereewt | Pereent | Percent | Percent | Percen
Lima bese: | __ emvmiaeaoe .o 6L7; 687
Kidney bean . e mamn e R D . 0.1 9. 5 86.5, 904
Sweeteorii. . . ..., O - - 539 40.5 636 ; 2.8
Perunt ! R S R el 433 31.8 Gil. 2 I
Beer | - [ 75.7 548 88,1 831 82,1 88.0 50.0
Cnbbage, | 'RLG 3.8 M 0.3 85.3: 845 .0 9.0
Carrot c 7G| res3 2.4 *89.12 3.6 1841 .6 90. 4
Onian - .4 TL8| *T7i.8 %5 8.0 8.9 0.7
Spiesch .. ... ... _. P42 2.5 L2 713.8 3.9 9.1 .8 U
Tommbe. .. .. o iiaees. a.. [ VRS ) N 9E5Y tuD 2 85. 1 Mo 92 G 10
Moene . e e L . l [T 81 A1.4 56,1 ] 8.9 L]
; .

FRecnmd est inforior to fiest test by odds of 19 to 1 or more,

Despite the statistical significance of many of the differences be-
tween the tests before and after stornge, there was only one case in
which the second test was inferior by as much as 2 percent. Thus, for
all praetical purposes the groups of tests after 32° F. storage may
properly be considered as replicates of those made before storage.
Tables 19, 20, and 22 to 25 were developed from combinations of
these two groups of germination tests. The mesns are more depend-
able and the standard errors of the means are lower than for either
group alone, sithough the error variances for the later groups slone
were not consistently different from the others.

The procedure of holding lots of seeds at 32° F. after removal from
certain treatments at suceessive time intervals, until a time series is
complete, then germinating them all simultanecusly, seems to have
much to recommend it for studies of comparatively short duration.

EFFECTS OF STORAGE TREATMENTS ON VIABILITY

Tables 13 to 26, inclusive, show the mean percentages of medium
to good seedlings in the 10 species of seeds from the 7 storage conditions
on 11 dates and the analyses of variance of the data entering into the
germination tables.
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Footnotes in the tables show the magnitudes of differences required
for 18 : 1 odds of significance between single values shown in the
tables, between means of storage periods, and between meens of stor-
age conditions. ) ) N

It was originally planned to establish three atmospherie-humidity
levels at each of two constant temperatures, holding each level equal

TaBLy 13.—Percenlage of normal, mechanically injured, and small seedlings of
{ima bean after storage of seed under different conditions

[Menns of dupleate 100-sed tosts] |

Germipstion alter removnl from stemge conditions shown

Temnperaturs 80° F, ‘Temperaturg 50° F.
Tiwe in storaga (duys)

Hyp- | Hu- | Hu- Hu- On- Hu-
midity | midity | midity | midity | midity | midity
44 per- | 81 per- | 08 per- } 5! per-
cent cent cent cent

Fereent | Percent | Pevcent | Percent
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1 Exclusive of resuits for zeroe time,

TasLe 14— Percenlaqe of fully nermal vigorous seedlings and mechanically injured
seedlings of kidney bean after storage of seed under different condilions

[Afeans of duplicate W¥kseed tosts]!

Germfuntion alter removal from gtorage contitions shown

Temperature 50° F. 7 Temperatore 50° F.

Time in stornge (days)

Ware-
Huo- ; Ou- ' Iin- Elu- Hy- Eu-  house : Mvean
midity ‘ midity nidity T midity midity ddity .
L8 per- 85 per- 44 per- | 81 oper- 06 per- 5L per- -
. cenb ong cent | eent oent, cent
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T Exciusive of results for zero e,
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and as nearly constant as possible at both temperatures, in order to
evaluate interaction between temperature and humidity. Since the
data in tables 1 to 3 show that these conditions were not fuifilled, close
comparisons should be made only on the basis of the several conditions
that did prevail. It is true that falr indications of the effect of tem-
perature ab a given humidity can be determined, but the full usefulness
of the design was so impaired by inadequate humidity controi that
interaction effects can be discuszsed only with gualifications.

TasLE 15.—Perceniage of normal, vigorous seedlings of sweel corn after siornge of
seed under different conditions

[Bleans of dupticate 100-seed tests] !

Germination after removal from storage conditions shown

Tewmperpture $6° F. 1 Tempernlure 5° F.
Time in storage [days) B

: 1 " o
Hy-  Hp- Wy . Ou- | Hu | fg- | War
widity : midity  midity ; midity . midity | midity : “ouse
78 per- | 66 por- 34 per- 8t per- | 68 per- ;5L per- |
cent | cent - eent  cent | cent | cent
r . L3 B

3

. . i : '
Percenty Pereemt! Percent. Perceniy Percent| Percend] Fercent Percet
8L.4 - i 3 : 5 i

O oo e La' BL5 35 BL3| K51 93, 3ha
Wo o 78 w0 ol 823! mal Wil o

A5 B0 B0 SL5q 753 81L&+ TR0}  TIA

3007 S s, 0 BLA. 3.0, Teal AQr w0 AT
LI ams T 75 TR0 0 ThaA] T oa?
I TN o e Al 25 b, sl 68| eeT
B0, LU s 6a0 0.6 660, L. 7e0] sno| 0.0
L IO 135 6na 0.0 Bha. BB, TLO| 625| o+
S0, LU D s ame sy esls, o i2o| 63| LB
o0 DT ITINTTIITIUN 120 e85 eio! wsnl BLol dns| elo| 834
T S B5| 6650 uao0! 0| 660) 60| s00] 55
w1 DT LTI ) B6.0 0 T0.0 | &.0{ S0.51 ARO[ 0] BNS
Mewn? .l . e e e 4 03 mn] m.a[ 47| 14.0] wsi3| ese

| i

- Minimuom Jdilfercoees requived for significance are: Between single values, 6.7; between means of test
periods, 2.5 between means of treatments, 31 pereent,
7 Exclusive of restlts for dere thine,

TaBLe 16.~—:inalysis of variance of germinaifon dale eniering inlo lables 13, 14,

and 15
: :
i | Varianoe fur ¢rops shown !
L v Dugrees ;__ -
Source of varintion of .
freedom Lima . Kidney Sweet
bear [ bean corn
1
r M ,' ‘m.

1 153 w4 L6 | 4.2
Between treabments . ... icieaaaeas ' G 1400.2 VIS9.5 1 15,7016
Between storage period . 10 7252 554. 2 969, 5
Troatiments X periods 1 2T ! 184.3 123.3
Remaloder (eT0r} o o ceei el e } 7 E.ioi 12A?!' 1.7

LAl values hivhly sipoifteant with reference to stror.
? Signiftennt by odds of moere than 09 te | with reference to treatnients X stornee perlads,
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TanLe 17.—Percentage of fully normel and small seedlings of peanul after storage of
seed under different conditions
[Means of duplicate 100-scet] bestsh

Germiination after remwoval from stormyee coneditions shown

Tempserakire 50° F. Temporatare #° F. !
Time i storage {days) e e e

Hue | Hue §oliwe | My jobee | lee §ERES ag,
midity | midity | inidity { midisy | midizy | inidiey  HOUSE
T8 per- | 46 per- | 44 per- | B per- | 06 per- | A1 per- |

Lont cent went ok cont wnk

Percent | Percent { Peveent |Percent | Percent |Percent | Percent | Percent
850 Ssu . 8.4 &0 836 £3. g0
X - X . . 7. WL 0
8. ) )
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20| o) s
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3. ve. ) &0,
3.0 A . .5 {428 Hoo
0.4 T3 8.4 G735 . 0.0 4.3

80 . A 80
1.5
825

. sl 6.3 . T2 T w3 g

U A inimam differcnces required {or significance srer Between siogle values, 12.7; betweek micans of test
periads, 457 between means of treatuends, 4 percent.
1 Exciusive of esulls for zero time.

TaBLE 18.—Analysis of variance of daic en germination of pearul entering into
table 17

- Ddogrees of

Souree of variation trecdon

Varinuge

TolRl e

Between treatlments o ...
Betweer dates . .,
‘Urentment X tntes. .
Remaineder ferTor)

TasLE 19— Percentage of bect bells producing one or wmaore normal seedlings ajter
storage of seed under different conditions
[ATenns for four MO0-2eed Lests]!?

