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ABSTRACT

of Delphinium virescens Nutt. (Ranuncula-
was studied, Germination tests were performed on freshly-
, two-, three-, four-month-old seeds at six constant

pemmmgmgmmstosoc. Seeds of all ages tested failed to
e e at 5, 25, and 30 C, but germinated at 10, 15, and 20 C,
é‘:rmmﬁon at 20 C, however, was significantly lowe'r than at 10 and
15 C, except in the four-month-old seeds. The highest percentage
germination Was in one-n'tonth-old seeds where 85.3%, 84.7%, and
97.3% of the seeds germinated at 10, 15, and 20 C respectively.
Wonemonthofstorage,seeds showed a steady decline in germi-
pation with age; after four months of storage, germination had de-
ma,sed to 10-7%, 10-0%; and 12'0% at 10) 159 and 20 C mpecﬁvely.

The failure of D. virescens to germinate at the higher temperatures
is interpreted as an ecologic adaptaﬁon_ which delays germination
until October and November, thus allowing the seeds to germinate
when moisture and temperature are favorable for seedling establish-
ment.

INTRODUCTION

Delphinium virescens Nutt. (Ranunculaceae), a per-
ennial herb, is a common spring aspect dominant of
grassy areas in cedar glades of Middle Tennessee, which
are dominated by Sporobolus vaginiflorus (Torr.) Wood
and Aristida longespica Poir. (Quarterman, 1950). D.
virescens flowers in April and the mature seeds are
shed in June. However, germination does not occur
until October and November. This paper is concerned
with the reason(s) for the failure of seeds of D.
virescens to germinate in the summer.

METHODS

Seeds of Delphinium virescens were collected from
a cedar glade in Davidson County, Tennessee, near
Nashville in June, 1967. After collections were made,
seeds were removed from the follicles and stored in
plastic containers in an air-conditioned laboratory until
used. Germination tests were performed in 10 cm petri
dishes containing two sheets of Whatman No. 1 filter
Paper moistened with distilled water. Three replications
of 50 seeds each were used for each treatment. All
germination tests were carried out in constant tempera-
ture incubators. The temperatures used were 5, 10, 15,
20, 25, and 30 C. The photoperiod was 12 hours. The
age of the seeds when placed on moist filter paper
is taken as the length of time since collection. Final
germination counts were made after one month, and

seeds were considered to have germinated when
the radicle emerged from the seed coats.

ResuLTs AND DISCUSSION

The results indicate (Table 1) that germination of
seeds was mostly at the lower temperatures (10 and
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germination was in one-monthold seeds,
where85.3%gemmatedatloc,8¢7%atlsc,md
27.3%atQJ()C.Afterommonﬂnofstomge,seedssbowed
asteadydecreaseingenninatimvviﬂlageatlo,lfi
and200,and,afterfm1rmonﬂns,gelminaﬁmlndde:
creased to 10.7%, 10.0%, and 12.0% at 10, 15, and 20 C
rfxpecﬁvely.Forseedsofanygivenage,ﬂuewas
htt]e-di]ferenceingetminaﬁmatl()amllsc,while
germination at 20 C was noticeably lower than at 10

and}s(:,exceptinthefonr-monﬂ:-oldseedswhae
germination was about the same.

The results presented here indicate that the seeds
Delphinium virescens have no internal mechanism
caus?ng dormancy. Freshly-harvested seeds of this
species germinated readily at the lower temperatures
tested. Other than high temperature, no inhibitory
factors were evident.

The seeds of Delphinium virescens are shed in June
and germination occurs the following fall. During the
summer, germination is prevented by high tempera-
tures. With the advent of lower temperatures during
October and November, there is an overlap between the
prevailing temperatures and the temperatures required
for germination, and the seeds germinate. Unlike germi-
nation of some winter annuals studied (Caudle and
Baskin 1968), the maximum temperature at which
germinaﬁoncanoccmdo&smtinueaseasthelenglh
of storage increases.

As the seeds age, there is a percentage decrease in
germination. In our experiments, few four-month-old
seeds germinated. ThllS,itiSﬂPeaedﬂ“t_al"w?e"
centage of the seeds in each seed crop gemminate, since
seeds are approximately four months old when germina-
tion begins in the field.




116 Journal of the Ten

ACKNOWLEDGEMENT

m.w.mmuwmm.mwh‘
fessor of Biology, Vanderbilt University, for providing mecessiy
equipment.

