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Abstract

Nimble will (Muhlenbergia schreberi Gmel.), a native perennial
C4 grass, is a serious weed in horse pastures in the Bluegrass Region
of Kentucky. This study investigated the dormancy breaking and
germination requirements of this species. Seeds mature in October,
are dispersed mostly during autumn and winter, and germinate in
spring. Seeds were dormant at maturity, but they became nondor-
mant during (1) dry storage in the laboratory, (2) 99 days of
incubation on moist sand at 35/20° C, or (3) cold stratification.
Germination percentages were higher in light than in darkness, and
cold stratified seeds germinated to higher percentages than dry-
stored seeds. Seeds sown in a nonheated greenhouse in autumn
were cold stratified during winter, and they germinated in spring
when temperatures became nonlimiting. However, seeds that
remained on the parent plants in the field over winter did not gain
the ability to germinate at spring temperatures (20/10°C) by
spring. Under some test conditions, the intact palea and lemma
inhibited germination, but under other conditions they were not
inhibitory.

Nimble will (Muhlenbergia schreberi Gmel.) is a native warm-
season or C4(Bender 1971, Hattersley and Watson 1976) perennial
grass whose geographical range extends from southern Ontario
and New England to northern Florida, westward to Iowa and
central Texas (Pohl 1969, Dore and McNeill 1980). The original
habitat of the species was light shade of moist forests (Pohl 1969),
but it also now is common in lawns, waste places, and other
disturbed habitats (Pohl 1969, Swink and Wilhelm 1979). Nimble
will is the weediest species in the subgenus Muhlenbergia (Pohl
1969), and Holm et al. (1979) list it as a common weed in the USA.
In Kentucky the species is a weed in pastures and hay crops
(Palmer 1979). However, aside from general information given in
various taxonomic works, only a few scattered references on this
species have been found in the literature.

Nimble will is a serious problem in horse pastures in the Blue-
grass Region of Kentucky, where Kentucky bluegrass (Poa praten-
sis L.) is the preferred grass (J.K. Evans, pers. comm.). The species
is unpalatable to horses, and thus its presence decreases the grazing
quality of the bluegrass pastures. Additionally, nimble will-
infested pastures are unsightly from autumn to spring, when the
species shows up as dead patches of grass in the bluegrass sod.

In view of the importance of nimble will as a weed in horse
pastures in central Kentucky and the paucity of information on the
species, we are undertaking a study of its life cycle biology. This
paper reports on the dormancy breaking and germination require-
ments of nimble will seeds. A knowledge of when seeds germinate
and what environmental factors break dormancy and promote
germination will aid in planning a successful management strategy
for this species.

Nimble will is a hemicryptophyte (Ennis 1928, McDonald 1937,
Gibson 1961) with weak, slender sprawling culms that fall over and
root at the nodes. The plants lack true stolons or rhizomes. In July,
buds are initiated at the basal nodes of the culms. These buds give
rise to new culms, which grow to a length of 1 to 5 cm by the
beginning of winter. The new culms remain green during winter but
do not elongate. Growth of the culms resumes in early spring, and
by July they are fully elongated. Plants flower in August and
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September, and seeds are mature by late October. Seeds remain
attached to the mother plant at maturity, and most of them are
dispersed during autumn and winter.

Methods

The first objective was to determine when nimble will seeds
would germinate in a nonheated greenhouse, where temperatures
were near those out-of-doors (Baskin and Baskin 1981). Mean
daily maximum and minimum weekly temperatures for the dura-
tion of the study were calculated from continuous thermograph
records. Freshly matured caryopses (hereafter called seeds) were
collected on 21 October 1981, and 7 days later 3 replications of 300
seeds each with the palea and lemma (hulls) intact were sown on
soilin small flats. The soil was watered daily, except when frozenin
winter, until the study was terminated on 18 May 1982. The flats
were examined for seedlings at 7-day intervals.

Objective two was to test the temperature and light requirements
for germination of seeds exhumed after 0 to 12 months of burial in
soil. Seeds were collected on 21 October 1981, and 7 days later
about 3,000 were placed in each of 12 fine-mesh nylon bags. Each
bag was buried to a depth of 7 cm in soil in a 15-cm-diameter clay
pot. The pots were kept in the nonheated greenhouse and watered
daily, except when frozen. Germination tests were conducted on
fresh seeds and on those that had been buried for 1 to 4 months. We
originally planned to exhume seeds each month until November
1982. However, many of the buried seeds germinated in the soil in
March 1982, so the experiment was terminated. Germination tests
were ?erformed in incubators at a 14-h photoperiod (ca. 20 umol

, 400-700 nm) and inconstant darkness at (12/ 12 h) alternat-
mg temperature regimes of 15/6,20/ 10,25/ 15,30/ 15,and 35/20°C.
Seeds were incubated on moist sand in 5.5-cm petri dishes. For
dark-incubated seeds, 3 dishes of 50-75 seeds were placed at each
temperature, and for light-incubated seeds 3 dishes of 50 seeds were
used. Dishes incubated in darkness were wrapped with 2 layers of
aluminum foil, and all manipulations of dark-incubated seeds were
carried out in total darkness. Germination percentages were
determined after 15 days.