CGerminntion after removal from storoee conditions shown

Temperature 86° ¥, Tettperature 5° F,
‘I in stomge {ays) — el

Hu- Ry g Ifu- Q- Ho- }\ ""f'
widity  midity midity midity midity  midiey  TOUSe
78 per- 66 per- 44 per- 81 per- 86 per- 31 per-

cent cent eenk - CEnt cent cent

Fereent frereent Percent Percent Percent FPeroedt Pereend
=30 L0 Rt : =0 N 1.0
: &3 LTI 2, 1.0 3, ur. 3
84.5 33 51, L1 i3, 3 B8
88.3 5. L8 S5, S5 3
50.0 . L4, 840
5.8 LSS 54, ! M5
RG34 L, 8 3

50.8 7, & s

w23 3, & 55,0

%0.9 537, ! b}

.. . . L X 3.3 56.5

b1 I ' - 5 LR 56, a 5193

Meant ... ! 88,4 A} 86,7 &6 86,0 5.8
U Ak phnum Sifferences reqnired for significance are: Detween single values, § 4 hotween means of treat-
ments, LB between means of storsue poriods, 2.4 percent.
* Exclnsive af resulis for zero time,
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TasLe 20— Percenluge of normal, vigorous seediings of spinach after storage of seeq
iNtLU different conditions

[ Afunnx of six Kakseedd tenly]!?

Garmination afler romoval from stompe cotdiinns yawn

i i Telperniure $0° £, 7 eripominre M° F,
Time in storage (doys) :

} tie- t B i oBe- Hy- '! He- | Hu- VO yjan
P midity - midity midity § nidity ’ midity | midity hearse

T8 per- | O per- 44 per | B per- | M per- AL per-
Coeent !ogent . ocent cettl | cemt ° et !

i'zrmir ifercenrd Perennt - Percent | Pc.rcm: ferceitt i’rrmir Pereiat
4.0

RO O[O WO T0: 0! Ty
513 & 78R vh3 a'iﬂi I
B o i T ; o2 T4
hT ind Tod| L3 Fiu
To b L] L 740 Tlh
0.8 4.8 L3 8.2 I 0.0 70.5
728 . TLY W0 5.7 b6 b
W0 FLDC 332 A0 6L ik 2
i Iy L3 L oh, 3 s 3
L P T L3 . 5 GE. 6
o WO LA 0.8 5.6 5.6
B R 2. TR TRE ! 45,8 At
Mean? . LG .0 ThU i

P LI | [EURK]

1 \[mmmll: lliﬂt‘rt‘nt‘(‘s rmmre(i for Sl"uiﬂ(:m:w ures Bebwern single values, 3.3 bebween trents of slrnge
perigds, 20 betwoen ouns of tTreatmenls, L0 perestil.
¢ Exclusive of resuils for zero ties,

TaBLE 21.- _inafysis of variance of data enlering inlo tables 19 und 20
e for heet 12atn for spinneh
Senrrew of vurlation T -
EYyeprees of Menn . Pregrees of Mesn
feeedun Spppne froedom sopunre
Y N W 13 i3
Hetwern {reatments 1] 4 G
Hoetween starage weriods 1} 13240 ig
Hotwien gronps of (055 . 1 R | ]
Treatmeni X storme o LI ¥
Remasinder serror) W Mm. 2 i Mt
1 ]

_\!i \nlum ll:gi:i} synifienay with referenee 1o error,
£ AN vakees hiphly signifleant with referenece to error eacept thut for groups of tests,
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TaBLE 22.—Percentage of normel, vigorous seedlings of cabbage ufler storage of
seed under differeni conditions

[Means of cight 100-5c0d festy] !

Germination alter removal [rom storage conditions shown

Tempemings 80° F, Temperature 50° F,

Time in storage {days) .
Hu- | Bu. | Hue | Hu- | Hu | Hue | pVoce
midity | midity | midity | mklity | midlty | midity
T8 per- | 66 per- | 44 per- | 8f por- | 68 per- | 51 per-
cent cent rent cent fulct it cant
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1 Minimuom diferences required for significnace are: Detween siogle values, 3.2; betwieech means of
trepfments, L.G4; between means of storage periods, 1.2 pereent.
1 Fxelnsive of results for Zero time.

TanLE 23.— Percentage of normal, vigorous seedlings of carrot after storage of secd
under different conditions

[Means of elght {D0-seed teats]))

Gennlnation siter removal from stomge conditions shwwn

Temperaiure 830° F. Temperature 3° F,
Time in storage (days) ; ‘ : 1 . Ware. |
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1 Exclusive of results for zero time.
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TaeLe 2M4.— Percentage of normal, vigorous seedlings of onion after storage of seed
wnder different condilions

fATenns of elght 100-seei tesig] !

Time instormmge (days)

CGarmination after reneval (roin storage condittons shown

Tamparulure 80° F.

Tempernture 5° F,

Ware-
Hu- Hu- Hu- nu- Mean
wtidity | midity | midity  mtdigy | DoUS®
14 per- | Bt por- | 60 per- | 81 per-
cant oent cant cont
- Pereent | Pereeitt | Percent | Percend | Pereint | Percent | Pereent
B | oso2l sn2i Beo( 802 802 #0.2 )
5.1 808 8.0 Te 4 w0 761 0.3
7.3 6.8 TG 8 0.3 ™y 7.3
7.0 8.9 .6 T 3 6 .5 0.4
7.1 70.4 750 T4 TR 6.9 6. L
721 6.5 e 74 i8.2 [N ] 05.
7.0 8.5 78.9 5.0 7.6 5.t G4
0.5 K] 6.4 8.9 .5 MH.3 &l
713 T84 T8 7.1 789.3 3.6 aL 7
64,1 .4 729 80, 4 TR.9 18.8 al.1
oL ! 68| mE| eL4] FLS| 7mo| a0 57.0
A e meme e —m—————— T4 T8 H. 3 5.0 .5 %5 503
DO oo ol | T0] 742| TR4| T8} Sn1)° e

! Alinimum differences rertired for sighlflmnes e HDetween single values, 4.7; between means of treat-
ments, 1.4; hetween menns of storoge periods, 1.8 peicant.

t Exelusive of results for zero tima

TanLe 25— Percentage of normal, vigorous seedlings of lomalo after storage of seed

under different conditions

[Menns of elght 10-seed tosts]

Tima in storage (days)

Tempsmatonre 80° F.

Teamperature 50° ¥,

[ Ware- ;
house

Garminatlon sHer removal from storage cotditfons shown

! Hu- Hu- ! To- - Mean
ymbdity midity t midicy midity  midity  midity
+ 14 prer- | 81 per- 66 per- ¢ 5L per-
! cent cent i cent cent

Percent | Percent | Percend s Percent [ Pereent | Percent
NS 918 1.8 9.5 9LE at. § 91. %
I e eeaaamaimmeaaan a2 4 H.0 1] o0 815 g8
20 e wemeenaa W0 9.0 93. 8 91.1 1N 9.1
. . e amee s 93. 4 1.3 3.0 3.9 5.5 0.3
L . oo S0 1 &1 90. 5 90.0 50,0
F 4 T 031 82,5 81L& 0% 5 8.6 20.0
B i e mmmma—maaea- 90.3 9.0 4 w2 5 sl BA. 9
L N PN 88,1 04 3,8 879 89.2
L | . 4 88.¢ w6 93,4 54,0 9.7
1. | AR 28 20.9 210 4 85.8 9.0
L L5 .3 Sg 9.6 86,3 B8
. B1. 8§ 5.6 M. 5 , 01,4 &.at ’i.d
Y £ oz4! 02| 24} s26f s8 | 80,8

1 Minimum differences required for signifleance are: Between single values, 3.0; hotween nieans of treat-
mants, b0 between menng of slomge penods, 1.0 percent.

* Exclusive of results for zero time.
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TanLE 26— Analysis of variance of germinalion dota entering into lables 22, 28,
b f 25
24, and 2§

Vurinnee for crops shown !

