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 Seasonal Changes in the Germination Responses of Buried Witchgrass (Panicum capillare) Seeds'

 JERRY M. BASKIN and CAROL C. BASKIN2

 Abstract. Buried seeds of witchgrass (Panicum capillare L.,
 #3 PANCA) exposed to natural seasonal temperature changes
 in Lexington, KY, for 0 to 35 months exhibited annual
 dormancy/nondormancy cycles. Seeds were dormant at
 maturity in early October. During burial in late autumn
 and winter, fresh seeds and those that had been buried for

 1 and 2 years became nondormant. Nondormant seeds germi-
 nated from 76 to 100% in light at daily thermoperiods of
 15/6, 20/10, 25/15, 30/15, and 35/20 C, while in darkness
 they germinated from 1 to 24%. In late spring, seeds lost the
 ability to germinate in darkness, and by late summer 63
 to 100% of them had lost the ability to germinate in light.
 As seeds became nondormant, they germinated (in light)
 at high (35/20, 30/15 C) and then at lower (25/15, 20/10,
 and 15/6 C) temperatures. As seeds reentered dormancy,
 they lost the ability to germinate (in light) at 15/6 C and
 at higher thermoperiods 2 to 3 months later.

 Additional index words. Summer annual, temperature re-
 quirement, dormancy, light requiring, PANCA.

 INTRODUCTION

 Witchgrass is a native North American species that
 originally occurred from Florida to Texas north to south-
 eastern Maine, southwestern Quebec, southern Ontario,
 southern Manitoba, and Montana (5). In this region, the
 species is found in cultivated fields, meadows, gardens, and
 waste areas (21), overgrazed native prairie pastures (22,
 23), abandoned plowed land in the prairie region (4), re-
 cently exposed lake beds (10), burned-over bracken grass-
 land (20), and burned Jack pine (Pinus banksiana Lamb.)
 sites (1). Witchgrass also grows in several types of natural
 plant communities, including cedar (limestone) glades (17)
 and loess prairies (12). Witchgrass has spread beyond its
 original geographical range and now is a weed of waste places
 and rotation crops in many European, South American, and
 Asiatic countries, and in Australia, New Zealand, Mexico,
 and throughout most of the United States (6).

 Witchgrass is a C4 (7) summer annual, and seeds germi-
 nate in spring and summer. Plants flower in July and August
 (11, 16), and seeds are mature in early to mid-October (3).
 Under noncompetitive conditions, witchgrass is a prolific
 seed producer and may produce up to 56400 seeds per plant
 (8, 15).

 ' Received for publication February 18, 1985, and in revised form
 May 17, 1985.

 2Prof. and Adjunct Assoc. Prof., School Biol. Sci., Univ. Kentucky,
 Lexington, KY 40506-0225.

 3Letters following this symbol are a WSSA-approved computer
 code from Composite List of Weeds, Weed Sci. 32, Suppl. 2. Avail-
 able from WSSA, 309 West Clark St., Champaign, IL 61820.

 Although witchgrass is a widespread weed, not much
 is known about its germination requirements as they relate
 to the field. A prerequisite to understanding the timing of
 germination is a knowledge of germination responses of
 buried seeds throughout the annual seasonal temperature
 cycle. Thus, this study was conducted to test the temperature
 and light requirements for germination of exhumed witch-
 grass seeds buried in soil for 0 to 35 months. A study of
 the germination requirements of buried seeds of witchgrass
 is of special interest because seeds of this species remain
 viable in the soil for long periods of time (9, 13, 14, 19).

 MATERIALS AND METHODS

 Ripe seeds (caryopses) were collected from witchgrass
 plants growing in Wilson County, Tennessee, (36013 N,
 8601 9'W) on October 1, 1981, and were dried for 3 days
 in the laboratory. Approximately 3000 seeds were placed
 in each of 34 fine-mesh (average area of openings was 0.13
 mm2) nylon bags, and each bag was buried to a depth of
 7 cm in greenhouse potting soil in 15-cm-diam by 15-cm-
 depth clay pots (volume = 1700 ml) with drainage holes.
 The pots were kept in a non-temperature-controlled green-
 house. Mean daily maximum and minimum monthly tem-
 peratures were calculated from continuous thermograph
 records (Figure 1). Soil in the pots was watered daily from
 September 1 through April 30 (except on days when it was
 frozen) and once each week from May 1 through August
 31. These watering regimes were given to simulate soil mois-
 ture conditions that could occur in the field.

 Germination tests were performed in light- and temper-

 ature-controlled incubators with a 14-h photoperiod (ca.
 20 pmolm2 .s , 400-700 nm) or constant darkness at
 alternating temperature regimes (12/12 h) of 15/6, 20/10,
 25/15, 30/15, and 35/20 C. These thermoperiods approxi-
 mate mean daily maximum and minimum monthly air
 temperatures during the growing season in central Tennessee
 (18): March and November, 15/6; April and October, 20/10;
 May, 25/15;June and September, 30/15; and July and August,
 35/20 C. At each thermoperiod, the photoperiod extended
 from 1 h before the high temperature period began to 1 h
 after it ended.