LiteraTure CITED

2% of
udle, . M. Baskin. 1968. The germination pattemn
e, e o maoale. Bull. Tamey Club 95:331-335.

Quarterman, Elsie. 1950. MliwphﬂmmmiﬂofTM
ﬁrﬂmmal:mm.

ve Academy of Science

TasLE I

PERCENTAGE GERMINATION OF FRESHLY-HARVESTED’
OxE-, Two-, THREE-, AND Four-MonTH-OLp
LAB-STORED SEEDS OF DELPHINIUM VIRESCENS
ATt Six TEMPERATURES

e ———

Duration of Storage

o tbe) 5¢_10C_ 15C _ 20C 25¢ 3¢
0 0 460 547 60 0 g
1 0 853 847 213 ¢
2 0 700 T00 173 o o
3 0 440 400 180 o g
p 0 107 100 120 o o
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ABSTRACT
Germination dormancy of the seeds of Lobelia gattingeri A
cmmmummﬂwmmmﬁumdsmdm-
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gibberellic acid, potassium nitrate (0.02M) and thiourea
had little or no effect. Seeds of L. gattingeri

after 16 to 18 weeks of stratification at 5 C. On the other hand,
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Wmﬂmﬁnﬁmiﬂhb-ﬂnudnedlwulﬁﬂ%,nhﬂ
14 weeks of storage. The i temperatus q for
germination was 15 C, and the optimum was 20 C.
The stratification and for germi-

mﬂummmﬂmmmwmimﬁmumﬂmwm
conditions are ble for seedling k

INTRODUCTION

Lobelia gattingeri A. Gray (Campanulaceae) is a
common spring aspect dominant of grassy areas in
cedar glades of Middle Tennessee, which are dominated
by Sporobolus vaginiflorus (Torr.) Wood and Aristida
longespica Poir. (Quarterman 1950). This herbaceous
annual is endemic to the cedar glades of Middle Ten-
nessee (McVaugh 1936, p. 346). L. gattingeri flowers
in May and the mature seeds are shed in June. Germi-
nation apparently occurs the following spring, after the
seeds have over-wintered in the field. The present study
is an investigation of seed germination and dormancy in
this species.

GENERAL METHODS

Seeds of Lobelia gattingeri were collected from a
cedar glade in Davidson County, Tennessee, near
Nashville. After collections were made, seeds were re-
moved from the capsules and stored in plastic con-
tainers in an air-conditioned laboratory until used.
Germination tests were performed in 10 cm petri dishes
containing two sheets of Whatman No. 1 filter paper

moistened with distilled water, except in the experi-
ments on chemical treatments where solutions of
gibberellic acid, thiourea, and potassium nitrate were
also used. Three replications of 50 seeds each were used
for each treatment. Unless otherwise stated, germina-
tion tests were carried out in constant temperature in-
cubators at 25 C and at a 12 hour photoperiod. The
seeds were considered to have germinated when the
radicles emerged from the seed coats.

ExpERIMENTAL PROCEDURES AND RESULTS
Initial Experiment

To test for germination in freshly-harvested seeds of
Lobelia gattingeri, seeds were placed at 10, 20, and
30 C at a 12 hour photoperiod and in constant dark-
ness. After one month, no germination had occurred,
except at 20 C in the light, where only 8% of the seeds
germinated. It was concluded that freshly-harvested
seeds of L. gattingeri were dormant.

Chemical Treatments

To test the effect of certain chemicals on germination
of dormant seeds (Mayer and Poljakoff-Mayber 1963),
freshly-harvested seeds of Lobelia gattingeri were
placed on filter paper moistened with five concentra-
tions of gibberellic acid ranging from 50 to 800 ppm,
thiourea (0.01M), and potassium nitrate (0.02M).
Germination in these chemically-treated seeds was then
compared to germination in a water control. After one
month, some germination had occurred in the seeds
treated with gibberellic acid and potassium nitrate, as
well as in the water control (Table I). Seeds treated

1 Present address: Department of Botany, University of Kentucky,
Lexington, Ky, 40506

Germination and Dormancy in Cedar Clade Plants
1L Lobelia gattingeri

.+ 100, 200, 400, and 800 ppm gibberellic acid
with te,d to a noticeably higher peroent'age than the
g“mm:omrol. Whereas, there was very little increase
water €7 ation over the water control in seeds treated
in gerg:)m pm gibberellic acid or potassium nitrate,
with aspno germination in the thiourea-treated seeds.
Therii ‘;’h ost percentage germination in this experiment
The 547% (800 ppm GA) and the lowest was 0.0%
‘(vta}fiour;!ﬂ)- The water control germinated to 8.0%,