- —
Source of variation Degrees

o
fresitoin | Cabbage | Carrol Onlon | Tamnto

Total...o o e (1313 128, 1 149, 1 ABD2 &

Batween Lreatmenis®___ . .. . givm 701 | v B8 2 245, O, 2
Between storage perids. . . 0 f Sé;.‘.ﬁ TOHL) | 28A2
1 N}

Retweon groups of tests. -- 184.0 12,7
Trentments X perjods_ .. .. : ag ! T30 R82, 5 TS, 4 ¢
Remainder (error) R BIR 10.0 1 n.3: 22!

b A1 values highly significant with reference o error.
* Bignifieant by odds of maora than 99 te 1 with reference to trentments X periode nmel with refecence to
BITUY.

HIGU AUMIDITY AT HIGH TEMPERATURE

The most striking point in tables 13 to 26 is that, with the exception
of beet, which showed no change through 110 days, all crops soon
showed very significant decreases in viability when stored at 80° F.
and .75 to 80 percent relative humidity. Sweet corn {fig. 3), onion,
and peanut were almost completely destroyed within 60 days, and
spinach was very severely damaged. Beans, cabbage, and carrots
were injured to a significant extent in 40 to 60 days and showed
serious loss after 90 or 110 days. Tomate also showed a small but
significant loss after 20 days, but the rate of deterioration was quite
gradual up to 251 days. At 251 days kidney bean, sweet corn, cab-
bage, carrot, peanut, onion, and spinach were all dead or practically
dead. Beet germinated less than 10 percent, lima bean was com-
mercially worthless, and only tomato survived over 40 percent.

MEDITM HUMIDITY AT HIGI TAMPERATURE

At medinm humidity (66 percent) at 80° F., the beans, sweet corn.
onion, and peanut all showed quite definite loss of viability a6 110
days. Significant decresses showed up much later than at high
humidity and were far less severe. Definite injury of practical com-
mercinl 1mportance was evident in about 3 months under these con-
ditions. At 251 days spinach, conion, sweet corn, and peanut were
far below commereial standards,

All crops from the high humidity at 80° F. showed significantiy
lower viability than those from medium humidity after 110 days and
after 251 days.

LOW HUMIDITY AT HIGH TEAMPERATUHE

Generally, seeds at 80° F. and at low bumidity (44 percent) ger-
minated after 110 days as well as or better than those at medium
humidity, althoughh peanut, onion, spinach, and tomate were the
only kinds significantly better. At 251 days low humidity was
definitely superior to medium humidity as a storage condition for
many kinds of seeds. Despite the superiority of 44 percent over 66
percent humidity at the high temperature, lima bean, sweet corn,
and peanut showed a significant deterioration in 60 to 80 days and
onion in 251 days. Lima bean and peanut were definitely below the
minimum standard by 251 days. Kidney bean and all the small
seeds except onlon showed no significant loss at 251 days.
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Since it was only the large seeds, germinated in soil in the green-
house, that showed appreciable loss when stored at 80° and 44 percent
humidity for 110 days or less, the question arises as to whether the
increasingly adverse germinating conditions might have been respon-

FiGURE 3.—Sweet corn germinated in the greenhouse alter seed had been stored
at high humidity and 80° F. for the number of days indicnted, then held at 32°
until germinated in April 1939: .1, 10 days; B, 30 days: C, 30 days; D, 70 days;
E, 90 days; F, 251 days. Seed placed in storage June 23, 1938,
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sible. Lower greenhouse temperatures in the fall before the heat
was turned on apparently depressed germination percentage slightly,
the first evidence of lower gerinination appearing in emlylgeptember
while the days were still quite warm and bright but the nights were
cold. The higher germinations in several instances at'251 aays than
2t 70 to 110 days supports this view. The 251-day tests were made in
March when the greenhouse was heated.

LOW TEMPERATURE

Of the seed stored at 50° ¥., only sweet corn showed significant
decregses in germination at all three molsture conditions by 110
days. Lima bean and onion showed hardly significant losses in ger-
mination at 66 and 51 percent humidity. In no case was the fall in
germination serious at 50° storage by 110 days, and the further loss
by 251 days was significant only {or sweet, corn and peanut.

WAREHOUSE STORAGE

Tables 1 apd 2 show that the mean temperature and humidity for
the first 110 days in the warehouse used in this work were 79° F. and
72 percen’, respectively, although the fluctuations were appreciable.
From July to October (110 days) temperature ranged from below 60°
to above 90° and humidity varied from 60 to 90 pelcent The mean
conditions for that period were roughly similar to those of the high-
temperature room, with humidity between the two levels artificially

maintained around 78 and 66 percent. From these considerations
one might sxpect the behavior of the seeds to be intermediate between
the high- and the medium-humidity series at 80° F. and perhaps closer
to the medinm. The mean moisture content of the seeds was actuall
very similer to that of seeds in the latter chamber. During late faﬁ
and winter the warehouse was, of course, cold, similar to the low-
temperature room, but with both tempemture and humidity fluctunt-
ing widely.

Considering means of all 11 samples of each species at each freat-
ment and also the final germination shown in table 28, the viability
results for warehouse storage were significantly different from medium
humidity at 80° K. for onl_v three kinds of seed—sweet corn, spinach,
and onion. In these instances the warehouse lots were marlxediy
inferior, individual significant differences occurring at the last three
to five sa,mphngs The rapid rate of deterioration of onion under
warehouse conditions was especially striking; good strong seedlings
dropped from 80 down to approximately 50 percent. in 60 d:ws
The mean {emperature during that period was well above 80° and
humidity from 62 to 73 percent. With cooler weather, despite an
increase in humidity, she rate of deterioration in onion (table 24)
decreased, and the viability held for another month before dropping
much more. In the high humidity at 80°, germination was spparently
down {o about 50 percent in only 2 weeks in contrast to 60 davs for
the warehouse seeds. Sweet corn also deteriorated rapidly under
these warehouse conditions (table 15).

RELATIONSHIFS TO TIME OF STORAGE

The charves in viability during storage at the various conditions
are summarized from different viewpoints in tables 27 and 28. Seed
loses its practical value for planting long befors all of the seed is dead.




TaBLE 27.—Sumnary of resulls of seed-germinalion. tesls showing for the various storage condilions the mean moisture content of the seed and
the approximale lime for viability to fall significantly and for viability to fall below an arbitrary minimum standard
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" dl In these {nstances there was no significant loss in germination, or viability remained above the arbitrary minimumn standard during the 25! days’ duration of this short-time
study.
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It is of interest to know how long seed will maintain a zermination
high enough to be of practical value. Therefore in table 27 arbitrary
mintmum standards of viability are presented for each kil of seed,
together with estimates from tables 13 to 26 of the length of storage
at the different eonditions before viability had fallen to this arbitvary
standard. These pertods are influenced not only by the susceptibility
of the seed to injury but also by the original quality of the sced.
Sweet corn (fig. 3), peanut, onion, and spinach at high humidity and
high temperature lost their practical value in comparatively » few
days, while beet remained above this arbitrary value over 110 days.
In table 27 is also presented the length of time required to show a
significant loss of viability at each condition of storage, together with
the mean moisture content of the seed at each storage condition.
In general there was a decided increase in time before sionificant loss
was apparent with decrease in humidity or decrease in temperature.
In table 28 the estimated germination values after 110 and 251 days
of storage are given. Since germination values are subject ta ervor of
determination, estimated values, based on the trend of the curve for
successive fests, are given rather than the result of the last test.

TaBLE 28.—Summary of germination results in tabley 13 to 26, showing the estimated
values at 110 and 251 duys, based on the general trend of germinalion valwes for
successive tests
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! Where values far 23} days are not giveén there were no appreciable losses of wiability between 110 aml 251
days at that storage enndition.

