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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

" DORMANCY IN LETTUCE SEED AND SOME FAC-
TORS INFLUENCING ITS GERMINATION!

By Ross C. Tuoupson, associate harticulfurist, Division of Fruil and Vegetuble
Crops and Diseases, Bureau of Plunt T nduslry
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INTRODUCTION

BEPOST v

The seed of some varietics of lettuce are known to germinate poorly

under conditions generally considered to be satisfactory for lettuce.
Seed of different varieties and different lots of seed of the same variety
differ greatly in their ability to germinate at temperatures above 20°
C. It has been pointed out by Thompson (71)* that the variety Hub-
“bard Market consistently produces some seed very difficul to germi-
‘nate at high temperatures and that the variety li)trzeberg seldom pro-
- duces seed adversely sensitive to temperatures ss high as 20° to 30°.
. These- two varieties appear to represent extremes in respect to the
- response to temperature of the seed during germination. Other varie.
ties behave in a manner somewhere between these two.
" Thompson has observed that the variety Iceberg, which seldom vro-
_duces dormant seed, is a very low yielder of seed ae compared with the
varietfes Hubbard Market and Grand Rapids, which consistently pro-
duce dormant seed.
For want of a better term, seed that will not germinate in darkness
et a comstant temperature of 25° C. without some special treatment
.-are referred to throughout this discussion ns dormant, Since the
".germination of such seed is benefited by exposure tc certain light rays
> "while moist, it has been suggested (3) that they be designated as
“light-sensitive.” Tt will be shown later that temperature 1s perhaps
o more important factor than light in breaking this dormant condition.
The term “tem:-erature-sensitive’ would perhaps be more generally
applicable than yght-sensitive as applied to such seed. Since the
germination of such seed depends on the control of a number of factors,
I Submitied for publication April 5, 1934, 1
tTtalic nutnbers in parentheses refer to Literature Cited, p 20.
86307°—38—1




2 TECHNICAL BULLETIN 654, U. 8. DEPT. OF AGRICULTURE

including temperature, light, aeration, moisture, and other environ-
mentsl factors, the general term “dormancy” seems the most
safisfactory.

In some cases wherein dormancy is not difficult to break, it may
disappear after a few weeks or months in storage at room tempera-
tures to the extent that satisfuctory germination may result. It will
be shown later that in some lots of seed this dormant condition may
continue to some extent for very long periods of storage.

I sueh seced is to be planted soon after harvest the percentage of
germination may be very low unless the sced is given some special
trestment to breek the dorment condition.

The question arises a8 to how such seed can be treated to insure sat-
isfactory germination where it is necessary fo plant lettuce seed when
the soil and air temperatures are high. A number of investigators
have studied this probiem fr n the viewpoint of devising methods of
treating dormant seed to make it germinate.

Larson, Gilbert, and Ure (?) advise sonking the seed in water for 6
hours and then exposing it to diffused light at 23° C. They were
among the first to recognize ihe beneficial influence of light in the
germination of lettuce seed.

Davis (2) found absorbent cotton to be a better medium than blot-
ting paper for the germination of lettuce seed. The advantage of
the cotton was attributed to the better neration afforded.

1Iopkins (6) found that presoaking the seed in water at 20° C. for 2
hours previous to testing was the best method of inducing germina-
tion. Borthwick and Robbins ({) recommzuded prechilling of moist
seed for 5 days at n temperature around 4 C. Shuck {8) concluded
that exposure of moist seed to light at a {emperature of 15° to 18°
provides the best condition for germination of lettuce seed of all ages.

Flint (8) found the longer wave lengths of the visibie spectrum-—red,
orange, and vellow--most effective in promoting germination. Flint
and McAlister (4) reported that hight rays in the region of 7,600 ang-
strom units and in the region between 4,200 and 5,200 A. have &n
inhibiting cflect on germination of some lettuce seed. Flint and Mc-
Alister () presented cvidence to show that the eritical wave length
for the promotion: of lettuce seed is approximately 6,760 A.

Thornton ({2) reported that dormant lettuce seed may be mads to
germinate in both light and darkness at & temperature of 35° C. in an
atmosphere contaimng from 40 to 80 percent of carbon dioxide.

\ost of the investizations so {ar reported have dealt with treat~
ments intended for Inboratory seed-testing practices where the seed
is germinated immediately following the treatment or trented during
the germination period.

Borthwick and Robbins (1) fonnd that secd which had been held in a
moist condition ot 4° C. for & days would give a fairly high percentage
of germination when planted in soil having & maximum temperature
of 30° or above for 6 to 7 hours during the warinest pars of the day.
Seed not so trested germinated very poorly.

The results reported by Shuck (9) show that moist seed exposed to
light may, under certain conditions, give t high percentage of germina-
tion after being dried. However, Lie observed wide varintion in this
response among different lots of light-treated seed. The writer has
found that promiscuous soaking of lettuce seed. exposing it to the
light and then drying, is a very uncertain means of inducing germina-
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tion following drying. It was observed that such a procedure neg-
lected some important factors then unknown and that careful control
of certain factors must be observed before the method could be used as
@ practicel treatment for seed to be planted at some later date.

The investigations herein reported were made for the purpose of
developing and standardizing a method of seed trestment that would
increase germination of dormant lettuce seed which had been dried
following the treatment, thus peimitting its use in practical field plant-
ing. Prompt and complete germination of freshj)y harvested lots of
seed is of particular importance in breeding and genetic studies being
condueted by the writer. No attempt has been made here to develop
methods intended for laboratory seed testing where the treatment is
given during germination or where the seed is immediately transferred
to the germinating medium after treatment and while still moist.

The percentage germination figures shown in the tables are means of
quadruplicate determinations. The magnitudes of differences between
treatments required for significance were calculated as twice the
standard error of the difference between means; this latter was derived
from the remainder error obt:ined by analysis of variance.

A seed trentment to be applieable for field culture must permit dry-
ing of the seed sufficiently to allow handling in a mechanical seeder
without injury.

