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SEASONAL CHANGES IN THE GERMINATION RESPONSES OF BURIED SEEDS OF 
ARABIDOPSIS THALIANA AND ECOLOGICAL INTERPRETATION 

JERRY M. BASKIN AND CAROL C. BASKIN 

School of Biological Sciences, University of Kentucky, Lexington, Kentucky 40506 

Buried seeds of Arabidopsis thaliana exposed to natural seasonal temperature changes exhibited an 
annual dormancy/nondormancy cycle. The majority of freshly matured seeds were dormant. During 
burial in summer, fresh seeds and those that had been buried for 1 and 2 yr afterripened. During 
afterripening, seeds first germinated at 15/6 C and then at progressively higher temperatures until they 
were nondormant by October, when they germinated to high percentages at all thermoperiods except 
35/20 C. Light was required for germination of both conditionally dormant and nondormant seeds. 
During autumn and winter, seeds reentered dormancy, first losing the ability to germinate at high and 
then at low temperatures. Thus, seeds can germinate in the field only in autumn, and germination is 
restricted to those seeds on or near the soil surface where both light and moisture can be nonlimiting. 
In spring, seeds are dormant; in summer, temperatures are too high for germination, and in winter, 
they are too low. Consequently, A. thaliana behaves as a winter annual. 

Introduction 
Winter annuals are important weeds in temper- 

ate zones of the world, and many form large seed 
reserves (BRENCHLEY 1918; BRENCHLEY and WAR- 
INGTON 1930; KROPAt 1966; ROBERTS and STOKES 
1966; ROBERTS 1968). Seed reserves play an im- 
portant role in the population dynamics of the spe- 
cies, and thus better weed-control measures in 
agroecosystems undoubtedly could be developed if 
we understood the regulation of the timing of 
germination. 

The physiological responses of exhumed seeds 
that had been buried in soil and exposed to seasonal 
temperature changes have been studied for Veron- 
ica hederifolia L. (ROBERTS and LOCKETT 1978), 
V. arvensis L. (BASKIN and BASKIN 1983), Lamium 
amplexicaule L. (BASKIN and BASKIN 1981), and 
Aphanes arvensis L. (ROBERTS AND NEILSON 
1982a). Generally, seeds of these four species are 
dormant at maturity in late spring or early summer 
and give little or no germination at any tempera- 
ture. However, during summer the seeds afterripen 
(become nondormant) and consequently germinate 
to high percentages over a wide range of temper- 
atures in autumn. During the following autumn/ 
winter cold season, seeds lose the ability to ger- 
minate at high (25/15, 30/15 C) but not at low (20/ 
10, 15/6, and 10/4 C) temperatures, although per- 
centages of germination at low temperatures are 
reduced. Since some seeds germinate at low tem- 
peratures, germination can occur in the field in 
early spring when other microenvironmental fac- 
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tors are nonlimiting. During summer, seeds become 
nondormant again, and the cycle of germination 
responses is repeated. 

Since the seasonal changes in germination of ex- 
humed seeds buried in soil for 1 yr or more have 
been studied in only a few species of winter an- 
nuals, the temporal, qualitative, and quantitative 
aspects of these changes have not been fully char- 
acterized. Thus, this study tests the temperature 
and light requirements for germination of exhumed 
seeds of Arabidopsis thaliana (L.) Heynh., buried 
in soil for 0-30 mo, and compares the pattern of 
seasonal changes in their germination responses to 
those reported for other weedy winter annuals. 

Arabidopsis thaliana (Cruciferae) is a native of 
Europe and is now widely distributed in fields, 
roadsides, and waste places in the northern tem- 
perate regions of the world (RATCLIFFE 1961; GLEA- 
SON and CRONQUIST 1963). In central Tennes- 
see and Kentucky, where we have observed the 
species, and in Great Britain where RATCLIFFE 
(1961) studied it, A. thaliana has a winter annual 
life cycle. However, both summer and winter an- 
nual races are reported in Europe (LAIBACH 195 1). 
A high percentage of the freshly matured seeds of 
A. thaliana is dormant, and the seeds afterripen 
during summer in dry storage in the laboratory 
(RATCLIFFE 1961; BASKIN and BASKIN 1972a). 

