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ABSTRACT

Seeds of Leavenworthia stylosa are shed in late may or early
June, but fail to germinate until September. Investigations of
possible reasons for this i gave the following
results. Dormacy appeared to be due to mechanical resistance
of seed coats to expansion of the embryos. Germination oc-
curred with equal magnitude in darkness and in light in both
leached and unleached seeds. Germination was not enhanced by
treatment with KNOs, 3-IAA or H10:.

Although initiation of germination in the field coincides with
an average daily temperature of 18 to 23C, germination of fresh-
ly harvested seeds at such temperatures is very low (1-4%).
Laboratory-stored seeds at ages from 1 to 8 months germinated
only to 20 to 45% under various temperature regimes although
4-mon!h-qld field-stored seeds germinated from 80 to 90% when
brought into the laboratory. Five-month-old laboratory-stored
seeds reached germination percentages comparable to those of
field-stored seeds after an initial moist period of 1-5 days fol-
lowed by a 20- to 25-day dry period at 24C, After this treat-
mrgt germination ou_:urm; promptly upon re-wetting of seeds.
_Cor t of qui and initiation of germina-
tion in the field depend on the combined effects of atg least 3
interdependent factors, alternate wetting and drying, lapse of
time. and occurrence of moderate automnal tempartures

INTRODUCTION

The hefbaceous winter annval, Leavenworthia stylosa
A. Gray, is an endemic member of the cedar glade flora
that'occurs in the Central Basin of middle Tennessee
Rol!uns (1963) assumes it to have originated in thé
Basin and considers it to be the basic member of the
n=15 group of Leavenworthia special. The objective
of the_ present study was to investigate conditions in-
ﬂuespe::gg ﬁeldhg:rmination of its seeds.

are shed in late May and earl:
that scatters them only a fzw inchesyfl:‘:lze’ﬂ?ep;:::xs;
plant. ‘They lie on the surface or slightly buried in thin
soil through the summer, when soil surface tempera-
tures may range from 31 to 50C (Freeman 1933). In

September, profuse germination follows the simultane.
ous occurrence of an average daily temperature of 19
to 23C (Fig. 1) and a heavy rain shower, Seedlings
develop into rosettes having 4-7 leaves and, during the
winter months, are often exposed to frost-heaving, ice
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Figure 1. A summary of average monthly temperatures, aver-
age monthly precipitation and life cycle of the winter
annual Leavenworthia stylosa in the cedar glades of
Middle Tennessee. Climatological data, based on 2
29-year period (1921-1950), were obtained from the
United States Weather Bureau Station located mear
the study area,
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and snow. Rapid growth occurs in March followed by
flowering in late March aqd early April. Pollination of
the highly self-service species may be effected by wasps,
bees, and flies, all of which have been observed visiting
the flowers. Seeds mature by late May or early June.

Middle Tennessee lies in an area with a cool season
maximum precipitation pattern ( Quaﬂerman 1949; Tre-
wartha 1954). Cedar glade soil is saturated, therefore,
during the winter and early spring months after which
rapid drying results in desiccation during August, Sep-
tember and October. The winter annual habit of
Leavenworthia is well adapted to utilize the wet season
advantageously and to persist through the summer
drouth as quiescent seed (Fig. 1). .

Large populations of L. stylosa are fr_equent'm open
cedar glades on soil one-fourth to three inches in depth
(Gattinger 1901; Harper 1926; Freeman 1933; Quarter-
man 1950 a,b). Leavenworthia plants usually occur in
low places or small ditches along which water flows
freely. Dense populations occurring where flowing water
is blocked by clumps of grass roots or other Pbstac]es
indicate that water probably serves as the chief agent

of seed dispersal.

EXPERIMENTAL PROCEDURES AND RESULTS

Seeds were collected from a large population in Rutherford
County, Tennessee, and stored at laboratory temperatures (24-
39C). Prior to sowing, each lot of seeds was dusted lightly
with Semesan to control fungal contaminants. Demineralized
or distilled water was used in all experiments except where

otherwise noted.