Tables 27 and 28 should be studied together. For example, at high
temperature sweet corn and tomato each showed significant loss of
germination in 20 days, but sweet corn had fallen below the arbitrary
useful value in this time and almost completely lost its viability at
110 deys, while tomato did not fall below the arbitrary standard until
110 days, and this value was only slightly below the standard. It is
evident that the different kinds of seeds are not equally sensitive to
moisture content. One of the most striking differences is between
kidney been and peanut; the former was only moderately affected at
high temperature with over 15-percent moisture, while germination
was completely lost in the latter with only 8.2-percent moisture. On
the other hand,the apparent differences in response of cabbage and
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onion at given temperatures and humidities are in part evened up
when comparison is made of lots with approximately equal moisture
contents,

DEHYDRATION STUDIES

The preceding sections have shown how rapidly 10 different vege-
table seeds will absorb moisture when exposed in small containers to
different conditions, and what the probable consequences of that
high-moisture content will be when the seed is held within specified
temperature ranges. Indications are alsn given regarcding the probable
rate of moisture loss from seeds stored in small containers with aceess
to air of low humidity. It is not known how rapidly these seeds will
absorb or give up moisture when packed, for example, in 100-pound
cotton bags and stacked in piles. That is another large problem to
be worked out. Tt does seem clear, however, that seeds will absorb
just about as much atmospheric water, possibly more, at fow tempera-
ture as at high temperature. given equal relative humidities and a
few weeks' time.

Seeds stored in the North {(or in cold storage) at perfeetly safe
temperatures may develop moisture contents that will be quickly
disastrous upon & marked rise in temperature in storage, in transit.
or after the seed is delivered to a buyer in a warm locality. The
present section presents the results of efforts to reduce quickly very
harmful percentages of moisture to comparatively harmless levels
without injuring the viability of the seed during the process. The
methods and equipment used were described earlier.

REMOYAL OF EXCESS MOISTURE

Table 20 shows {opposite zero time) the moisture content that the
seeds had attained In the storage chambers at the time each lot was
removed for drying. It also shows (opposite 150° and 120°) the
moisture remaining after the seeds were dried for the tfimes tndicated.
The data are presented in three groups of kinds of seeds nccording to
the approximate time required to dry them down to a predetermined
weight. Regardless of the moisture content of the seed as removed
from the high-humidity chambers, it was the purpose to leave them
in the driers until they had been restored to the approximate moisture
content {or somewhat below it) shown at the beginning of these stornge
studies. This level was arbitrarily chosen and for some sceds may
hiave been rather too high for safe storage at high temperature.

Two successive dehydrations were earried out with separate series
of seeds from the high-humidity chambers (78 and 81 percent}) at 80°
and 50° F., respectively, to determine the feasibility of quick drying
of seeds that have become too high in moisture but that may not yet
be seriously damaged. For obtaining a comparison of the effects of
heat alone (compared with heat plus high moisture of seed), seeds
from the medium- and low-humidity chambers at 80° and 50° were
subjected to the same procedure. Regardless of their moisture con-
tent, which was medium to low when they were put in the drier, they
were heated the same length of time required to reduce the too moist
seeds to a safe level.

It should first be noted that the moisture contents of the seeds
kept in bags in 400- to 2,000-gm. lots in the chambers agreed quite
closely with those kept in small containers (table 6).
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Tanve 20— Effcel of artificial drying on moisture conlenl of seeds afler removal from

different slorage condilions

[Maoisture expressed as percent of total weight of seed as satapled]

SEEDS DRIED 3 (HOURS?
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"F3
: Fer- § Per- | Per-| Per- | Per- | Per- | Per- | Per- | Per-| Per-
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* 'Tha first letter in each box head denotes humidity--high, medium, or low.

temperature—high or low.
1 Mean of 4 samples from hish-humidity storage.
1 Maisture content of soed at start of experiment, shown lor eomiparisen.
¥ L.imits of sampling crror estiznated at==1.7 percent moisture.

The second letter denotes
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Although drying time, temperatures, and rates of air flow could not
be controlled exactly alike for the successive runs of seeds, they were
roughly the same for each. Table 29 shows a rather definite tendency
for the small seeds to vetain slichtly more water after quick drying
the longer they have been held at exigh humidity. Part of this ap-
parent effect may be due to inequaliiies in the drying treatment.
The trend, however, is strongly suggested.

The moisture data for each group of kinds of seed were analyuzed
by the variance method to derive estimates® of variation not aec-
counted for, this to be used in gaging the operator’s success in stop-
ping drying at the desived pomts. Discrepancies of less than 1.2
percent for the 3-hour group, and for peanuts, and less than 1.7 per-
cent among the small seeds are estimated to be within the limits of
error for odds of 19 to 1.

It wiil be noted that as much as 3 hours’ heating at 120° F. did not
always suffice to reduce the moisture content of the beans from bigh-
humidity chambers to their originul levels. It is further intcrestin
that 3 hours at 150° brought the moisture of beans to no lower leve
than existed in the low-humidity lots upon removal from storage.

In many cases the sweet corn and small seeds were dried below the
desired level by heating at 150°, but the results in gencral were satis-
factory. Differences i drying rate in the two tunnels resulted from
differences in rate of air flow and aspiration effect as well as in tem-
perature; thus only limited practical recornmendations can be made
from these trials. Their main value is in showing the practicability
of quick partial dehydration of certain seeds and the tolerance of
those seeds to the requisite drying temperatures. The efficiency of a
given temperature ean be vastly increased over that obtained here by
the use of high-speed, turbulent air currents and agitation of the
seeds in the drier, thus greatly reducing the time that the seeds need
be exposed to lhgh temperature.

MOISTUHE CHANGES AT 32° F. STORAGE

Duplicate samples of the seeds from the dehydration studies were
weighed, placed in paper bugs, and stored at 32° F. at approximately
80 percent relative humidity for later simultancous germination tests.
Upon removal from cold storage the seeds were reweighed to deter-
mine weight changes. Approximate moisture contents of the seeds
from cold stornge were estimated from the weight changes. The
results presented in table 30 show that for most kinds of seeds the
final moisture reached at 32° by those previously stored at high
humidity is significantly higher Kn‘ lots not dried. TFor seeds pre-
viously stored at medium and low humidities there is no significant
difference in moisture between nondried and dried for any kind of
sced. It might scem from these results that drying seeds with a high
moisture content reduced their power to absorb muoisture later.
However, comparison of the initial and final moisture indicates that
dried seeds from high humidities had about the same moisture when
placed at 32° as nondried seeds from medium and low humidities,
and that both had reached about the same moisture level when these
data were recorded. Tt would seem, therefore, that the final moisture
observed depended on the moisture content when placed at 32° rather

5 The “errors’ on which these values nre based are not, “‘troe error,” singe no replications were invaolved.
They are high-nrier inleractions, probably of about Lhe same magnitnde that a troe error would be.
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than on previous treatment. It is probable that the time of storage
was too short for the seeds to reach their final equilibrium of moisture
under the particular conditions of storage.

A comparison of the results in table 30 with those in table 11 shows
comparable moisture changes, although in one case the seeds were
stored at 32° in paper bags and in the other in tin cans with a per-
foration in the cover.

TasrLe 30.—Summary of estimaled moisture contents attained af 32° F. end 60
percent relative humidily by seeds previously erposed lo different humidity treat-
ments and then dried before storing

I'Time of storoge at 32° F., £ to 8 months]

Molsture content of sceds previously
stored at—

i hean

. AMedinm and low
Elgh humidity humidity f ;ﬁgﬂ.

ture?

miois- mois- mils- mgis-
ture ! e 13 ture t turg 13

" Initial Final Inltisl Final

Percent | Percent | Pereent
135 0.4 128 13.3
12,5 12,8
13.3
13.6

Prreent

=
L]

...
£

el S I S IS S OB R G W D - LRI D = Th

Lima beazn.. . .
Kidney bean . . i

Sweet com

It e bk ot b o pam

Peanut, .. ___.

o
FEBEpmE B ERan T ERK
N

=

T

-

MEEERE MNP RMANIS DRk EEeO B S

e G O S G0 D L3 Cn S 8 T e B v w58 S0 b T O D AT BT 00

Bpinach

coBREEEBEepSnmeSERays

i

't Nonwe
Tomalo . cviuaaaa.. J— R i3
1%

SRS e DR DM D WD B D e L e S

wmsiar

Beil
T B

Nooe
150
17 -

b Aptuul moistinre tiu(urmmanon on samples bcrnn_ boing placed In 32° storage.