Methods 
Mature, ripe seeds were collected from plants of 

Arabidopsis thaliana growing in cultivated fields 
in Fayette County, Kentucky (390N, 84'30'W) on 
May 25, 1978, May 15, 1979, and May 21, 1980. 
Within 4-6 days after each collection, ca. 3,000 
seeds were placed in each of 24, 29, and 22 fine- 
mesh nylon bags in 1978, 1979, and 1980, respec- 
tively. Each bag of seeds was buried 7 cm deep in 
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soil in a 15-cm-diameter plastic pot with drainage 
holes, and the pots were placed in a non-temper- 
ature-controlled greenhouse (no heating or air con- 
ditioning and open windows all year). Mean daily 
maximum and minimum monthly greenhouse tem- 
peratures for the duration of the study were cal- 
culated from continuous thermograph records (table 
1). 

During each year, the soil in the pots containing 
seeds buried in 1978 and 1979 was watered to field 
capacity weekly from May 1 to August 31 and daily 
(except when frozen) from September 1 to April 30. 
These watering regimes simulated soil moisture 
conditions that could occur in the field. For seeds 
buried in 1980, 11 pots were watered to field ca- 
pacity each day from May 27, when they were 
buried, until the last seeds were exhumed on April 1, 
1981. The other 11 pots of seeds were watered 
to field capacity weekly from May 27 to August 31, 
1980, and then daily (except when frozen) until 
April 1, 1981. 

For each collection of seeds, germination tests 
were performed on freshly matured seeds. At 
monthly intervals thereafter, buried seeds were ex- 
humed and tested until the supply of buried seeds 
for each burial date was exhausted. With the 
exception of 1980, when seeds were exhumed on 
June 29 and August 11, rather than on July 1 and 
August 1, seeds were exhumed on the first day of 
each month. Germination tests were carried out in 
light- and temperature-controlled incubators at a 
14-h daily photoperiod and in continuous darkness 
at (12/12 h) alternating temperature regimes of 15/6, 
20/10, 25/15, 30/15, and 35/20 C. These thermo- 
periods approximate the mean daily maximum and 
minimum monthly temperatures 2.5 cm below bare 
soil in north central Kentucky in spring, summer, 
and autumn (J. HILL, unpublished data): March, 
15/6; April, 20/10; May, 25/15; June, 30/15; July 

and August, 35/20; September, 30/15; October, 20/ 
10; and November, 15/6 C. At each thermoperiod, 
the photoperiod extended from 1 h before the be- 
ginning to 1 h after the ending of the high-tem- 
perature period. The light source was 20-W cool 
white fluorescent tubes, and photon flux density at 
seed level was ca. 20 [tmol m-2 sol. 

Seeds were incubated in 5.5-cm plastic petri 
dishes on clean quartz sand moistened with dis- 
tilled water. For dark-incubated seeds, three rep- 
lications of 50-75 seeds each were placed at each 
thermoperiod, and for light-incubated seeds, three 
replications of 50 seeds each were used. All dishes 
were wrapped with plastic film, and those con- 
taining seeds to be incubated in darkness also were 
wrapped with two layers of aluminum foil. All ma- 
nipulations of dark-incubated seeds were done in 
total darkness, and seeds were not exposed to any 
light after they were buried until the germination 
tests were concluded. Seeds incubated in light were 
plated in fluorescent room light. Final germination 
percentages were determined after 15 days of in- 
cubation, and protrusion of the radicle was the 
criterion of germination. Standard errors were de- 
termined for all germination percentages, and both 
values were rounded to the nearest whole number. 