SUMMER DORMANCY AND
GERMINATION TEMPERATURES

To investigate the effects of after-ripening on germination,
two series of successive plantings were made on filter paper
and place, respectivey, (1) in a laboratory with naturally fluc-
tuating temperatures that closely resermbled readings at a U.S.
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Figure 2, Effect of temperature on germination of plus- and
minus-one-year seeds. (Plus-one-year after 45 days
of incubation; minus-one-year, after 75 days.)

Weather Bureau Station in a glade area (25 to 33C, with oc-
casional extremes of 17C and 33C), and (2) in an air-
conditioned room whose temperatures were controlled within a
narrower range (22 to 25C).

Seeds were from harvests of two consecutive years and ranged
in age from one month (minus-one-year) to a year and one
month (plus-one-year) at time of planting. Each planting con-
sisted of 100 seeds of each age group under each temperature
regime.

Minus-one-year seeds

Under naturally fluctuating temperatures, there was no germi-
nation of minus-one-year seeds until they had after-ripened for
nearly three months. Germination was meager (31%) even
after 75 days (Fig. 2). Under controlled temperatures there
was sparse germination (1 to 4 %) of minus-one-year seeds in all

lanti after two hs of after-ripening; germinability in-
creased with age during the summer and peaked at 35% in
November.

Plus-one-year seeds

Under both temperatures regimes, all germination of plus-one-
year seeds occurred within 45 days of planting. In the fluctuat-
ing natural temperatures germination was negligible (1 to 6%);
in controlled temperatures germination was good in seed glan}ed
during the early part of the summer, maximum germination
(70% ) occurring in the lot sown on June 14 (Fig. 2). After
that peak there was a continuing decrease in germinability until
all germination ceased in September.

One may assume from these experiments that Leavenworthia
stylosa seeds undergo a summer dormant period of about three
months and that they do not remain viable under laboratory
storage conditions for much more than a year (Fig. 3). Dry
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Figure 3. Effect of age of seed: Total germination percentage
of minus-one-year and plus-one-year seeds through

and fail hs. Planti were made every

2 weeks begnning June 7. Total germination of plus-

one-year seeds was attained after 45 days; minus-one-

year seeds after 75 days. Temperature range 22-25C.
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dormancy in plus-one-year seed
ratory %9/ nearly met
. . re more
up to 70% (m;j,),pmturef reqmrem::'-‘ ;’Ce than by naturally

Germination ) ing that high
temperatures ;s;:;erawfﬁ (25-33C), wg:::n?ninus- and
flucwating spem:xrre.s inhibit germination ok
summer tem
pluyonﬂ')'”' seeds.

ING DORMANCY
reas seed coats are brittle but not

et hi
i d. Seeds swell quickly when wet, Tsdlcgc“:rsiﬁzaﬁgz
thick wad BT bility and elasticity or_the_ coats. fion
’ peme:ﬂed to increase germination percentnge_.d e

of o8 cous, cised embryo viability test was applied to
mion's (19) 5 d to 3.month-old laboratory-stored seeds.

3% %wurred :fll‘er four days at 22-30C in 50% of the em-
r

in 75% of those from

bryos from freshly harvested ;‘n dn:, germination after 45
Id seeds, as compared wi

Imonth-old St s, Although apparently permeable, seed
O Fepear (o be contribuling agents in. the quiescence 0
freshly matured seeds..
(zz,l)nmmnfw’l{wn?monmold .lmvenworthia .vryimaf mf;
were leached in the dark in running tap water (25C) for
hours, then removed under a safe-light (McDonough 1963) into
darkened germination plates, 100 seed per plate. Unleached
controls were placed in dark and light (12 hour photoperiod),
respectively. All seeds were placed under a 7-25C them_u_;penoq,
a temperature regime that approximates field condlt.lons in
middle Tennessee during September when Leavenworthia seeds
germinate in nature.