EXPERIMENTAL RESULTS

RELATION OF AGE OF SEED TO DORMANCY

It is generally believed that dormeney in lettuce seed is o condition
that is corrected by a short period of storage st room temperature.
This holds true for some lots of lettuce seed showing dormancy imme-
diately after harvest. The studies made in these investizations show
that dormancy exists in different degrees in different Tots of seed.
This may vary from only slightly dormant seed that will reach almost
100-percent germination afier a short period of storage to very dor-
mant seed that may germinate not over 50 percent after 18 manths in
stor%ge, if germination is carried out in darkness at temperatures above
25° C.

Seed from five lettuce plants of the variety Hubbard Market was
tested for germination in darkness at 25° C. 2 weeks after harvest in
August 1935. At that time the seed from each of the five plants was
100-percent dormant. A similar test was made on these same lots of
seed in February 1937, 18 months after harvest, and they were still
about 50-percent dormant when germinated in darkness at 23°.
That the seed was still viable was shown by the high percentage of
germination obtained under the same conditions following treatment
for the breaking of Jo—nancy. In treating, the seed wassoaked in tap
water for 2 hours as 10°, exposed to diffused light on damp muslin for
2 hours at 20°, then slowly dried on damp muslin in an icebox at 10°.
The results of these tests are given in table 1.

It is doubtful whether seed as dormant as these lots of Hubbard
Market will come out of dorma:cy entirely in storage befora the seed
begins to lose its viability from age. Numerous other lots of Hub-
bard Market and Grand Rapids lettuce seed have shown a high
percentage of dermancy after long periods in storage.
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TapLE l~-Effect of ireatment on germination of Hubbard Markel leftuce seed 18
months old

Seeds permainating ! Seeds germioating ¢
Treatment and plant Na. Treatment and plant Wo,  {—
Wumber j Percant wumber | Percent
Treated;?
P} 50.0 RSP 43 6.4
45 52.0 2 50 101
2 58,0 b T 47 w0
23 46,0 A e ceimam—aa——— 43 6.0
20 40.0 5 40 §3.0
R T e 40.2 AR e s I_ _________ 94.8

1 After 72 hours in darkness ak 85° O, {50 seeds). i
2 Soaked 2 honrs in water nt 10° O, Exposed to diffused light 2 hours, then dried slowly at 109,

INFLUENCE OF LIGHT AND TEMPERATURE ON THE GERMINATION OF DORMANT
LETTUCE SEED

The tests in the studies on influence of light and temperature on
zermination were made on samples {rom a single lot of seed (approx-
imately one-quarter of a pound), which was harvested from 10 plants
of the variety Grand Rapids. After harvesting and cleaning, the
seed was thoroughly mixed, and the tests were made at three dif-
ferent temperatures in darkness. Kach test sample consisted of 100
secds. Similar lots of 100 seeds each of the variety Ieeberg were ger-
minated under the same conditions. Seed of this variety was used
to dete:mine the comparative response of dormant and nondormant
lettuce seed at the three temperatures. Since it was known that the
seed of Iceberg will generally germinate at a higher temperature than
most varieties, it was thought that the relative response of the seed
of these two varieties would indicate the degrec of dormancy of the
Grend Rapids seed used in the tests.

The seed of the two varieties was germinated on wet muslin in
95-mm Petri dishes. Germination was carried out in a commerczial
seed germinator in darkness at 10°, 25° and 30° C. The counts
were made at the end of 96 hours. The results of these comparative
tests are given in table 2.

TanLe 2.—Effect of temperaiure on germination of dormant (rand Raptds and non-
darmant Tceberg lelluce seed afier 36 Rours in darkness

Germination of 100 seeds CGermination af 100 seed
at— nt—
Varlety Variety
}
16*C. | 287, | 30° C. wee. 0L e
i i
Percenti Prreent| Fercent Pereent, Percent Percent
100 1 100 o0 Orand Raplds a% 3 1]
100 | 08 05 Do
100 | 100 a7
100 | 100 L)
100 | 9450 0. 75 Average___________ | 7 3,50 0

These results indicated that the Grand Rapids seed was highly
dormant and satisfactory materizl for study. This lot of Grand
Rapids seed was then used in conducting the following series of tests
to show the influence of light and temperature on the germination.

L
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Before these tests were made, however, the treated samples were
thoroughly dried and stored for a period of 2 to 3 weeks.

SERIES 1

Series 1 consisted of 10 samples of dormant Grand Rapids seed,
including an untreated check. The trented lots were held in water
in darkness at 5° C. for periods of from 1 to 72 hours. After the
preliminary soaking, each sample was exposed to diffused light
several hours and dried at temperatures of 25° or 35°. The results
of the germination tests are given in table 3. (ermination was stim-
ulated by sll of the treatments except Nos. 1 and 9, which were dried
rapidly following the preliminary soaking. While most of the treat-
ments had a significant stimulating effect on germination, the per-
centage was very low. Sample No. 3 gave the highest germination,
with 44 percent. Samples Nos. 3, 5, and 7, which were exposed to
diffused light while drying at 25°, germinaied better then the lots
that were dried at 35°,

TasLE 3.-—Germination of Grand Rapids lettuce seed {series 1) held in water in dark-
ness at 6° C. for various lengths of time and dried in diffused Lght at kigh lempera-
fure

Treatment following soeking Seed ger-

mfinat_?d

Temper- after 72

Rate of datulra é‘:fkr:a?s
uring

drying at 257 Ot

Time of

Bampie No. soaking

Drying medinm

° o

g
5

Dry filter pajer
Dur:ai [+ musiin

wnBBRERIE.

t A percentage difference of 7.54 s required to show significance between treatments.

SERIES 2

Seven samples, including & check, were tested in series 2. The
treated samples were held on wet musiin in darkness at 5° C. for
from 3 to 7 days. Previous to drying, these samples were held moist
at about 4° for & few days, similar to the manner reported by Borth-
wick and Robbins () to be effective in inducing germination of
dormant lettuce seed. The samples were treated differently during
drying. The results are given in table 4.

The exposure of samples Nos. 5 and 6 to light at temperatures of
27° and 30° C. did not inerease the germination above that of samples 1
and 2, which were not exposed to light. While all of the trentments
resulted in a very great Increase in germination over the untreated
check, samples Nos. 8 and 4, which were dried at 10° without light
exposure, alone could be considered satisfactory. Dried at 10° they
gave a significant inerease in germination over samples Nos. I and 2

“held at 5° until dry.
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TasLs 4.—Germinalion of Grand Rafm‘s leltuce seed (series 2) held on wetl muslin in
derkness af 5° C. for 3 to 7 days, then dried under various conditions of light and
temperainre

Seed
germi-
Time on ??Btc%

wat - f , nfter
mustiz Conditions during dryiog hoursin

&t 5° C. dark-
ness ab
EEC

Sample No.