Results 
Seed viability was high throughout the study, 

and only an occasional dead seed was found. On 
November 1, 1979 (seeds buried in 1979) and on 
October 1, 1980 (seeds buried in 1980), seedlings 
were found when the bags of exhumed seeds were 
opened, but less than 1% of the seeds had 
germinated. 

Seeds required light for high percentages of ger- 
mination. Of the 385 germination tests performed 
in darkness, seeds germinated only in 43 (11.2%). 
Germination was greater than 10% in six (1.6%) 

TABLE 1 

MEAN DAILY MAXIMUM AND MINIMUM TEMPERATURES (C) IN THE NON- 

TEMPERATURE-CONTROLLED GREENHOUSE AT LEXINGTON, KENTUCKY 

MAXIMUM MINIMUM 

MONTH 1978 1979 1980 1981 1978 1979 1980 1981 

January .......... -.2 .4 4.9 3.9 - 5.9 - 6.3 - 1.6 -4.0 
February ......... 4.0 3.3 6.1 9.4 - 6.1 - 5.3 - 3.2 .3 
March .......,. 13.9 16.5 12.3 13.7 1.8 5.7 2.2 2.8 
April .......,. 26.9 21.3 21.4 24.9 10.3 9.6 7.8 11.7 
May .............. 24.7 27.7 25.8 25.5 13.4 13.7 14.6 13.3 
June . 30.6 32.9 30.7 32.3 15.0 19.3 18.2 20.2 
July . 33.7 31.9 35.6 31.8 21.2 21.4 23.3 21.2 
August ........... 32.3 32.5 35.1 32.4 21.0 20.9 22.9 20.2 
September ........ 30.8 28.0 30.2 28.6 18.3 17.0 19.3 16.9 
October .......... 20.2 21.0 21.8 22.0 8.7 10.7 9.8 10.8 
November ........ 15.1 14.5 13.8 15.1 6.7 5.3 5.0 6.0 
December .......,. 8.7 9.4 8.8 6.6 1.0 .6 1.3 - .8 
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tests and greater than 15% in three (0.8%). The 
highest germination was 38% for seeds buried in 
1979, exhumed on September 1, 1981, and tested 
at 20/10 C. 

Data for seeds exhumed and tested in light show 
that, during each year of burial, seeds exhibited 
seasonal changes in their germination responses, 
passing from dormancy in spring to nondormancy 
by autumn and back into dormancy by late winter 
(figs. 1, 2). Whereas dormant seeds give little or no 
germination at any temperature, nondormant seeds 
germinate to high percentages over a wide range 
of temperatures. Most of the freshly matured seeds 
in 1978, 1979, and 1980 were dormant and ger- 
minated only at 15/6 C to 4%, 2%, and 28%, 
respectively. 

During burial in summer, dormant seeds pro- 
duced in the current year and those that had been 
buried for 1 and 2 yr afterripened. As this hap- 
pened, seeds first germinated at 15/6 C and then 
at progressively higher temperatures until they ger- 
minated at 30/15 C. Seeds kept continuously wet 
during summer had the same afterripening pattern 
as those that were watered only once each week 
(fig. 2). Seeds were nondormant by autumn and 
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FIG. 1.-Germination percentages (?+ SE, when SE ? 
5%) of Arabidopsis thaliana seeds incubated at a 14-h pho- 
toperiod following 0-30 mo of burial. A, Seeds were buried 
on June 1,1978. B, Seeds were buried on May 19, 1979. 
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FI.2-Germination percentages (?+-SE, when SE 
5%) of Arabidopsis thaliana seeds incubated at a 14-h pho- 
toperiod following 0-1 1 mo of burial. Seeds were buried on 
May 27, 1980. A, Soil was watered daily during summer. 
B, Soil was watered once each week during summer. 

germinated to the highest percentages over the wid- 
est range of temperatures when exhumed in Oc- 
tober (figs. 1, 2). During October and November, 
seeds lost the ability to germinate at 30/15 and 25/ 
15 C, and during winter, they first lost the ability 
to germinate at 20/10 and then at 15/6 C. In most 
cases, seeds were completely dormant when ex- 
humed in January, but low percentages of those 
exhumed in February and March 1979 (fig. 1A) and 
February 1981 (fig. 2) germinated at 15/6 C. How- 
ever, seeds in these lots were completely dormant 
and gave no germination when exhumed in April 
1979 and March 1981, respectively. 