TasLe I
oF CIBBERELLIC ACID, THIOUREA, AND
E;;;Ef:smm N1TRATE ON THE GERMINATION OF
FresHLY-HARVESTED SEEDS OF

Lobelia gattingeri
Treatment Germination (%)
Thiourea (0.01M) 0.0
KNOs (0.02M) 16.0
CA (50 ppm) 133
GA (100 ppm) 447
GA (200 ppm) 427
GA (400 ppm) 48,7
GA (800 ppm) 54.7
Water Control 8.0
Stratification and Afterripening

An experiment was set up to test the effect of strati-
fication and of afterripening in dry storage on subse-
quent germination. One lot of freshly-harvested seeds
of Lobelia gattingeri was placed in petri dishes on filter
paper moistened with distilled water and stored in a
cold room at 5 C for intervals of 4 to 22 weeks. A
second lot was stored dry in the laboratory for intervals
of 4 to 22 weeks (Table II). After each treatment
(interval of time), seeds were placed at 25 C and a
12 hour photoperiod for two weeks. From Table 11, it
may be seen that stratification was quite effective in
promoting germination. The highest percentage of
germination (66.7%) in this experiment was in those

Tasre 11

PERCENTAGE GERMINATION IN COLD-MOIST-STORED
AND IN LAB-STORED SEEDS OF

Lobelia gattingeri
N >
iy P s N
4 16.7 2.0
6 8.7 2.7
8 26.0 53
10 473 153
12 313 14.0
14 52.7 167
16 66.7 13.3
18 66.7 113
20 43.3 4.0
22 54.7 13.3
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seeds receiving 16 to 18
3 weeks of i
:rmeasmg the hngth of stratification, wwweeh, 5
een;&gs:lt( ?7;3 mcrease in germination. The lowest per-
seeds which receivan 0 o A
stratification in overcomin
ove g dormancy. i

?e.ﬂ:-enltage germination (16.7%) in ]:myb-store'l:ihe iee};lghwe::
e 4weeluofstorage. Increasing the length of
s mﬁtgnm'l\;:eks,didnotrmﬂtinmmm'
2, : percentage germination
s(tm(;%;.m lab-stored seeds was after four weeks of

TasLe 111
GERMINATION IN CoLp-MoisT-StoreDp
- AND In
Lu-S/ron_zn 22-WeEk OLp SeeDps or Lobelia
gattingeri AT Five TEMPERATURES
Temperature (C) Stratified o lfi;-lsund
5 0.0
1 0.0
10 0.0 0.0
15 60.7 73
20 66.7 16.0
25 54.7 13.3

Germination at Five Temperatures

To test the effect of temperature on inatio
seeds of Lobelia gattingeri which had beegimsu?hﬁené
for 22 weeks and seeds which had been lab-stored for
22 weeks were placed at temperatures ranging from
5 to 25 C at 5° intervals (Table I11). After two weeks,
some germination had occurred in both stratified and in
lab-stored seeds at 15, 20, and 25 C. Germination in
stratified seeds, however, was noticeably higher than
germination in lab-stored seeds at all three tempera-
tures. There was no germination at 5 or 10 C. The
optimum temperature for germination in both stratified
and lab-stored seeds was 20 C, where 66.7% of strati-
fied and 16.0% of the lab-stored seeds germinated.

Discossion

The results presented in this paper indicate that most
of the seeds of Lobelia gattingeri require a period at
low temperature, or treatment with gibberellic acid, in
order for germination to occur. In nature the cold re-
quirement of L. gattingeri is satisfied during the winter,
and by the following spring they are capable of germi-
nating. The minimum temperature requirement for
germination of L. gattingeri seeds (approximately
15 C) prevents them from germinating until tempera-
tures are favorable for seedling survival.

The possible role of low temperatures in breaking the
dormancy of seeds of Lobelia gattingeri may be t}!e
production of endogenous gibberellins, since gibberellic
acid caused dormant seeds to germinate. In seeds of
Corylus avellana L. gibberellins were found to be pres-
ent after chilling, but not in non-chilled seeds (Frank-
Jand and Wareing 1962).
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