Days Pereent

en=1tnente
=
o
&
=Y
g
(=N
g
=
-1
I3
&
=
o
-
=)
]
3
5
=
=
-
=
=
o
o
-
=
&
n
E
&

Drled on damp muslin in Jlffusad light at 27°__
Dried on damp muslin in diffused light at 30°

)
Untreated cheek

| A percentage difference of 4.86 is reruired to show significance between treatments,
SERIES 1

Ten lots of seed, including & check sample, were included in series
3. The treated lots were soaked in tap water in darkness at 5° C.
for from 1 hour to 8 days. Following the soaking in water, each lot
was given different light and temperature treatments. However, all
lots were dried at relatively low temperatures as compared with those
in series 1. The results from series 3 are presented in table 5. A
high percentage of germination resulted from all of the treatments.
Sogking for as long as 8 days did not reduce the effectiveness of the
postsoaking treatments.

TABLE 5.—Germination of Grond Rapide letfuce seed (seriez 5) held in fap water in
darkness at 5° C. for vartous lengths of lime, then exposed to diffused light and dried
at low lemperatures

Sead
germi-
Time of e
€ 0 - aiter T
Bample No. sosking Treatment after soaking hoursin
dark-
0ess at
250 ¢
Hours Pereent
1 En‘tjpgsed to diffused jight on damp mosiin at 22° for § mingtes; 7.0
ried slowly on damp muslin io dark at 10°.
2 | Bxposed to diffused light on dam &muslm at 18“ {or 10 minutas; 8.0
dried slow] on dsrng miusiin In dark at 10°
- 3 | Exposed tod t on ¢amp muslin at 2° for 214 hours; 90.0
dried slowlsr 0n dsmp muslis io dark st 10°.
e e 14 Eﬁposed to diffused light on damp muslin at "25% for 2 bours; )]
tied slowly on damp muslin in dark at 10°,
PR 24 ) Dried Jowly on damp musiin lo difused light at 189 5.0
[ S 24 | Exposad to diffusad light on damp muskin at 22° for 15 min. 97.0
utes; dried slowly oo damp muslio in dark at 10°.
T e immmmmm e m—————— 72 | Dried slowly on clamP mosin in diffusec lightat 18°. ... 87.0
. T 72 | Expesed to dlffused llght oo damp muslin st 18° for 10 min- 5.0
utes; dried slewly on damp muslin in dark ab 10°,
B e ——— 192 Exposed ta diffused 1lght on damp musin st 16° for 15 min- 8.0
utes; dried slawly on damp wuslin in dark at 10%,
10 (ontreated check) .| oo e e e e e e mr v emrmmmm e —m——————————— 55

! A percenlage difference of 3.48 is required to show significance between teeatments.
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The germination percentages in series 3 are in striking contrast
with those obtained in series 1. Exposure to light and drying at tem-
peratures above 25° C. were much less effective in promoting %er-
mination then exposure and drying at lower temperatures. All of
the samples were stored for 2 weeks following trestment and before
testing.

SERIES 4

Series 4 comprised eight samples that were presosked in tap water
in darkness ab 10° C. for periods of 2, 4, and 24 hours. After being
soaked, the seed was removed from the water and each sample was
given a different treatment as to temperature, exposure fo light, and
rate of drying. All of the treated samples were then stored for 2
weeks at room temperature before making the germination tests.
The results from series 4 are given in table 6.

TaprLe 6.—Germination of dormant Grand Rapids leliuce seed (series 4) held in water
in darkness uf 10° C., then given various irealments

Baﬁ:ﬂple ‘Treatroent after soaklog

Houry
| Seed held on wet musiin in the dark at 20° for § hours; drled slowly tn the
dark on damp musiin st 10°,
) S Seed beid on wet mustio fo ¢iflused lHght at 20° for 3% hours; dried slow!y in
diffused light at 20°,
- T Seed held on wet muslin in diflused dght at 20° for 334 hours; dred siowly in
difusad red light at 20°.
Beood held on damp musiln in the dark at 10° for 1T bours; dried alowly in
diffused llght at 20°,
wly io the dark at 10°
Dripd rapldiy in diffused light st 30°
Saad held on damp muslln {o the dark at 10° for 24 bhours; dried slowly in the
dark at 257,
- S Driad siowly in diffused Hght at 20°_ R

} A percentage difference of 5.28 is required to sbow slgnificance between trpatments.

All but one sample, No. 6, gave a high percentage of germination.
The low percentage in this case is attributed to the rapid drying at
30° C. 1t is assumed that this rapid drying, or the high temperature
at which the seed was dried, or both, prevented breaking of dormency
or induced a return to the dormant condition. The high percentage
of germination of samples Nos. 1 and 5, which were never exposed to
light, indicutes that temperature is an important factor in the ger-
mination of such seed.

BERIES §

The germination date from series 5, which consisted of eight samples
including an untreated check, are given in table 7. In this series the
seed was presosked in tap water in darkness for 4 days at 10° Q.
Following the soaking, each sample was given a different treatment, as
in the previous series. The check lots averaged 4-percent germination.
All of the treatments resulted in very marked increase in germination.
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In samples Nos. 2, 3, and 4, which were exposed to light and dried at
temperatures below 30° following the soaking, there was very high ger-
mination. Sample No. 1, which was dried rapidly at 25° and
samples Nos. 5, 6, and 7, which were dried at 30°, gave much lower
percentages than Nos. 2, 3, and 4.  The rapid drying of sample No. 1
and the high temperature at which Nos. 5, 6, and 7 were exposed to
licht and dried appear to have reduced the percentage as compared
with slower drying at lewer temnperatures.