Discussion 
Seeds of Arabidopsis thaliana have been found 

with those of numerous other species of weeds in 
the buried seed pool of arable soils (ROBERTS 1968; 
JENSEN 1969; THOMPSON and GRIME 1979; ROB- 
ERTS and NEILSON 1981). Since exhumed seeds of 
A. thaliana required light to germinate, lack of 
germination during burial may be attributed to the 
continuous darkness of the burial environment. 
However, light is not the only requirement for ger- 
mination of A. thaliana seeds, and whether an ex- 
humed seed germinates on a moist, well-lighted soil 
surface depends on the dormancy state of the seed 
and habitat temperatures. Seeds exhumed in sum- 
mer are in conditional dormancy and thus can ger- 
minate only at temperatures (15/6, 20/10 C) lower 
than those in the habitat. In autumn, seeds are 
nondormant and can germinate over a wide range 
of temperatures, including those in the field. Win- 
ter temperatures are too low for germination, and 
by spring, seeds have reentered dormancy. 

The annual dormancy/nondormancy cycle of A. 
thaliana seeds is different from that of Veronica 
hederifolia (ROBERTS and LOCKETT 1978), V ar- 
vensis (BASKIN and BASKIN 1983), Lamium am- 
plexicaule (BASKIN and BASKIN 1981), and Aphanes 
arvensis (ROBERTS and NEILSON 1982a), in which 
seeds germinate in both autumn and spring. In 
these species, timing of germination determines type 
of life cycle: plants from seeds that germinate in 
autumn are winter annuals, and those from seeds 
that germinate in spring are summer annuals. Thus, 
A. thaliana behaves as a winter annual, whereas 
V hederifolia, V arvensis, L. amplexicaule, and 
A. arvensis behave as both winter and summer 
annuals. 

One of the most obvious environmental factors 
related to the yearly dormancy/nondormancy cycle 
in buried seeds of A. thaliana is the pattern of 
seasonal temperature changes, i.e., high temper- 
atures in summer and low in winter. In some spe- 
cies of winter annuals, dormant seeds afterripen at 
high (25, 30, 30/15, and 35/20 C) but not at low 
(4, 5, and 15/6 C) temperatures (BASKIN and BAS- 
KIN 1972b, 1976; ROBERTS and NEILSON 1982b). 
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During burial, freshly matured seeds of A. thaliana 
and those that had been buried for 1 and 2 yr 
afterripened in summer when temperatures in the 
greenhouse were well within the range of those 
which promote afterripening in seeds of winter an- 
nuals (BASKIN and BASKIN 1972b, 1976; ROBERTS 
and NEILSON 1982 b). In addition, nondormant 
seeds of some species of winter annuals reenter 
dormancy when they are exposed to natural low 
winter temperatures or to 4 or 5 C (BASKIN and 
BASKIN 1973, 1975, 1977, 1979; ROBERTS and 
NEILSON 1982b). In three of the six sets of data on 
autumn-winter induction of dormancy, seeds of A. 
thaliana gave no germination when exhumed in 
January, showing that they had entered dormancy 
between October and the end of December. In the 
other three sets of data, seeds were dormant by 
March or April. Temperatures in the greenhouse 
during autumn and winter were within the range 
of those (4, 5 C) that induce nondormant seeds of 
some species of winter annuals into dormancy 

(BASKIN and BASKIN 19 7 5, 19 7 7, 19 7 9; ROBERTS 
and NEILSON 1982b). 