! Moisture content estimated from chanpes in weight at 32° F,

2 Ratween single values for finn) moeistizre content, differences asgmt as 1.0 percent are signifiennt; be-
tween means in the Iast cphumn, 0.7 betwveen means st bottom of table, 0.6 pereent,

EFFECT OF ARTIFICIAL DRYING ON VIABILITY OF SEEDS

Wean b .|

53
1.1
31
8.0
1o
2.3
4.8
0.5 .
Li?
8.4
57
&1
5.6
8.4
B.7
0.5
8.4
5.8
a6t
7B !
8.2
Ly
8.4
8.0
{8
0.8
9. 7
L.&8
7.1
5.8
3.3
8.4
0.4

G858 | weslPlNEloponupSEEponite

e rd
L B R e [ T [ T -]

bdntod
(-3 —J ]
[
=4

Tables 31 and 32 show the results of germination tests on seed
samples drawn immediately before and immediately after dehydra-
tion. It will be recalled (pp. 6 and 7) that these samples were
drawn in duplicate, one to be germinated at once and the second to
be stored at 32° F. for germination 7 to 8 months later.
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TasLE 31.—BEffect of artificial drying on wvinbility of bean, sweet corn, and peanut
seed after befng stored wnider different condilions
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When the samples for the large seeds placed in storage at 32° F.
were germinated m the greenhouse during April 1939 while the houses
were heated, the result,s with many lots were definitely quite superior
to those obtained in the preceding lnte summer and early fall.  These
results, as well as those of the 23i-ay samples from the seven storage
chambers (p. 28), emphasized clearly that certain of the fall-germina-
tion series had suffered seriously from adverse germination conditions
in the greenhouse that were not plainly evident at the time. It is
believed that the sceds germinsted after holding in cold storage after
dehydration provide a far more dependable comparison of the treat-
ments than those germinated at once. Table 31 therefore contains
data from only the later set of germinations, The variance analyses
are sitown in table 33.
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TasLe 32— Effect of artificial drying on wiability of 8 kinds of seed after being
stored under different condilions
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TasLe 33.—Swummary of analyses of variance of dehydrated seed lots germinated
upon dehydration and afler slorage ot 38° F. and al room femperalure
[See tabies 31, 32, aml 34]
LIMA BEAN

Yarianee for datn on seeds stored
3 ns shown
s g af
Source of variation tresdont 1 T .
= 13> ¥, stor- . Koo stor-
s Not stored? age . Ao
TreAL RO o oon il e s 7 1,375
Dehyarations .o ... cmeeeeeeeceimeeeae———- 2 482, 5
Trentment X dehydmtlon ... ______ 14 4 I
24 5 2+ S R, 72 1.0
1
RIDNEY BEAN

TreBt eI . . e mmem i s ccaeaa . 7 658, 1
Dehydrations.. ... ... ... [, 2 28,5
Trentruent X dehydmtion. e H 5.0
- i 7 |1 O

{ Total degrees of {resdoin is 85 for eseh crop or separate analysis in the table.
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TaBre 33.—Summary of analyses of variance of dehydrated seed lots germinaied
upon dehydration and after storage al 32° F. and al room temperature— Contd.

SWEET CORN

Varignce for data on seeds stored
ns shown
Sguree of variation ]i"ree{lomolf
32° F, star- {Room stor-
Not stored ame age

Trent DS, e e ———— s T 2840 8 2,705.0 |.
Dehydrations. . 2 41, 5 17.0
Treatment x deh}dmuon.“ 14 30.7 259
B3 5 i 18.4 20,2 |

FEANTT
PTRUIMIBNES | . .il. i ceecieeecommmmmaainne. 7 4, 51§. 2 52008 | e
l}ehy(]mtiuus_ s 2 1,675.8 LA20 |
Trentnient X rlehydrtion. 14 243, 1 PB4 8 fauceaeaen
) o4 31 bt madma s ame i s ammm——— 72 43.5 . T T S,

BEET
Treatmenls. . ... .. e icciisee... 7 5 245.2 206. 6
Dehydmtions._..... 2 1.3 4.2 40.8
Trentment X dehy drntion.. t4 18.0 4.9 10.0
Errer... . ...... .- 72 19.0 14.3 10.3
Treattients. e —mmm e 7 73.9 230.3 el
TDehvilmlians . 2 44 L7 8.5
Treatment X tlelu lirnT.lon.. 14 19,7 8.2 88
Emmor. .. i e —————— T2 11} 12,2 12,3

CARRQT
TrentmENTS. o cves vt mramemm——————— e m i 55,8 I3, 7 1,840.0
Dehydrations. ..., 2 2.5 .1 .2
Treatment X iehy dmtion 14 17.1 13.3 .2
Error . . .. e it e am——— e - T2 10,9 10.2 13.8

ONION
Treafments .. ... ... .. 7 5,80 8 8o 11, 528. 3
Deh}(!munns - 2 7.9 .1 1.4
Treatment X deh} dration. 14 40.1 24.8 8.5
TTOT . ... R 72 18.8 185 w1
TTRALIMEBES . . ... .. . . ce;eeeeemeeeamm————— s T 1,BOT.8 1, 725.4 3 6154
Dehydrations .. esmmmm— 2 8.2 1583 Bl. 5
Treatment x tlchsclmtmn“____.___ - 14 17.3 1.3 7,1
Error.... Cieeie mmmm e eeecaas e ae s cmm— e an 72 2.9 23,7 25.0

TOMATQ
Trealinent . i imia e e e iddemnemanaeane e 7 2009 200, 2 158. 1
Deh)(lmnona - e mmmme . maaa maman s s 2 L6 5.3 LR
Treatment Xlleh\'dmtlon et cmmmmmeam—aasas e 4 12.1 1348 5.4
Ervror____.. ... . fmam e emacmmem oo ns 72 10,4 9.2 101

Unlike the greenhouse germinations, no difficulties were encountered
in_maintaining closely comparable conditions in the laboratory ger-
minators. Most seeds germinated there in April after storage at 32°
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showed perceninges nearly identieal with those germinated immedi-
ately after dehydration. Therefore bhoil lots of data have been
combined in tuble 32.

In general. the error varinnces in the later group of germinations
were nearly the same as in the enrlier (table 33), despile the wide
diserepancies in the means for many of the greenhouse-germinated lots.

Table 31 shows that lima bean and kidney bean from the high-
temperature high-humidity chamber were rather seriously damaged
by the prolonged heating incidental to reducing moisture content.
Although the moisture content was as high or higher in the beans
from the high-humidity low-temperature chambers, when thev were
put in the drier they were not definitely injured. This indicates that
in beans the mere presence of high moisure alone was not responsible
for the damage by heat, but that the seeds [rom 80° F. and high-
humidity chamber had undergone an incipient deterioration that
became evident after the exposure of the seeds to the hent.

Table 31 shows that lima bean and sweet corn were practically
uninjured by heating at 150° F. after 24 days' storage at high humid-
ity and 80°; but all kinds except sweet corn were seriously damaged
by the same heat treatment after remaining another month at those
storage conditions.

Sweet corn was definitely injured in only one instance—seed held
55 davs at high humidity and 50° F. It required but s relatively
short period to hecome sufficiently dry, so was not exposed to heat
as long as the beans and peanuts.

Peanuts appear especiahy sensitive to heat, even with only mod-
erate amounts of meisture present. Only the low-humidity lots
escaped injury. In the high-humidity lots the 120° F. temperature
was harmful to peanut, while it did not damage the other kinds of
seeds of any storage lot. The data for peanut lllustrate very clearly
the increasing sensitivity to heat with increasing moisture content
of seed, higher temperature of storage, and longer exposure to an
adverse storage condition.

Of the small seeds (table 32) none appear to have been signifieantly
damaged by heat, although it is clear that onion and spinach from
the high-humidity chamber at 80° F. were badly deteriorated both
at 24 and 55 days. Why was not incipient deterioration made
evident In these small seeds, or existing deterioration exaggerated by
the heat treatment, as in beans and peanut (table 31} ¥ These
small seeds probably were subjected to temperatures of 120° or 150°
only a few minutes. Thev gave off their moisture so quickly that
a cooling effect was doubtless produced, delaying the rise in seed
temperature; they were usually removed from the driers at the end
of 30 minutes.