Aftﬂ‘; days, no germination had occurred among the leached
seeds and 2% had germinated in both dark and light controls,
indicating that summer dormancy or quiescence in Leaven-
worthia stylosa is not caused by the presence of water-soluble
chemical inhibitors in the seeds. )
(3) Chemical agents. Three chemical agents were used in
efforts to break the dormancy of Leavenworthia stylosa seeds.
Two 100-seed lots were used in each treatment, one darkened,
one lighted. Treatments consisted of: KNO: (0.1%; 0.2%); 3
1AA (100, 500, and 1000 ppm); H:0: (3.0%); and demineral-
ized water, all at a 7-25C thermoperiod. After ten days there
was po appreciable germination in any of the treatments al-
though KNOs, 3-IAA (100 ppm) and 3% H:0: did increase
germination percentages over those of the controls (Table 1).

No significant differences occurred between light and dark
treatments,

(1) Seed coats. Leavenworthia

TABLE 1. Effect of KNOs, 3-IAA, and H:O: on germination
of 2-month-old seeds of Leavenworrhia stylosa in
light (24C) and dark (7C) after 10 days.

Percentage germination

'l‘raf-entl Light : 12 hrs. Dark : 12 hrs.
lllJ €0.1%) 25 15
nn, (0.2%) 22 26
3-1AA (100ppa) 18 13
3-1AA (500ppm)y 9 7
3-IA8 (1000ppm) 4 6
80, (3.0%) 23 8
Water 3 °

GERMINATION CONDITIONS
(1) Lighs vs, i
, ,“n dark. lnlheluchm'_m(_lchqniu!

¢
light and dark had gh ‘
light, although after-ri oo Seeds

penin; were sty |
germination over that of 2-;0,&,{’1.?_‘;1“: sﬂn eXpet;leén‘.“-ﬂﬁu,‘
(2) Amount of moisture, Lots of looeeds' Moreggy 0
on saturated filter paper, saturated fijyey ch v,
a reservoir of water, and saturateq iy, P! With oere D
of water cc:;-ermf1 the seeds. After o T wi
centages under all conditions rangeq 8ermipyg
(3) Temperature. Eight-month-olq lah‘;:iween ki ,n':llt;cin Per.
tested under various diurnally fluctuatj a“’")’-&tored .
Lo_w. f\t low temperatures Seﬂninati? ‘eml’eratu;e erg
germination; 4-8C, 8%; 0-9C, 3g¢,. 6-13cwas DPoor (? Bileg
Low followed by continuous high tempe, 48%). “C 1y
placed for 1, 2, 4, 6, and 8 hours, resps: Tature, Seegs
moved to 26.6C for 10 days; two serg of tively, 5 1sc Mere
one at 15C and one at 26.6C. Under g gq,ContMO0lS werg' (160
ranged from 40 to S0%. conditions, germ; kepy
Alternating low and high temperature. b
After 1,2,4,6, agd 8 hours respectivel
daily for ten days into 26.6C for the g, Seeds
germinated from 20 to 45%, best gem,ire“}amd"" of
kept for 8 hours each day at 15C. mation being
Field-storage. Since plants in the
:;gg&st highe; germination
an occurred in any of the germinat; :
collected from the surface ogf ‘tlh?emsa:if I:he,-xp{:"""'l'lts. Seeds g
ding, but prior to field germination, Thegsemonths .
were sown in lots of 100 each on glade soil in
were divided into three groups, one of which wy, clay pots, p,
of the following locations: out-of-doors (12_2;(?"‘:“! at each
(22-26C), and greenhouse (18.9-322C). Wapay ;. % from
needed to maintain a saturated substrate, Wighiy 5 L0td 2
82% of the seeds outside, 80% of those i (e %, SEN days,
90% of. thgse in the greenhouse had gemnin:te?o ! voom, and
Germination percentages should be much high.
than those so far obtained from Iabora!ory—slorede r;e:::m%z
TABLE 2. Effects of alternate short-wet and short i
and of glade soil extract, upon the ge&'y Lo
laboratory-stored seeds under naturally ﬂmmn-“
and controlled temperatures, e