TasLE T.—Germination of dormant Grand Rapids leltuce seed (series 5} preseaked in
toafer in darkness ot 10° C. for 4 days

Zoad
germi-
nated
after 72
hours in
dark-
ness at
5° ol

Sample No. Trestment after sonklog

Dried ragidly in diffused dght nt 25°

Seett held on wet paper in diffused light &t 25° for I hour; dried slowiy o
dilfnsed light st 35°,

Seed heltd on wet paper in bright sunlight for t hour; dried slowly in dif
fused Hht st 25°,

Seed helt on wot paper In diffused light at 27° for 1 hour; dried slowiy in
diffused ght at 27°

Seed heid on wot pager in foll sunlight ai 30° for 1 hour; dried slowiy in
diffused light at 30°.

.| Seed held on wat paper in Bright sunlight for 10 minutes at 36°; drled slowty
in oliffusad light at 307,

Seet held oo wet muslin in diffused fight at 30° for 3 hours; dried slowly in
diftused Hght st 30°.

& (unireated cheek) .

T percentags difference of 6.15 1s requlred io show significance between treatments.

Soaking as long as 4 days did not reduce the effectiveness of the
postsoaking treatments where the exposure to light was at a temper-
ature below 3¢° C. and the drying not too rapid.

SERIES &

Series 6 consisted of six samples presoaked in tap water in darkness
at 30° C. for 2 and 4 hours. As in the previous series, cach sample
was treated differently following soaking. The results of series 6 are
presented in table 8. Only one sample, No. 6, gave good germina-
tion. This sample was exposed to light for 5 minutes at 20° and dried
slowly on damp muslin in darkness at 10°. The poor germination of
most of the samples in this series indicates the injurious effect of
soaking and drying at high temperature. Sample No. 4, which was
exposed to diffused light for 24 hours at 32°, gave only 1-percent

ermination. The high temperature and the poor aeration resulting
rom the saturated atmosphere in this ~use apparently prevented the
breaking of dormancy. The injurious effect of rapid drying at high
temperature is indicated by the low germination of sample No. 3.
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TabLE B.—Germination of dorman! Grand Rapids leituce fram seed samples (series
8) keld in tap waler in darkness at 80° C. for 2 and 4 hours

1

T Npeedd
goriul-
nated
afler 72

hours o
dark-
ness at
ag* o

Time of

soaking Troainent after sonking

Iiours i " Pereent

Sead exposed to direct sunlight for | minuio; dried fn dnrk ot 30°

Scr:doexposad to diffused light for 5 minutes; dried quick!y in diffused lght at 22
)

Dried rapidly In diiTused Night at 82°, Lo e e as

Seed hold on damp muslin in difused light in saturated atmesphere ot 32°
for 24 hours; dried in JilTused light at 32°,

q“ij Ie&(posed to diffused light st 2° for & minutes; dried rapidly In darkness
a

Seerl dried slowly oo damp muslin in derkness ot 10* afior 5 minutes' expo-
sure tu light at 209,

(A

LR~

Y

| S

1 A pereentage diflerence of 7.48 is reyuired ta show significance helween treatments.
SERIES 7

The data presented in table 9 are from scries 7, which consisted of
10 samples, including an untreated check. The treated samples
were presoaked for 18 to 24 hours in darkness at 30° C. The resulta
indicate that prolonged soaking at a temperature as high as 30°
reduces the effectiveness of light, low temperature, and drying in
stimulating germination following drying. Sample No. 3, which was
exposed to diffused light for 3 hours af 20°, gave only 30-percent
germination. Sample “No. 6, which gave on}v 30-percent germina-
tion, indicates that low tempemture is less elfective following sonking
for n long period at 30° than when the temperature (lurmv soal\nw
is somewhat lower.

TaBLE 9. —Germinalinn of dormant Grand RmJ :'u’ s fettrce- w’ed sa myes (zeries 7) held
in lap weler in durkness of 30° (', for {8 aud 24 hours

| Feed
:or.m-
U anted
rafter 72
hoursin
o ogknrk-
ness st
B0

Tima of

Sample Ko, sosking

Treatminnt ofter sonking

Elours Percent

B R, 1% | Seex held on dampmusiinin dark At 30° for 334 hours; dried on + 1

damp muslin at 0% not exposed Lo light. H

1% | Diried slowly in diffused light aLx* |

14 | Seed held on wet musiin Ju dittuserd Inu,hl Bt %7 for 3 hour
dried guickly ln diffused light at 202,

Seed exposed to diffused {lght at ® for 5 minutes; drled in
darknpess at 30°.

Drtied qutickly in darkness nt 30°

Dried In darkness at J0°

Trried slowly In diffused lght in ¢ aLmosplhy

Drried Lo derknszs at 10°; never oxposed to llght

Driad lo Jdiffused light at 20°__

B ...
10 (uttrea

L & percentage difference of 5,30 ls raqulred to show signlflearce belweett treatments.

L8307 —38——2
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BERIES §

The samples in series 8 were given an initial treatment consisting of
long periods of soaking in tap water in darkness at 30° C. Following
the soaking, each lot was treated differently with regard to light
axposure, temperature, and drying. The results of these tests, pre-
sented in table 10, indicate the inhibiting effect of long periods of
soaking at high temperature and the ineffectiveness of light and low
temperature following prolonged soaking at high temperature. In
sample No. 2 the 72 hours in darkness at 10° followed by light expo-
sure was ineffective in breaking dormaney. In sample No. 8, 24
hours’ exposure to diffused light at 30° failed to break dormancy
following the 6 days of soaking in tap water at 30°.

TasLE 10.— Germination of dormani Grand Bapids lettuce seed (series 8) soaked in
tap water in darkenss from £ lo 8 days al 80° C.

Seed
germl-
noted
Treattnent after sosking I;.(:Efrl:.t’ﬁ
dnrk-
ness at
245G

Time of

Sample No. soaking

Percent
Seed held on wat paper In diffused light at 25° for 5 hours; dried a.p
In dilTused light at 25%,
Seed held gn wel pager in dark st 1G° for 72 hours; dried in 2.5
diMizged light at 20°,
Sesut exposed to dliTusad light at 20° for L0 minutes; dried slowly 0
in tha dark at 30°,
Dried in dark at 307 after 5 minutes' axposurs to diffused light.. 1.5
Dirfed {n dilfused Hght &t 2U% e ol 0
Dried in diffused light at 25°_____ . ]
Dirfed {n darkness at 10° 8.0
Seed held op wel muslin in dilfuced light at 30° for 24 howrs; i}
dried in Jiffusaed jight at 32°.
8 (untrested cheek) .. ]

t A percentege differenoe of 2.48 is raquired to show slgnificance between treatroants.