Details of the variance analysis of these results are included in
table 33.

EFFECTS OF LABORATORY STORAGE

Although it was not practicable to include in these investigations
any plans for studying rapid deterforation of seeds after removal
from the seven storage conditions described (page 3), a few inci-
dental observations of this sort were made. The excess of seed from
the germination tests on the dehydrated lots was kept in manila
envelopes in a filing cabinet in the laboratory in an *“‘air-conditioned”
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building for a mean time of about 7 months. Germination tests were
then made, one species at a time, upon these room-stored sceds,
simultaneously with tests on the duplicate samples that had been
held at 32° F. Excess seed stored at room temperature were avail-
able only for the six kinds of small seeds; but since these results are
of considerable interest, they are summarized in table 34. The analy-
ses of variance of the orlgmal data are included in table 33.

TapLE 34.— Effec! of storage at room lemperature versns cold slorage {32° F.) 6 {o 8
nmionths after removal from previous humidity and lemperature lrealments

[Means of twelve 100-5eed tests, which were gquadruplieats ie\‘r.s of nondried seeds und seeds deled at 150°
nml 1202

{ Ciermination of seeds held in laboratory amd in cald storage after
i previons conditions shown!
I
1
:

Previos stompge humidivy 75 to 81 percent

Smd : v - _-! - - —
24 doys nt 307 55 dnys at 50° | 48 tluys ur 50° | 79 days at 50°
! Brared ‘%wred Stored) | Stored | Stored | Btored | Stored | Stored
~aL32% (inreom| at 32° linroom I ot 32* linream | at32° |inreom
Pereent | Percent ! Ptrcﬂli Pcrcenl' Frereent [ Mercent i Pereentt | Percent
Beel oo e 865 5§23 A .2 50.9 M3 804 B4 7
Cabbnge. .. . =01 1&2' 1,2] BS.T- 0041 W0 . 001 895
Currot. . . _. 8.7, ThB TH ¥ 56,2 B3 S84 882 R4, 2
Onicn . 8.0 &2 B, G ¢ .1 LT EXLY: BOT %]
Spinneh. 5. 5.8 9.2 241 6. G661 RLE 8.3
Tomato B4 EAS 821, BL2 .4 8.6 89.9 88,7
|

Previous stomge humidity 66 1 Previous stomge hamnidity 51
pereent :

Sead S8 days at §0° T days at 09 | 5 days at 807 l 80 days at 30°

|
! Grored - Stomd Srored ; Sl.orv.-l.l i Srored ! Stored
i at 32° in room_ at 32° ln TOOm| at 32“ I.I:l 00T
i ; |

Storad 1 Stored
at 32° 1n Toom

fPr cend !Perren.t iPrreent - Pereent | Percent  Percent i.Percm.' Pereent

s.90| 9| M2 et w0, &L7[ 86 &2
gL 8 50.3 021, 929 B0, § o ¥ 26. 1
807 89.7| #.8° .0 87| ss| 803
w2 54,4 33.2! B3 7130 8.8 .7
e.3) G0: 7861 ™8 350 B! @I
Tormaio B3 ST.DI 2. BI H.0 o3’ KL5! 9x 2

! Mintmum differences reqguired for sizniflaunce hetween 32° and rogm slorage zre for the sev ern] kinds
of seeds; Heet, cabbope, and carrot, 3.0; onion and spinach, 4.0; tomato, 2.5 perennt.

The germination results on the seeds [rom storage at 32° F. were
entirely comparable with those on the duplicate samples germinated
at the time the seeds were placed at 32°, as shown by table 12. The
loss of viability among the samples stored in the laboratory differed
greatly, depending on the kind of seed and also on the previous treat-
ment of the seed. Tomato and beet, which were very resistant to
deterioration in the humidity chambers and in the war ehouse, showed
no consistent signifieant decrease in viability while stored either in
the laboratory or at 32°.  On the other hand, onion, the most unstable
of the seeds considered in the table, showed highly significant differ-
ences hetween the Inhoratory-stored and the 32° lots. for all previous
trentments. Deterioration of onlon at room temperature occurred
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whether or not previous treatment had resulted in any evidence of
injury st the time the seeds were stored in the laboratory.-

Cabbage, carrot, and spinach were intermediate in their suscepti-
bility to deterioration in the humidity chambers and in the warehouse,
and likewise were intermedinte in deterioration in the laboratory after
previous treatment. They showed some marked difterences between
the room-stored and the 32°-stored lots, but only for those seeds that
had been previously held at high humidity and high temperature,

The data in table 34 are derived from the figuves for different
dehydration trentments. In no instemce was there a significant differ-
ence between the nondried and the dried seels in deterioration at
room temperature. This suggested that initial differences in moisture
content did not long persist in the small packets under laboratory
conditions. :

It will be noted that in cabbage and carrot the differences between
cold storage and laboratory storage are much greater for the 55-day
than for the 24-day lots from high humidity and high temperature,
although the seeds of the 55-day lot were in the laboratory for the
shorter time. In these instances and possibly others it appears that
the damage under laboratory conditions resulted not so much from
the interaction of laboratory temperature and time with seed moisture
as with the incipient deterioration developed during previous storage.
The progress of this deterioration was held in check by storage at 32°
F., but continued during Inboratory storage.

DEHYDRATED SEEDS RETURNED TO HUMIINTY CHAMBERS

After the several kinds of seeds from each of the humidity chambers
had been dried and samples tuken, quantities ranging from a few hun-
dred grams to nearly = kilogram of each remained. These were re-
turned to the original condition of storage, where they remained until
early March, a total storage period of 251 to 266 days, when they were
again removed, weighed to determine change in weight, and samples
drawn for determination of moisture content and viability.

The moisture content of these seeds that had been drted had all
reached levels already shown to be characteristic for each kind at
each storage condition. The figures were practically identical with
those for the 251-day samples shown in tables 13 to 13, 19, 20, and
23 to 26.

Table 35 shows the results of the germination tests on these seeds.
Because of the large number of snm}?les, the seeds from the 150° and
120° F. drying treatments had to be germinated in successive series
12 days apart. Germination conditions were aspparently very uni-
form throughout, since there was no significant difference between the
two series. The data from the 150° and the 120° treatments were
therefore combined to give the figures for the “dried” arrays in table
35. The figures for “none’ in the table are from the 251-day samples,
germinated within 2 weeks of the same time, dnd are included for
COMPArison.
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Tasre 35.—Effect of artificial drying and relurn to the storage chamber, on viahilily
of seeds stored under different conditions for 8% wmonths !

Qermination of seeds [vam storagoe at —

Geed Drying Tempersture 80° F. Tremperatura 50° F, Mean

treatment permi-

Humid-|Humid-| Humld-| Humid-{Humid-{ Humid-; Bation

ity ity ity iy ity ity
VB per- 66 por- | 44 per- § 81 per- | 88 pee- | 51 per-
eent cent cent cont ceat cont

Fereent) Percenti Pereend] Percent] Pereentl Percent| Pereent
Limn bean- .. {No_nc. e B 6.0 47.0 6L.0 69,0 8.0 8.7
Dried. 5.0 50.3 8.3 550 62.5 613 5, 2
Hidnaey bean. . oooeoe ... {None. a- q B § 02.0 40. 5 0 5 70.9:
Drled. 0 8.3 8.5 88. 4 48. 5 &, 0 728
Bweeb vorn ..o {.\‘ one...- 0 G6. 0 70,0 57.0 0.5 £9.0 5.6
[ Dried. q 58,3 #0. b 519 66.8 68. 5 al1
_{_Ntme.. 88| 78| B1S 8.5| B8L3| 840 714
H Lirfed 4.8 8.5 88. 5 85. 4 B8. 4 853 726
. { 3 8 80. 3 1.0 8.2 4l.6 02,3 745, 5
] 89.3 #1.3 80. 4 92,4 92 B 75.9
v LG B6. 8 B 8 81.8 87.6 9.8 .9
.3 80,6 0, 0 80.4 801 89.1 4.0
{ W T4 2 64.8 6.6 T4L6 5.2
i 1] 36.1 [N G5, ¥ 80.5 81,4 57,2
Spinneh. ce e eeas j ] 63.3 750 63.2 7.3 T8 5.6
|1 Dried. 0 57, & T1.1 §5. 4 70.9 T35 5.8
Tomato. e iiimaiaaaa. ?{ £8, 1 850 1.8 866 90.5 1.4 85.6
: 66, 7 §1.9 03.3 85.2 1.1 923 BS. O

! Nondried sampiles were the small lots removed ot 251 days. Dried samplea were Irom bags remaved
at about 200 dﬂ[.!):s. N
1 Migimum differences required for significance between values are spproximately 5 perecnt,

The results in table 35 show that the different kinds of seeds de-
teriorated about the same over a period of 251 to 266 days when they
had been removed and dried 2 to 4 percent and returned to the original
condition at 24 to,87 days as when they remained continuous?y in
the given storage condition. Lima bean from the high-humidity
high-temperature chamber and sweet corn from the low-humidity
high-temperature chamber showed a marked decrease of viability
after drying, but, as shown in table 31, both these seeds from these
storage conditions had shown injury when tested immediately after
drying.