Although all seeds in our study eventually be- 
came completely dormant during the cold season, 
there may be field situations in which some seeds 
are not induced into dormancy and thus could ger- 
minate on the soil surface in spring. For example, 
seeds may not receive enough hours of exposure to 
the appropriate low temperatures for dormancy in- 
duction during mild winters or when buried deep 
in the soil. Further, we do not exclude the possi- 
bility that some populations of A. thaliana may 
exist in which some seeds are not induced into com- 
plete dormancy during the cold season, regardless 
of the number of hours they are exposed to low, 
inductive temperatures. 

Acknowledgment 
This project has been financed with federal funds 

from the Environmental Protection Agency, grant 
CR-8062 77-02. 

LITERATURE CITED 

BASKIN, J. M., and C. C. BASKIN. 1972a. Ecological life cycle 
and physiological ecology of seed germination of Arabidopsis 
thaliana. Can. J. Bot. 50:353-360. 

. 1972b. Physiological ecology of germination of Viola 
rafinesquii. Amer. J. Bot. 59:981-988. 

. 1973. Delayed germination in seeds of Phacelia dubia 
var. dubia. Can. J. Bot. 51:2481-2486. 

. 1975. Ecophysiology of seed dormancy and germination 
in Torilis japonica in relation to its life cycle strategy. Bull. 
Torrey Bot. Club 102:67-72. 

. 1976. High temperature requirement for afterripening 
in seeds of winter annuals. New Phytol. 77:619-624. 

. 1977. Germination ecology of Sedum pulchellum Michx. 
(Crassulaceae). Amer. J. Bot. 64:1242-1247. 

. 1979. The ecological life cycle of Thlaspi perfoliatum 
and a comparison with published studies on Thlaspi arvense. 
Weed Res. 19:285-292. 

. 1981. Seasonal changes in the germination responses 
of buried Lamium amplexicaule seeds. Weed Res. 21:299- 
306. 

. 1983. Germination ecology of Veronica arvensis. J. Ecol. 
71:5 7-68. 

BRENCHLEY, W. E. 1918. Buried weed seeds. J. Agr. Sci. 9:1- 
31. 

BRENCHLEY, W. E., and K. WARINGTON. 1930. The weed seed 
population of arable soil. I. Numerical estimation of viable 
seeds and observations on their natural dormancy. J. Ecol. 
18:235-2 72. 

GLEASON, H. A., and A. CRONQUIST. 1963. Manual of the 
vascular plants of northeastern United States and adjacent 

Canada. Van Nostrand Reinhold, New York. 810 pp. 
JENSEN, H. A. 1969. Content of buried seeds in arable soil in 

Denmark and its relation to the weed population. Dansk Bot. 
Ark. 27:6-56. 

KROPAI, Z. 1966. Estimation of weed seeds in arable soil. Pe- 
dobiologia 6:105-128. 

LAIBACH, F. 1951. Uber sommer- und winterannuelle Rassen 
von Arabidopsis thaliana (L.) Heynh. Ein Beitrag zur Atiol- 
ogie der Blutenbildung. Beitr. Biol. Pflanz. 28:173-2 10. 

RATCLIFFE, D. 1961. Adaptation to habitat in a group of annual 
plants. J. Ecol. 49:187-203. 

ROBERTS, H. A. 1968. The changing population of viable weed 
seeds in an arable soil. Weed Res. 8:253-256. 

ROBERTS, H. A., and P M. LOCKETT. 1978. Seed dormancy 
and periodicity of seedling emergence in Veronica hederifolia 
L. Weed Res. 18:41-48. 

ROBERTS, H. A., and J. E. NEILSON. 1981. Changes in the soil 
seed bank of four long-term crop/herbicide experiments. J. 
Appl. Ecol. 18:661-668. 