None of the trestments following soaking was effective in breaking
dormancy after the long soaking at 30° C.” In samples Nos. 3, 5, 6,
and 8 the seed was all dormant as compared with 5-percent germina-
tion of the untreated checks.

That the seed in samples Nos. 3, 5, 6, and 8, in series 8, wers not
killed by the treatment was then proved. Treated seed from these
samples, which had been in storage for 1 month, were soanked in water
at 10° C. for 24 hours, then placed on wet paper in Petri dishes in
diffused Light for 48 hours at 20°. At the en(T of this period these
lots gave the germination counts given in table 11. Results with
sample No. 8, which gave 91-percent germination following the second
treatment, indicate that the treatment at high temperature may have
killed a small percentage of the seed.

The results from series 4, 5, and 6 indicats that sosking dormant
lettuce seed in tap water at 30° C. recduces the effectiveness of the
postsonking treatments. Postsoaking treatments were less effective
s the time of soaking at 30° was increased from 2 hours to 4 days,
The holding of moist seed at a temperature of 30° has the same effect
as soaking at the same temperature.
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TanLe 11.—Germination of letluce sead giﬁen a favorable treatmeni following
trealments at high temperalure

[200 seeds in each sample]

Germination after 48 honrs in diffused
Time of] lightat20° C, follov.;lng 24 hours sook-
Sample No origipzll  ing in darkuess at 10

" souk-
ingt

Lotl | Lot2 | Lot3 | Lot4 | Total

Days [ Number| Number| Number| Number| Number
2 A7 47 al 43 182

4 | 50 45 191
W | ] s 193
45 i 182

1 Sea table 10.

Seed samples held in water at 40° C. for several days entered a
dormant condition even more resistant to later exposure to light and
low temperature.

SERIES 9

Flint (8} and Flint and MecAlister {4 and 5) have presented data
on the influence of light quality on the germination of lettuce seed.
Flint found certain light rays in the red portion of the spectrum to
be effective in stimulating germination of some lettuce seed. Flint
end McAlister (4) report rays of 7,600 and 4,200 to 5,200 A. to have
an inhibiting influence on the germination of some lots of lettuce seed.
Flint and MeAlister (5) preseat evidence to show that the critical
wave length of light for promoting germination of lettuce seed is
approximately 6,700 A.

Series 9 of the present studies was designed to determine the
mfluence of light in the red portion of the spectrum as compared with
diffused sunlight in stimulating germination in the dortnant seed
under study. This series consisted of seven samples, including an
untreated check; six of the samples were treated in pairs, one member
of each pair receiving red light and the other diffused sunlight. The
results are presented in table 12,

TasLe 12.—QGermination of dormant Grand Rapids lefiuce seed {series ) recefving
red and white light following soaking in tap water al 20° &6 30° C.

i Seed
Tem- petmi-
| pera- nated
Time of | ture N nfter 72
soaking duri{lg Treatraent aller sonking h"luriin
spRk- dark-
ing ness st
250 0

Sample No.

1 Pereent
Held an wet muslia in difused red light at 20° for S hours: - 98,0
dried slew!y in red light at 209, :

i Held on wer inuslin 1o diMusecd sunlight at 207 for 3 hors; 9.5
i dried slowly ip dilfuzed sunlighe al 20°,
27 1 Held on wet nuslin in diiTused sunlight st 272 for 3 otes; 6.5
| dried in diffused sunlight at 27°.
27 | Held on wer tnnsiin io red Wghe ae 270 for 3 bours; dried 83.0
inred light at 27°,
30 { Held on wet muslio in red light at 30° for 134 houwrs; 0.0
dried In ditfused sunlight at 30°. -
! Hohl on wet muslin in diffused sunlight at 30° for 114 60,4
hours; dried in difused sunlight at 30°,

4.0

! A percetitnge dilference of 11,13 is required to show significance batwesn treatinents.
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Considering differences betweerr red light and sunlight only, it will
be seen that samples Nos. 1 and 2, which were soaked 1n tap water for
& half hour at 20° C,, gave practically the same response. Sample
No. 4, which was exposed to ved light, gave 83-percent germination,
as compared with 67.5 percent for No. 3, which was exposed for 8
hours to diffused sunlight at 27°. Samples Nos. 5 and 6 showed no
significant difference in germination due to the quality of light. The
significant fnet in this series of treatments is the decline in parcentage
of germination as the temperature and time of soaking was increased,
although all of the treatments had a very beneficial influence on
germination.

SERIES 10

Series 10 was designed to determine the effect of long periods of
sonking at high temperature on the effectiveness of red light in stimu-
lating germination. This series consisted of seven samples, including
an untreated check. The treated samples, Nos. 1, 2, and 3, were
soaked in tap water in darkness at 30° C. previous to the light treat-
nient. Treated samples, Nos. 4, 5, and 6, were held on wet muslin
in diffused red light for 5, 20, and 40 hours at 30°. The results are
given in table 13.

TapLe 13.—Germtnation date showing influence of red light on dormant Grand
Rapids tettuce seed (series 10) trealed at 30° O,

’_ Sepd

i germli-

. . | nuted

mfr:ﬁ:,“.ﬁﬂm?x?ﬁw Treatment following sonking or ufter 72
TedUment BxQosurs on wet mushn s l?j:—t;?-_n

Period in tap water

Sample Nu. or on wet muslin

;
|
i |
ress at
l 125 Gl

: " Pereeud

Lirfed !ﬂowlx in dlifased red 6.0
lighL at 20%, :

Exiwed {o diffused sunlieht 4.0

at 307 for 10 minutes bkl

mast e dark BLO30° for 49
howrs; dried in ditTyeod sua- |

! light ot 207, 1

Beeaeeommceeeamesi 8 (8FS 0 B WALEr ann| L 0 eanea .ol Dried slawly In difased pedd |

i t ! light ut §6°, :

i 5heurs on wet muslin.; Blfused ped Hebt ! Dirjed Lin diffused sunlighy 77

1}

o ar e,
[ P N hpltson wet masling
A0 hwwmirs on wet mushing

1 A percentage dferatce of 8,76 [s renuired to show significance belwzen treatinents.,

The disbes in which germination tests were made in red light were
covered with red cellophane No. 300, This product, according to the
company’s spectral uwnalysis, filters out all ight rays below 5,400 A,
and transmits 2 percent at 5,400, 18 percent at 5,300, and 86 percent
at 6,500 A.