It i1s probable that the comparatively small amount of moisture
removed by drying was regained quickly on return of the seeds to the

TanLe 36— Analysis of variance of data for tablz 35

Dat:‘:fga%mcz?: fand Data for small seeds
Source of varintion
Deayrees of Mean Degrees of Mean

freedom Brjuare freedom square
Tota) 08 10481 383 1,194
Between storage Jol8. .. . i i aas 7] 111,£33.8 7 150, 110, 7
Between drying temperatures. _ - i 1.8 1
Between speeies ... ___..__ 2 L4, 4044 5 7110,310.4
Storage X drying. T 1374 7 1322
Storage X specles___...__._ 14 13d4.0 3| 11,4070
Drying ¥ ' . 2 1758 3 1 GB. B
Storage ¥ drying X species 14 4.4 35 1212
Remaeinder {error) - 43 JEN 288 124

1 Bignificnnt with relorence to error by odds of niore than 100 to 1.
1 Bignificant with referenca to arror by odds of more than 19 to 1 but less than 100 to 1.
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humidity chambers, so that one could hardly expect to observe a
difference in viability after the period of 5 to 7% months involved.

It would appenr that a beneficial effect from drying seeds can be
obtained only if the seeds ean be kept dry subsequently.

A detailed variance analysis of results on these dried seeds is pre.

sented in table 36,
DISCUSSION

This experiment was planned to show tiie effect of different humidi-
ties of the air and different temperatures on the moisture content of
seeds and on their rate of deterioration over short periods. Although
the control of humidity was not so close as had been anticipated, the
results do show the moisture content attained by seeds within the
recorded range of humidity and the changes in germination as related
to the moisture conftent.

It may be assumed that, at a given tempersture, the moisture con-
tent of the seed determines its longevity. However, the moisture
content of the seed depends on the humidity of the surrounding
air; therefore it is very irnportant o know the amount of change to
be expected in the moisture content of different kinds of seeds exposed
to air of different relative humidities. Examination of table 6 and
figure 2 shows clearly that the different kinds of seeds attained
different moisture contents af & given humidity of the air and also
that the rate of change with increase of humidity was very different.
Peanut had the lowest moisture content for & given humidity of any
kind of seed tested, and the rate of change in moisture content wit
increasing humidity was the least. Kidney bean changed the most
in moisture content with mereasing humidity and also reached the
hichest moisture content at high humidity. Cabhage and tomafo
showed 2 rate of change of moisture content with humidity only
slightly greater than peanut, but st eny given humidity the moistura
content was higher.

In this experiment, for any one species there was g reasonably uni-
form rate of change of moisture content over the range of humidities
tested. Coleman and Fellows (f) and Humphries snd Hurst (11}
found a rapid increase in the rate of moisture content as the relative
huzaidity approached 100 percent. However, thelr results for the
range of humidities used in the present experiment {roughly 44 to
80 percent} are very similar to those reported here,

en seed was exposed freely to the air, as in this experiment, its
moisture content changed very rapidly with changes in humidity of
the air. In bulk storage the rate of change will undoubtedly depend
largely on the rate of movement of air through the bulk of seeds.
However, the ultimate moisture eontent attained at any certain hu-
midity will probably be as shown in the tables and figures. This is
further indicated by the moisture contents of tha seeds in bags when
removed for dehydration; the moisture content of these seeds in 2-kg.
lots was very similar to samples in small cans under the same condi-
flons,

The deterioration of any one kind of seed at one temperature was, in
general, proportional to the humidity of storage or to the moisturse
content of the seed. However, the different kinds of seeds responded
very differently to any specific humidity level or moisture content of
the seed and to temperature of storage.
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The total time of storage in this experiment was too short for de-
terioration to appear under all conditions, but the results show the
comparative hehavior of different kinds of seeds and the ranges of
moisture and temperature that are unfavorable for safe storage of
seeds for short periods.

Tomato was the most tolerant of high humidity and high tempera-
fure of the kinds tested, and beet was next. Tomato showed a small
but significant loss in & comparatively short time, while beet showed
no significant loss until 110 days but fell in germination rapidly there-
after and was much lower in germination than tomato at 251 days.
Since the beet ball contains much spongy inert matter surrounding
If;ille true seeds, the actual moisture changes in the seed itself are not

NOWN,

Carrot also was comparatively resistant, considering the moisture
content of the seed; bub here again there is no knowledge of the
moisture changes in the small, active embryo, which is enclosed by
the horny reserve material.

The two kinds of bean showed comparatively little loss of germina-
tion, considering the high moisture content attained at high relative
humidity. _

Cabbage was comparatively resistant. Although at 110 days the
loss of germination of spinach was greater than that of cabbage or
tomato for comparable humidities, for comparable moisture content
of the seed the loss was similar.

Onion was very sensitive to high humidity snd high temperature,
which may be related to the higher moisture content of the onion
seed than of cabbage or tomato. On the othier hand, the loss of
germination of peanut was comparable to that of onion for & given
humidity and temperature, although the moisture content of the seed
was much lower. Sweet corn showed a serious loss of germination at
high humidity and high temperature, even though the moisture
content of approximately 13 percent is not usually considered too
high for safe storage of this kind of seed at lower temperature.

Tn a proxima.teTy 4% months between the 110-day and 251-day
tests all kinds of seeds deteriorated markedly in storage st 78 percent
humidity and at 80°F. Only tomato retained even a fair germination,
but the rate of germination and the vigor of seedlings was much re-
dueed. Under the other controlled conditions losses during this
period were not marked and were significant only for onion and peanut
at 66 percent humidity at 80° ¥. and for peanut at 78 percent humidity
at 50°.

The germination of seeds stored in bags for dehydration studies was
quite comparable to those stored in small cans for comparable periods.

The close agreement of tests conducted as the seeds were removed
from the storage treatments with tests on the same samples held at
32° F., several months after removal from the treatments, indicates
that deterioration can be not only prevented but stopped by low
temperatures. In the comparable samples held in small bulks In the
comparatively dry air of the laboratory, deterioration was evident
only in those samples that had been weakened by the previous storage
conditions.

Itis evident that the germination response of different kinds of seeds
8t a given humidity and temperature depends on both the seed’s mois-
ture content and its inherent nature. The moisture content of the
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active tissues of the growing regions and their chemieal composition
should be considered rather than the moisture and composition of the
entire seed. _

Duvel (8) has shown results rather similar to those for eabbage,
onion, tomato, and sweet corn, and the actual losses for comparable
moisture content and temperature were similar.

Barton (2) worked ou carrot, onion, and tomato, included in the
present study, together with other vegetable seeds. Seeds that had
maintained a high viability after 6 years’ storage under dry conditions
fell markedly in germination when removed to chambers with 93
percent humidity at 25° €. and 35° for 2 weeks to 3 months. Also.
onion seed stored over saturated salt solutions caleulated to give a
series of relative humidities was practically dead after 1 month at
90 percent humidity and 25° C. and after 3 months at 70 percent
humidity at the same temperature. When stored at 50 percent
humidity there was no significant loss in 3 months at either 25° or 30°.