PER_CENT GERMINATION

Moy
. tach d“:;
n the lots
field are
bercentages under nast?ufl oond!qxiom
Uong

It Temperare e Gonteolied Teaperatare
Period  Period  DemTmeniTined CTaE Soil WRTReRTIEwhar I
(Days)  (Days) Water Extract Water el
Tontrol o
20 0 ] 10 2 3
1 a9 30 52 ®
" 2 40 42 40 (]
3 18 38 40 A
4 28 62+ [} ©
1 32 0 8 @
) 2 0 sav 38 2%
3 0 12 18 “
4 0 s8¢ 107 '}
1 32 38 28 »
5 2 8 0 50 3
3 34 48 45 .
4 42 16 41 L]
1 o 62+ 56 18
. 3 30 54 38 3%
3 b4r 76% s4* 4
4 4 76+ 54 C

“Germination percentages above 5TS.

field-stored seeds had been germinated on soil and, during the
after-ripening period, had been wet and dried with each ram
shower. These factors were the basis of the mext experiments.
Wetting and drying. Four-moth-old laborawry—slofedp:?d’ e
sown in groups of 100 each on filter paper in petil CBU

One-half of these were watered throughout the experiment '}':
demineralized water, the remaining with a dilute glade soil 0 of
tion prepared by soaking 100 ml of glade soil in one litef
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e ter for 48 hours, then filtering. The test was
dlmmel;zl‘lile:n‘;: controlled temperatures (22-26C) and under
condutlll fuctuating laboratory temperatures (13-29C). Four
naturd }; ntal groups were distinguished from each other on the
exp.enmf initial wet periods of 1,2, 3, and 4 days, respectively
b”'sio 2). Subdivisions of each group were subjected to dry
(Table of from | to 4 days. After dry treatment seeds were

"°tdsmd kept saturated for 20 days. Control groups were
rewe moist for 20 consecutive days. )
kept n of the experimental groups 58-80% of the seed germi-

l‘..dte(Tal'Ale 2), results that are noglceably higher than those in
nate: ding experiments (Table 1) with seeds of comparable age
prece! g 510 nths). The comparison involving demineralized water
Glo il extract was significant, but not highly so (Table 2).
ax_ld wneithel' control group (demineralized water or glade soil
Since 1) reached germination percentages of 80-90%, it seems
jﬁ{.’:&m (hat the wetting solutions used were responsible for the
. i ination.

‘“c'ea:f r s:{ﬂ::riance indicated that differences in length of
eﬂnﬁw treatments were not significant; however, eight of

:w high germination percentages appear in the groups that were

subjected to the longer dry periods (3-4 days). i

The average temperature in both locations was approximately
the same (24C), but the range of the naturally fluctuating tem-

ratures encompassed those of the controlled, so there was no
reliable evidence that either of _the two temperature conditions
was more favorable to germination than the other.

To single out the effect of alternate wet and dry treatments
on germination, groups of AS-month-ol‘d laboratory-stored seeds
were exposed to short initial wet periods (1-5 days) followed
by relatively long dry periods (5-25 days) under temperatures
of 22:26C (Table 3). Oemineralized water was used on all
groups of treated seeds and on the control group, which re-
mained wet for 10 successive days.

Maximum germination (Table 3) was reached 10 days after
each group was rewet. After d]:y_ penods of _20 or 25. da'ys,
regardless of the duration of the initial wet periods, germination
in all groups exceeded 69%, and in one half the groups was
80% or higher. Thus, short wet periods, followed by relatively
long dry periods, effectively broke dormancy of laboratory-

TABLE 3. Effects of alternate short-wet and long-dry pefiods
upon the germination of laboratory-stored seeds at

22 -26C.
Initial DRY PERIOD (DAYS)
Wet Period
(Deys) 0 ] 10 15 20 25
1 - S8 72 64 70 70
2 - 68 60 70 72 76
3 - 20 58 72 82 88
4 - 64 72 - 72 32 80
5 - 66 40 68 72 84
10
(Control) 42 - = - = =

stored seeds, and dry periods of 20-25 days brought the percent-
age of germination to within the expected range of 80-90%.
Analysis of variance (Table 3) showed the length of the dry
period 10 be significant at the 1% level, and the length of the
initial wet period to be insignificant.