Exposure to red light was ineflective in promoting germination in
samples Nos. 1, 2, and 3. In samples Nos. 4, 5, and 6, which were
exposed to red light, the percentage of germination declined with the
increase in time of exposure. The results indicate that holding
dormant lettuce seed for long periods in a moist condition at high
temperature decreases the effectiveness of light in stimulating
germination.
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SERIES 11

Series 11 was designed to test the response of dormant lettuce seed
to various treatments when the seed is germinated in soil. Treat-
ments that had given poor, fair, and good results with seed ger-
minated in Petri dishes in a germinator were used. The treatments
were as follows: Seed was soaked in tap water (1) in diffused light
at 32° C. for 2)% hours and dried slowly in diffused light at 32°; (2)
for 3 hours in diffused light at 18° and dried in diffused light at 18°;
(3) in diffused light at 7° for 2 hours and dried on damp muslin in
darkness at 10°.

' Four seed stocks known to exhibit some degree of dormancy were
selected, and a portion of each was given the above treatments.
Alfter. treating and drying, the seed was stored for 2 weeks before

antimng, .

P Four plantings, of 25 seeds each of both treated and untreated seed
of each stock, were planted in soil in flats. The flats were placed on

& greenhouse bench where the temperature varied from 20° C. at
night to 30° during the warmest part of the day. Germination counts
were made daily after the first seedlings appeared. Only the final
counts made after 9 days are recorded. The germination of the
untreated seed is given as the first four items in table 14; the germina-
tion of the treated lots of the four stocks are given in the lower portion
of the table,

TaBLE l4.—Response of irealed dormant lettuce seed (series 11) when germinated in
soil

Seed

permi-

nated
Send treatment “Jnﬁf;%ri?]
soil at
nN° to
e Ca

Pereend

Check

Soak’ui:'iin tup water in ditfusad lgit at 32° C. jor 234 haurs; dried slowly lo diffused tight i
1 A

Zoaked in top water in diffused light at 18* C\. for 3 hours; dried io dfiused Jight at 152,

Bouked in tap water In diffused light at 77 €, for 2 hours; deisd in the dark at 105 ...

BEIFECEBE BESL5E

WP Gl P e e Sad D et e G T e e R

1 A differenca of 7,10 pereont is required to show signifieinee bolwean trenlments,

The responses to the three treatments were much the same as those
obtained when the seed was germinated in Petri dishes; however, in
most tests in soil the percentage of emergence was less than the
germination percentage m Petri dishes.

Treatment 1 gave very little or no increase in germination over the
untreated seed; treatment 2 gave s very marked increase, although
too low to be considered satisfactory; treatment 3 resulted in much
higher germination than either treatment 1 or 2. However, stock
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No. 3 gave only 36-percent germination under the most favorable
trentment.

The important point in these tests is the increase in germination
of the trested seed as the temperature during the treatment was
decreased. Exposure to light was ineffective when the seed was
treated and dried at high teraperature.

A repetition of these tests in which the seed was planted in soil and
ecovered with muck instead of soil averaged 25-percent higher germina-
tion than when soil was used as & covering for the seed.

Thompson (I0) has presented the results of some investigations
showing that soil texture and methods of watering may have o marked
influence on the germination of lettuce seed. There 18 no dc bt that
many cases of fatlure of lettuce seed to germinate under fiel\; condi-
tions may be traced to soil, moisture, and aeration, rather than to
dormancy of the seed. Soil aeration is a very important factor in
the germination of lettuce seed even though it shows no tendency to
dormancy in laboratory tests.

GERMINATION OF DORMANT LETTUCE SEEI} AS AFFECTED BY CONSTANT AND
FLUCTUATING TEMPERATURES

The data already presented indicate that temperature is one of the
most important factors influencing the germination of dormant
lettuce seed. In order to determine the Influence of temperature
alone on the germination of such seed, a number of tests were made
in which the temperature was varied while other factors were kept
as nearly constant as possible.

Five stocks of seed were selected for these tests. Stocks Nos. 1
and 2 were from lots of the variety Grand Rapids, and Nos. 3 and 4
were of the variety Hubbard Market. These four stocks were all
known from previous tests to show some degree of dormancy. Stock
No. 5 was from the variety Iceberg and was known to exhibit no
tendency to dermancy.

The germination tests were made on damp muslin in 95-mm Petri
dishes. One hundred seeds were used in each test. The percentage
figures in table 15 are averages from 4 dishes of 25 seeds each. Each
stock was germinated at constant temperatures of 10°, 22°, 25%, and
30° (. to determine the germination response of each at various
constant temperatures.

After determining the germination response at constant tempera-
tures, each stock was germinated under conditions in which the
temperature was varied during the germinating period. In one
series the germination was started at high temperature and later
shifted to o lower temperature; in a second series it was started at a
low temperature and later shifted to & higher one.

Light weas excluded by placing the Petri dishes in covered boxes as
soon os the seed had been placed on the wet muslin. The dishes were
kept in the boxes until the counts were made in order to prevent
light exposure during the shifting from one temperature to another.

The response of the five different stocks at constani temperatures
is given in the first part of table 15. The nondormant stuek, No. 5,
germinated nearly 100 percent at all temperatures except 30° C.;
stock No. 2 germinated 95 percent or better at 10° and 22°, but poorly
above 22°; stocks Nos. 1, 3, and 4 germinated poorly at all constant
temperatures; and No. 4 was very inconsistent in its response io
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terélperature, reaching its highest percentage of 24 after 72 hours at
25°.