 Germination tests were conducted on freshly matured
 seeds (0 months of burial) and on those that had been buried
 for 2 to 35 months. Beginning on December 1, 1981, seeds
 were exhumed on the first day of each month for 34 months.
 Seeds were incubated on moist sand in 5.5-cm-diam. petri
 dishes. For dark-incubated seeds, three replications of
 50 to 100 seeds each were placed at each temperature,
 and for light-incubated seeds three replications of 50 seeds
 each were used. All dishes were wrapped with plastic film,
 and those to be incubated in darkness were wrapped with
 two layers of aluminum foil. All manipulations of dark-
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 incubated seeds were carried out in total darkness, and thus

 these seeds were not exposed to any light after they were
 buried until the germination tests were concluded. In darkness

 the bag of seeds was removed from the pot of soil, cut open
 with scissors, and the seeds were poured into a dish. A "pinch"
 of 50 to 100 seeds then was placed in each dish to be incu-

 bated in darkness. Seeds incubated in light were counted
 into replicates of 50 each using fluorescent room light. Ger-
 mination percentages were determined after 15 days;
 protrusion of the radicle was the criterion for determining
 germination. Data were transformed to percentages for

 analyses, and standard errors were calculated for all germi-
 nation percentages. The least significant differences for all
 germination percentages in light and darkness were com-
 puted using Tukey's honestly significant difference test
 (HSD) at the 5% level of significance.

 RESULTS AND DISCUSSION

 Seed viability remained high throughout the study. During
 March and April of each year, two or three germinated seeds
 were found in each bag of exhumed seeds; these were dis-
 carded and not counted in the results of the germination
 tests.

 Freshly matured seeds of witchgrass were dormant, and

 consequently did not germinate at any thermoperiod in
 either light or darkness (Figure lb,c). During the three-

 year study period, germination of seeds incubated in light
 at all thermoperiods increased from 0 to 19% in October

 to 69 to 100% in May, and it declined from June through

 October, reaching a minimum of 0 to 19% in October. As

 seeds came out of dormancy, they first gained the ability

 to germinate at high (35/20, 30/15 C) and then at progres-
 sively lower thermoperiods. As seeds reentered dormancy,
 they first lost the ability to germinate at 15/6 C, and 2 to

 3 months later they lost the ability to germinate at the other

 thermoperiods. Dark-incubated seeds exhumed from October

 to April germinated to only 1 to 24% at all thermoperiods,
 while those exhumed during May through September did
 not germinate at any thermoperiod.

 Witchgrass seeds are dormant at maturity and do not

 germinate immediately after dispersal. Seeds become non-

 dormant under natural low temperature conditions during
 late autumn and winter, and they germinate in spring and

 summer when light and soil moisture are not limiting. Since

 seeds exhumed in April of each year germinated from 98
 to 100% in light but from only 3 to 13% in darkness at the

 simulated April (20/10 C) temperature (Figure lc) and only
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 Figure 1. (a) Mean daily maximum and minimum monthly temperatures in the non-temperature-controlled greenhouse for the duration of the
 study. (b) Germination percentages (mean ? SE, if > 5%) of witchgrass seeds incubated in light for 15 days following 0 to 35 months of burial
 in soil. Tukey's HSD at the 5% level of significance is represented by the bar on the left side of the figure. (c) Germination percentages (mean ? SE,
 if 5 5%) of witchgrass seeds incubated in darkness for 15 days following 0 to 35 months of burial in soil. Tukey's HSD at the 5% level of signifi-
 cance is represented by the bar on the left side of the figure.
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 2 or 3 germinated seeds were found in each of the bags of
 seeds exhumed in April, it is concluded that light is required
 for germination. Thus, buried witchgrass seeds fail to ger-
 minate at high percentages in spring, even if temperatures
 are optimal. By late summer 63 to 100% of the buried seeds
 reenter dormancy, and this induced (secondary) dormancy
 is broken during late autumn and winter. It is not known

 how many times buried seeds of witchgrass can go into and
 out of dormancy, but viable seeeds have been found in soil

 from 47-year-old white (Pinus strobus L.) and red (P. resinosa

 Ait.) pine plantations (14). In view of the high (87 to 99%)
 germination percentages in light at the simulated April
 thermoperiod (20/10 C) of seeds exhumed in April (Figure

 lb), we suggest that most, perhaps all, of the seeds on the
 soil surface germinate in spring. Further, any germination
 during summer is probably due to soil disturbance which

 brings buried seeds to the surface where light is nonlimit-
 ing.

 Seeds of the summer annual grass fall panicum (Panicum
 dichotomiflorum Michx., #3 PANDI) also exhibit seasonal
 changes in their germination responses (2). Fall panicum
 is like witchgrass in that its seeds are dormant at maturity

 and become nondormant during late autumn and winter.

 Unlike witchgrass seeds, however, those of fall panicum
 exhumed in summer germinated to high percentage in dark-

 ness at simulated summer (35/20 C) temperatures. Thus,
 unless some factor of the burial environment other than

 darkness prevents germination of buried fall panicum seeds,
 many of the seeds would be able to germinate during sum-
 mer. Since exhumed seeds of witchgrass did not germinate

 in darkness at any of the five thermoperiods during summer
 (Figure ic), it is unlikely that many of the buried seeds
 germinate in the field during summer.
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