Wetting and drying of freshly-harvested seeds. The seeds used
in the preceding alternate wetting and drying experiment had
been laboratory-stored for 4-5 months; therefore, this test could
not indicate whether the effect of alternate wet and dry treat-
ments during dormancy was immediate or delayed. Field con-
ditions provide alternate wetting and drying throughout the
entire period. To test the effectiveness of alternate wetting and
drying before after-ripening and to determine if one such treat-
ment would overcome dormancy during the summer, 5 groups of
freshly-harvesied seeds were wet for one day and dried for
5, 10, 15, 20, and 25 days, respectively, at 22-25C. The pro-

L

cedure was duplicated using an initial wet period of 5 days.

Followi_ng the dry treatment, each group was rewet for 10
successive days.

No germination occurred after a single wet and dry cycle in
any of the groups of freshly-harvested seeds, indicating that
cither a series of wet and dry periods is necessary during the
summer to break dormancy, or a time lag occurs between the

treatment and the effect, or other factors are influential in over-
coming dormancy.

Discussion

The dormancy of certain genera in the family Cruci-
ferae, Brassica, Amaranthus, Alisma, Capsella and Lepi-
dium, (Kidd, 1914; Griswold, 1936) is due to mechani-
cally resistant seed coats, which, although completely
permeable to water and oxygen, are not ruptured by
exp.nding embryos. A constant wet period promotes
no change; however, a wet period followed by a long-
dry period alters the cells of the seed coats, so that,
upon rewetting, the embryos develop sufficient pressure
to burst the coats, and germination occurs {Meyer,
Anderson, and Bohning, 1960). Leavenworthia stylosa
follows the same pattern. In the glades during the sum-
mer, Leavenworthia seeds are repeatedly wet and dried,
since most of the precipitation occurs as showers of
short duration after which the area dries out quickly
and thoroughly. In germination tests, Leavenworthia
seeds that had been laboratory-stored for 5 months
reached maximum germination (70%-80% ) after ex-
posure to a short wet period (1-5 days) followed by a
long dry treatment (20-25 days) under temperatures of
22-25C. (Table 3). This same cycle under the same
temperatures, when applied to freshly-harvested seeds,
failed to promote any germination, indic:ting that one
such treatment does not break dormancy and that time
also may be an essential factor. That time is involved
is indicated by the fact that seeds, which had been
laboratory-stored for 4-5 months responded to onme
alternate wet and dry treatment and reached germina-
tion percentages comparable to those occurring in field-
stored seeds (Tables 2 and 3). Germination of labora-
tory-stored seeds increased with the length of the
storage period up to 13 meonths, but the only occur-
rence of germination within the expected range (80%-
90% ) was in groups of seeds that had been alternately
wet and dried. No apparent differences resulted from
storage under continuously low temperatures (22-25C)
or under naturally fiuctuating temperatures (25-40C).

Toole (1941) states that under low temperatures
germination of seeds having coat restrictions may ac~
tually occur in spite of the resistance of the seed coat.
In the case of Leavenworthia stylosa, although low tem-
perature alone breaks dormancy in only a small per-
centage of the seeds (1%-4%), it undoubtedly is a
contributing factor in the initiation of germination. In
the field, seedlings were observed in abundance 5 days
after a heavy rainfall combined with an average daily
temperature of 19-21C. In the laboratory, seeds whose
dormancy had been largely overcome by 12 months of
dry storage, reached maximum germination (50%-
70% ) under continuously moderate temperatures (22-
26C), and only 0-6% germination under natural sum-
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