TasLe 15.—Uerminetion of dormant and nondormant leftuce seed under various
lemperalure conditions

CGERMINATED AT CONSTANT TEMPERATURE

Zeed gerninated

Dormant stocks

Temperature conditions during germination (*C.)
Hubbard Bar-

Grand Rapids ket

No.l | No.2 | No.3 | No. 4

72 hours at 10° Pereent | Percent| Percent| Percent
i o a0 Bl el e
AT al ow| #]

0TS A 3 62 % o
86 hours at 30° o 1 3 D

GERMINATION STARTED AT HIGE AND SHIFTED TO LOW TEMPERATURE

8 henrs at 30°
48 hours at 10°
20 hours at 30°
40 hours 3t 10°
20 hours at 30°
70 hours at 16°
24 honrs af 30°
48 hours at 10°
24 hours at 30°
24 hours at 5°
48 hours at 30°
48 heurs at 30°
24 hours at 10°
48 hours st 25°

GERMINATION STARTED AT LOW AND SHIFTED TO HIOH TEMPERATURE

& hours at 10°

48 houts at 25° 46 8
24 hours at 10° 5 )
20 hours at 30°
20 heurs at 10°
24 hours at 30°__ 80
48 hours at 10°
45 hpurs at 10 18
24 hours et 30°, |-

48 hours at, 10°____ H a1
48 honry at 32°
48 hours ak 10° 100
48 hoursat 23°_. .
72 hours at 3° o5
2dhoursat 22 _______

The second part of table 15 gives the response of the five stocks
when germination was started at 30° C. and later moved to a lower
temperature. The nondormant stock, No. 5, germinated well under
all conditions. The four dormant stocks germinated very poorly in
nearly every case when the germination was started at 30°, Stock
No. 4 was inconsistent in its response, as it was at the constant tem-
peratures. This stock gave the high percentage of 95 when held for
20 hours at 30° and then held for 70 hours at 10°. Stock No. 2
germinated 90 percent when held at 30° for 6 hours and then at 10°
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for 48 hours. Low temperature following a period of high tempera-
ture failed in most cases to induce the dormant seed to germinate.

The influence of low followed by high temperature is shown by the
germination data presented in the lust part of table 15, Low tem-
perature followed by = higher temperature resulted in much higher
germination percentages than either constant temperature or & shift
from high to low temperature, indicating the beneficial influence of
such change. The germinatior counts from tests where the tempeta-
ture was ncreased from 5° or 10° C. to 22° or 30° averaged much
higher for all of the dormant stocks than at constant temperatires
except stock No. 2, which germinated 95 percent or better at constant
temperatures of 10° and 22°,

It will be noted that ull of the four dormant stocks germinated
nearly 100 percent under some of the temperature conditions used,
showing that satisfactory germinntion could be obtained with temper-
ature control without exposure to light.

It was possible by temperature control alone to obtain nearly 100-
percent germination of the four stocks of dormant lettuce seed studied.

DISCUSSION

The data recorded in the course of these tests show that seeds of
some varieties of lettuce may remain in a condition of dormancy
which prevents their germination in darkness at 23° C. for a long
period after harvest. %t seems likely that in some cases this dormant
condition may continue so long that some of the seed loses its viability
due to age without coming out of dormancy under stornge conditions.
In many eases, however, a short period in storage may be sufficient
to break the dormancy,

Evidence is presented in tables 5, 6, and 7 indicating that soaking
sced in water for a few hours, exposing it to diffused light at tempera-
tures at or below 25° C., and then drying it slowly at low temperature
with good aeration is effective in inducing a high percentage of ger-
mination in dormant lettuce seed. Seed so treated may be kepi in
storage for several weeks before planting, yet give good germination
in darkness at 25°. These results indicate that soaking in water at
low temperatures (3° and 10°) for as long as a week does not reduce
the cflectiveness of the postsoaking treatment.

The results obtained from tests presented in tables 8, 9,'and 10
indicate that temperatures above 23° C. during any stage of the
treatment results in niuch poorer germination than when treatments
are carried out at lower temperatures. The longer the moist sced
was exposed to high temperatures, the less effective was the treatment
in promoting germination. Prolonged soaking in water at 30°
greatly reduced the effectiveness of the postsoaking treatments,

Exposure of moist seed to diffused light for even u short period has
a very favorable influence on germination, providing the treatment
is carried out at relatively low temperatures. The eflectiveness of
light decreased as the temperature during treating and the time of
exposure to high temperatures increased, 'The relationship between
temperature and light is such that no particular temperature can be
said to be ecritical for the effectiveness of light in its influence on
germination. However, the results indicate that light loses its
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influence rapidly as the tempersture increases above 25° C. and that its
inflilence becomes more marked as the temperature declines below 25°.

The germination of seed samples Nos. 1 to 8, presented in table 10,
are typical of the results obtained with seed that had been soaked iz
water for long periods in darkness at 30° C. Even long exposure to
diffused sunlight was ineffective when the seed had been soaked for
long periods in darkness at high temperature or when it was high
during exposure to light and drying. Long soaking at high tempera-
ture or the holding of moist seed at high temperature with poor aera-
tion brings about a condition difficult to correct unless the seed is
thoroughly dried and re-treated. Low temperature and light exposure
are less effective after seed has been held in a moist condition at high
temperature than is the case when the seed is never exposed to
high temperature after becoming moist.

If seeds that have been forced Into an extreme condition of dormancy
by holding at high temperature while moist are thoroughly dried, they
respond to light and low temperature and give about the same per-
centage of germination as the original untreated seed. This is shown
by the results given in table 11. A portion of the seed from samples
Nos. 3, 3, 6, and 8, which were shown to germinate poorly foliowing
the treatment at high temperature (table 10), was given a favorable
treatment at low temperature with light exposure. The percentage
of germination following the subsequent treatment was fairly higl:,
indicating that the high-temperature treatment had not killed the
seed, but had held it in a dormant condition.

The data presented in tables 12 and 13 indicate that light, whether
the full spectrum or the red portion, loses its effectiveness with increase
in temperature during the treatment.