Beattie and associates {4) did not find a definite effect of temperature
of storage on viability of peanut, but their highest temperature
was 70° F. Although they did not determine the moisture content,
it is probable that it was lower than would be expected to show
deterioration at 70°. It should be noted that in the present experi-
ment the peanuts were sheiled. Beattie and associates found that
peanuts kept better unshelled than shelled.

Most of the kinds of seeds used in this experiment showed a signifi-
cant fall in germination in 1 month or less when stored at 80° F. and
at approximately 80 percent relative humidity, conditions that are
not at all unusual in summer and early fall in the coastal growing
sections. However, at the same temperature, but at a low humidity
where the moisture was maintained at 8§ percent or less, most kinds
of seeds did not fall seriously in germination in the first 110 days of
the experiment, and only lima bean, onion, and peanut in 251 days.
Also, even at high humidity, there usually was no serious loss if
storage was at 50°. It would seem, then, that the serious losses that
often occur from rapid loss of germination can be obviated either
by drving the seeds and keeping them dry or by holding them at a
low temperature.

If cold storage is used, it must be remembered that seeds having a
high moisture content will deteriorate in a comparatively few days
when removed from cold storage to high summer temperatures, and
that if the relative humidity of the cold-storage room is high, the seeds
will develop just as high or a higher moisture content than at an equal
relative humidity at a higher temperature.

At high humidity (mean 78 percent} and high temperature {80° F.)
a significant loss of germination was found in 10 days for cabbage and
onion; in 20 days for sweet corn, spinach, tomato, and peanut; in
30 davs for earrot; in 40 days for kidney bean; in 80 days for lima bean.
Beet was the only kind that did not lose significantly in germination
over the 110-day period; however, it was practically all dead at 251
days.

SUMMARY AND CONCLUSIONS
Ten kinds of vegetable seeds—lima bean, kidney hean, sweet corn,

peanut {shelled}, beet. spinach, cabbage, carrot, onion, and tomato—
were stored in small containers at 80° and 50° F., and at three differ-
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ent humidities at each tempernture, approximately 44 and 51 per-
cent, 66 percent, and 78 and 81 percent. Moisture determinations
and germination tests were made at 10-day intervals. At various
times during the experiment, seed was removed and dried rapidly at
approximately 150° and 120°, and moisture determinations and ger-
mination tes‘s were made.

It was found difficult to control the high and low humidities as
closely as desired.

The moisture econtent of the seeds reached equilibrium in about 20
days for the smaller seeds and in 20 to 40 days for the larger seeds.
The mean moisture content of the seeds stored at high humidity varied
from about § percent for peanut to 15 percent or above for lima bean,
kidnev bean, and beet. At low humidity the mean moisture content
at both temperatures varied from approximately 5 percent for peanut
to approximately 10 percent for lima bean.

The mean moisture content of the seeds was correlated more elosely
with the air condition expressed as relative humidity than with any
other method of expression.

There was a tendency for a higher moisture content at a given reln-
tive humidity at 50° than at 80° ¥,, and this difference was statis-
tically significant for spinach, kidney bean, carrot, tomato, and sweet
corn.

At higi humidity and high temperature at the end of 110 days, the
germination of onion and peanut had fallen to zero, of spinach and
sweet corn to 25 percent or less. Of the others, only beet and tomato
maintained & germination of above 70 percent. At 231 days, lima
bean germinated 26 percent, beet 9 percent, and tomato 68 percent.
All others were zero to 1 percent.

At low humidity {51 percent) and low temperature (50° F.), only
kidney bean and sweet corn had fallen significantly in germination
by the end of 251 days.

In warehouse storage, deterioration was, in general, comparable
with that at 66 percent relative humidity at 80° F., although in some
cases, notably onion, the fall in germination was even more rapid in
the warehouse.

Among different kinds of seed, the deterioration at high temperature
was not always correlated with the relative moisture-absorbing capac-
ity of the seeds.

Seeds from the several storage conditions deseribed were removed
and germinated at intervals of 10 to 110 days, and portions were
stored at 32° F. and 60 percent humidity. Upon germination of the
Intter 6 to 9 months later, no deterioration at 32° storage could be
definitely detected.

The moisture content could be reduced 4 to 5 percent by heating
the seed from the high-humidity chambers in moving air at tempera-
tures of 120° and 150° F. The time required varied from one-half
irour for the smaller seeds to 3 hours for the beans.

Deliydration of the larger seeds for approximately 3 hours at 150°
F. damaged viability, especially if the seeds had been injured by pre-
vious storage conditions. Peanut was especially susceptible to
injury by heating, The smaller seeds, dried for shorter periods,
showed no injury as a result of heating.

Seeds from the dehydration studies were stored in the laboratory
as well as at 32° F. When germinated after 6 to 8 months in the
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laboratory, onion showed marked loss of germination following all
previous storage conditions; cabbage, carrot, and spinach showed
serious loss only following previous storage at high humidity and high
temperature; beet and tomato did not show significant loss in the
laboratory following any previous storage condition,
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ADDENDUM

At the time this bulletin was written (May 10939) there remained
residues from the bag storage of seed that had been dehydrated and
returned to the original storage condition and also undried seed from
the medium snd Iow humidities. In warchouse storage there re-
mained only wndried seed in bags. After 426 days’ storage these
secds were tested for germinution (while this bulletin was in press).
The results are summmarized in table 37.
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TavLE 37.— Effect of slorage for 426 days under different conditions on viability of

seeds
Germinntion of seeds stored at eonditions shown 1 Approxi-
e Ty
1 | minimuin
Tempersiire 80° F, | Toemperature 50° F, i ditferenee
Sead : or sig-

[ ] o e R . Ware- i nifleance
Humid- | Humid-  1wmid- ; Hoinid- - Humid- { Humid- * house | (exeept
ity 78 % Uy 68 © itydd  Jy 8L : dtyes ! oy s o Wirs-
percent . percent ! opereent ! percent o percent » percent ¢ » hotpse}?
b ! ! '

Percent | Percend
3

Perceng { Percent | Percent  Percent i Pereent
.0 x 3 2

Pereend
Limn bean .. 0 B0, T2 4. 69.2 . 2, 5.5
Kidney bean. 0 | s 21 a0 9Zi. @23 80 s
Swect corh o | el 2 Bl 8057 SLSY g3 10
Peanut . .. e 525 . | $1.30 B3l 10 12.0
Beer .. 0 87T X sl 2| %8 B85 4.0
Cnbbage . .. 0 58.0 2f ot 0ng 922! W5 2.8
Carrot I 1] 8.7 L oG, 2 .8 3.5 a5
Omnion_. ... 0 5.8 ¢ 8.2, 75.1 g.21 L8 i35
Spinnch. .. ..... 0 .71 T 70.7 7.0 21.9 1.0
Tamaie. .. n oo L2 .3 | 0| w05 925 80.0 30

|

1 Sea text for detnlls of treatment of samples,

* Since the velues for worchouse storage are based on sinller numbers, approximately K-pereent larger
difference s required for signifieance in comparing these values with those for the other conditions (excopt
peanut, where all values are based on 400 seeds).

Because there was no significant ditfference between germination of
the seed dried at the two temperatures and returned to the original
storage condition and the seed that had not been dried, the results
from these three drying treatments were combined for each stornge
condition. For peanut, only undried seed wus available. The ger-
mination percentages given in the table are based, for all warehouse
storage, on 400 seeds; for peanut at all conditions, on 400 seeds: for
beans, except warehouse, on 800 seeds; for seeds at high humidity,
on 1,600 seeds; for all other kinds and conditions, on 1,200 seeds.

The results in table 37 should be studied in comparison with tables
35and 28. At 80° F. and 78 percent humidity, all kinds of seed except
lima bean and tomato were practically dead at 251 days; at 426 days
there was no sign of life w any kind except tomato, and this seed was
of no value. At the other controlled conditions there was no definite
fall of germination between 251 and 426 days, except for onion and
spinach at medium humidity, high temperature, and at high humidity,
low temperature, and a slight fall for tomato at these same conditions.
Under warehouse storage, peanut, onion, and spinach fell appre-
cinbly in germination between 251 and 428 days’ storage.

The vesults of these Iater tests do not change, but give additional
emphasis to, the conclusions of this bulletin.
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