. 1982a. Seasonal changes in the temperature require- 
ments for germination of buried seeds of Aphanes arvensis 
L. New Phytol. 92:159-166. 

. 1982b. Role of temperature in the seasonal dormancy 
of seeds of Veronica hederifolia L. New Phytol. 90:745-749. 

ROBERTS, H. A., and P. G. STOKES. 1966. Studies on the weeds 
of vegetable crops. VI. Seed populations of soil under com- 
mercial cropping. J. Appl. Ecol. 3:181-190. 

THOMPSON, K., and J. P. GRIME. 1979. Seasonal variation in 
the seed banks of herbaceous species in ten contrasting hab- 
itats. J. Ecol. 67:893-921. 

This content downloaded from 129.2.19.100 on Wed, 4 Feb 2015 00:54:39 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 540
	p. 541
	p. 542
	p. 543

	Issue Table of Contents
	Botanical Gazette, Vol. 144, No. 4 (Dec., 1983), pp. i-x+461-621
	Volume Information [pp. ]
	Front Matter [pp. ]
	Avirulence and Reduced Extracellular Enzyme Activity in Geotrichum candidum [pp. 461-465]
	Growth and Nitrogen Assimilation of Soybeans in Response to Ammonium and Nitrate Nutrition [pp. 466-470]
	Photoperiod Effects on Soybean Growth during the Onset of Reproductive Development under Various Temperature Regimes [pp. 471-476]
	Potential Effects of Elevated Carbon Dioxide Levels on Seed Germination of Three Native Plant Species [pp. 477-480]
	Phloem Translocation from a Leaf to Its Nodal Region and Axillary Branch in Populus deltoides [pp. 481-490]
	Comparison of Testa Development in Normal and Hull-Less Seeded Strains of Cucurbita pepo L. [pp. 491-500]
	Ontogeny and Ultrastructure of Secretory Oil Cells in Magnolia grandiflora L. [pp. 501-512]
	The Quantitative Distribution of Trichosclereids and Raphide Crystal Cells in Monstera deliciosa [pp. 513-518]
	The Role of the Meristem in Gametophyte Development of the Osmundaceous Fern Todea barbara (L.) Moore [pp. 519-524]
	Gametophyte Plasticity and Its Bearing on Sex Expression in Todea barbara (L.) Moore [pp. 525-532]
	Effect of Some Physical Factors on Growth and Gametangial Induction in Male Clones of Three Mosses Grown In vitro [pp. 533-539]
	Seasonal Changes in the Germination Responses of Buried Seeds of Arabidopsis thaliana and Ecological Interpretation [pp. 540-543]
	Ecotypic Differentiation for Dormancy Levels in Oversummering Buds of Phalaris aquatica L. [pp. 544-551]
	Autumn Leaf Fall and Nutrient Return in an Old-Growth and a Second-Growth Forest in Eastern Kentucky [pp. 552-558]
	Chromosome Studies of Metasequoia glyptostroboides and Taxodium distichum [pp. 559-565]
	Variation in Floral Fragrances and Morphology: Incipient Speciation in Cycnoches? [pp. 566-576]
	Erratum: Sunlight-Enhanced Ethylene Evolution by Developing Inflorescences of Catasetum and Cycnoches and Its Relation to Female Flower Production [pp. 576]
	Leaf Flavonoid Chemistry of North American coreopsis (Compositae): Intra- and Intersectional Variation [pp. 577-583]
	Genetics of Ustilago violacea. XV. Half-Tetrad Analysis, Single Selection, and Double Selection as Mapping Strategies [pp. 584-588]
	Fertile Pinnae of Biscalitheca (Zygopteridales) from the Upper Pennsylvanian of the Appalachian Basin [pp. 589-599]
	The Morphology and Reproductive Biology of the Sigillarian Cone Mazocarpon [pp. 600-613]
	Back Matter [pp. ]