Germination tests of treated and unireated lettuce seed from stocks
known to exhibit some degree of dormancy made in soil gnve mueh
the same results as were obtained from the same stock when germinnted
in Petri dishes in a seed germinator, except that in most ceses the
emergence percentage was lower in soil (table 14). The low-tempera-
ture treatment with light exposure gave much higher germinsation
than treatment at high temperature with light exposure. Lettuce
seed, whether nondormant or dormant, in which dormancy has been
broken by treatment, requires good aeration during germination. 1f
aeration is poor, germination may be low, even though the seed is
capable of germinating at the temperature employed. Lettuce seed
planted in soif and covered with muck or sand alwa¥s germinates more
rapidly and gives a hicher germination than the same seed covered
with fine soll.  This is especially true if the surface soil iz wet following
planting. Many cases of poor germinarion of lettuce seed under feld
conditions cen doubtless be traced to poor soil aeration rather than to
seed dormaney,

The results obtained in these studies indicate that it is possible
greatly to inerease the germination of dormant lettuce seed by treat-
ments that permit it to be dried and stored for some time thereafter,
making it possible to plant the sced with a meehanical seeder without
danger of injury,

it is obvious that the factors influencing the germination of dormant
lettuce seed form a complex interrelationship and that no particular
combination of these factors can be said to be the most favorable for
the germination of all lots of dormant seed. Treatments resulting in
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106-percent germination of some seed will not be entirely effective
with other more dormant lots, because femperature, ligh{, seration,
moisture, and the germinating modiwm all influence the process.
Doubtless tempersture is generally the most important single factor,
and its control is essential in any treatment desighed {o break dor-
mancy where the seed is to be dried thoroughly before planting.
Light exposure has a very stimulating influence, provided the treat-
ment is made &t a relatively low temperature.

The duration of the various phases of the treatment is very impor-
tant. The temperature during that phase of the treatment in which
the seeds are allowed to imbibe water may be Iairly high, provided
the time of scaking is short; 2 or 3 hours is probably suflicient time $o
held seed in water., The most important factors in the {reatment
are the temperature and the time that the moist seed is held between
soaking and drying. During this period the temperature must be
low; that is between 10° and 20° C. The studies made indicate that
very low temperstures which prevent germination (3° or below) are
probably not as effective as these between 10° and 20°, and more
time is required f{o complete the treating than if the temperature is
favorable for germination.

Best results were obtained where the entire treatment including
soaking was done at low temperature. A sharp change in femper &
ture from low to high during the treatment process appears to havea-
beneficial influence not obtained when 1t is carried out at & constant
temperature, sithough the temperature be low,

The results obtained indicate that consistently high germination
can be expected from dormant lettuce seed that is seaked for 2 or 3
hours in water in darkness at 3° to 10° C., and is then sprend thinly
on o moist surface, such as damp muslin, and exposed to diffused sun-
light for 15 to 30 minutes followed by slow drying on & moist surface
at about 10°. Satisfactory results can be obtained with considerable
variation from this procedure, but this is & good practice to follow as
near gs possible. Soaking at 10° is perhaps about as effective as
soaking at 5°, except that there appears to be s beneficial effect
resulting from the change in temperature during the treatment.
Only a foew minutes’ exposure to lght may be required in the case of
slichtly dormant seed.

Control of conditions during the drying phase of the treatment is
very important. Best results were obtained when the drying was
done in darkness following exposure o diffused light after the soaking.
The drving should be slow, in order that the seed be held in a favora-
ble condition e sufficient time for the germination processes to siart.
However, this period should not be too long, as the germination
process may advance so far that the drying later may result in the
death of the more advanced embryos.

It is very important that drying be done under conditions of good
geration. Very satisfactory drying may be obtained by spreading
the moist seed on a plece of damp muslin following its exposure to
light and placing the muslin on a wire tray in an ice box at about 10°
C., leaving the seed and muslin to dry out slowly. The muslin should
be only damp enough $o hold the seed In a moist condition for 5 or
6 hours, otherwise some of them may germinate before the muslin
dries out sufficiently to stop the germination process at the right
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stege. Good results were obtained by folding the wet muslin after
the seed had been spread on it and wringing 1t by twisting until the
cloth was only moist. This leaves only enough moisture to keep the
seed damp for a few hours. The seed should not be folded in the
muslin but left exposed to the air. A screen tray which will permit
free circulation of air is preferable to a solid tray for holding the cloth
during the drying. When the cloth and seed are thoroughly dry the
seed may be placed in a container and kept at room temperature for
2 or 3 weeks and perhaps longer before planting without appreciable
change In germination. The artificial control of temperature durin

seed ireatment may not be important during cool weather, but if seeg
is to be treated during warm summer weather when air temperatures
are high, equipment for the careful control of temperature is essential.

CONCLUSIONS

Natural dormancy in lettuce seed may vary in degree between very
slight, easily broken dormaney and an extreme dormant condition,
very difficult to correct by treatments.

A condition of dormancy not naturally present in lettuce seed may
b{; ind)uced by exposure of moist seed to high temperature (30° C. or
above).

Light has a very marked stimulating influence on dormant lettuce
seed when moist seed is exposed to it at temperatures below 20° C.

The influence of light in stimulating germination of dormant lettuce
seed decreases as the temperature at which the moist seed is exposed
is inereased above 20° C.

Good aeration during treatment to break dormancy is essential if
the seed is to be dried before planting or making germination tests.

Dormancy induced or intensified by exposure of moist seed to high
temperature is difficult to correct unless the seed is dried and given a
subsequent favorable treatment at low temperature.

Poor soll aeration, resulting from surface irrigation following plant-
ing or from other causes, may result in poor germination of any
lettuce seed, whether naturally dormant or not.

Very high soil moisture during periods of high femperature may
result in poorer germination than would be obtained if the soil-mois-
ture content were just high enough to provide sufficient moisture for
germination.

The factors influencing the germination of dormant lettuce seed
form a complex interrelationship, and no single element of the en-
vironment, whether light, temperature, aeration, moisture, or some-
thing else, appears to be the one critical element. Nor can any
particular combination of these factors be said to afford the most
favorable environment for the germination of ail Jots of dormant
lettuce seed.

The germination of nearly all Jots of dormant lettuce seed can be
increased by treatments that will permit the seed to be dried and
stored for some time after treating. It can be greatly increased by
soaking the seed in water for a few hours at 5° to 15° C., then exposing
the moist seed to diffused light for a few hours under conditions of
good aeration at a temperature below 20°, followed by slow drying at
low temperature. Seed thus treated may be stored for some time
after treating and still germinate much better than the untreated seed.
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Fluctuating temperatures starting low and shifting higher are more
effective in the germination of dormant lettuce seed than constant
temperature, whether high or low.

A fnirly high percentage of germination of many lots of dormant
lettuce seed can be obtained by control of temperature alone without

light exposure, provided the germination process starts at a low tem-
perature, 5° to 10° C., followed by » later shift to a higher temperature,
22° to 30°.
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