Objective three was to determine the effects of cold stratification
on germination of seeds with and without hulls. Seeds were col-
lected on 7 November 1982, and studies were initiated 4 days later.
Seeds were placed on moist sand in 5.5-cm petri dishes, and 3
replications of 50 seeds each were used for each treatment. Seeds
with and without hulls were given 3, 6, and 9 weeks of cold
stratlﬁcatlon at 5°Cinlight (14-h dally photoperiod, 20 umol m™®

! 400-700 nm) and then tested in light at 15/6, 20/10, 25/15,
30 / 15,and 35/20°C. Also seeds stratified for 12 weeks in light were
incubated in light and darkness at the 5 thermoperiods, and those
stratified for 12 weeks in darkness were incubated in light and
darkness. Germination percentages were determined after 15 days
of incubation. In one set of controls, fresh seeds with and without
hulls were placed in light and darkness at the 5 thermoperiods.
After 15 days the seeds were examined, and those tested in dark-
ness were discarded. Seeds tested in light were kept at their respec-
tive incubation temperatures until the experiment was terminated
12 weeks later. They were examined at 15-day intervals. In the
second control, seeds with and without hulls were placed in closed
bottles in the laboratory (ca 22-25°C). After 3, 6,9, and 12 weeks
of storage, seeds were incubated in light for 15 days at the 5
thermoperiods. After 12 weeks of storage, seeds also were tested in
darkness at all thermoperiods. Germination percentages of seeds
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with and without hulls at each test condition were compared using
Student’s s-test at the 5% level of significance.

Objective four was to determine if seeds that remain on the
parent plant all winter become nondormant. On 23 March 1982,
seeds produced in 1981 were collected from plants in the field, and
their germination with and without hulls was compared to that of
seeds stored dry with and without hulls in the laboratory since 21
October 1981. Seeds were incubated in light and darkness for 15
days at the 5 thermoperiods. The least significant difference for all
germination percentages at each thermoperiod was computed
using Tukey’s Honestly Significant Difference test (HSD) at the
5% level of significance.

Results and Discussion

Freshly matured seeds of nimble will were dormant and thus did
not germinate in light or darkness at any thermoperiod (Fig. Ic, d).
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Fig. 1. Germination of nimble will seeds. (a) Mean daily maximum and
minimum weekly air temperatures in the nonheated greenhouse. (b)
Germination of seeds planted on soil in the greenhouse. (c) Germination
of freshly matured seeds and those buried in soil in the greenhouse for 1
to 4 months and exhumed on 1 December, 1 January, 1 February, and 1
March. Seeds were incubated at a 14-h photoperiod at 5 thermoperiods.
(d) Germination of freshly matured seeds and of those exhumed on 4
dates and incubated in darkness at 5 thermoperiods.

During winter, seeds exposed to natural temperatures in the non-
heated greenhouse lost their dormancy (afterripened). Seeds sown
on soil in the greenhouse in October began to germinate in mid
March and continued to germinate until mid May (Fig. 1b). A total
of 349 (39%) of the 900 seeds germinated. The peak of germination
occurred between 15 March and 5 April, when mean daily maxi-
mum and minimum temperatures were 19.5 and 5.5°C, respec-
tively (Fig. 1a). In March, exhumed seeds germinated to 5, 54, 82,
77, and 73% in light at 15/6, 20/ 10, 25/15, 30/ 15, and 35/20°C,
respectively, and to 0, 31, 20, 24, and 16%, respectively, in darkness
(Fig. Ic, d). Since seeds exhumed on 1 March germinated to 31%at
20/10°C in darkness, it is not surprising that many buried seeds
germinated in the nonheated greenhouse during March.

Seeds of nimble will do not require cold stratifiction to after-
ripen (Fig. 2). Control seeds with and without hulls kept on moist
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Fig.2. Germination after 15 days of incubation in light at 5 thermoperiods
of nimble will seeds with (shaded bars) and without (open bars) hulls
Jfollowing 0 to 12 weeks of cold stratification or dry storage. The 0-week
controls remained at the thermoperiods for 99 days; no seeds had germi-
nated after 15 days. Seeds stratified for 12 weeks in light or darkness were
incubated in both light (LL, DL)and darkness (LD, DD). * = significant
at the 5% level using Student’s t- test.

sand at 35/20°C germinated to 99 and 100%, respectively, during
the 99-day incubation period. Also, seeds with and without hulls
stored dry in the laboratory for 12 weeks germinated to 65 and
81%, respectively, at 35/20° Cin light. However, with only 3 excep-
tions, at 20/ 10 and 25/ 15°C, seeds with and without hulls stratified
for3,6,9,and 12 weeks at 5°C germinated to higher percentages at
all thermoperiods than seeds with and without hulls stored dry in
the laboratory for 3, 6, 9, and 12 weeks. Light was required for a
high percentage of the seeds to germinate, and light given during
stratification did not promote germination of seeds subsequently
incubated in darkness. For each treatment and control, germina-
tion percentages of seeds incubated in light tended to increase with
temperature.

Since most nimble will seeds are dispersed in autumn and winter,
they are cold stratified during winter. Thus, they are nondormant
by early spring and germinate when temperatures become nonlim-
iting. Seeds that were not dispersed during autumn and winter
germinated to only 5% at spring (20/ 10°C) temperatures in spring
(Table 1). In order for seeds to be cold stratified, they must be
imbibed, so undispersed seeds must have been dry (non imbibed)
for much of the winter.

Nimble will seeds without hulls germinated to a significantly
higher percentage than those with hulls in 14 of the 70 laboatory
tests (Fig. 2). In many species of grasses, the presence of hulls has
been shown to inhibit germination by restricting the diffusion of
gases (Vose 1965, Mott 1974, Renard and Capelle 1976), mechani-
cally restricting embryo growth (Andersen 1953, Martin 1975) and
the presence of inhibitory chemicals (Ahring, Eastin and Garrison
1975, Renard 1976, Kato et al. 1977). Under some test conditions
hulls were inhibitory to germination in nimble will, while under
other test conditions there was no significant difference in germina-
tion of seeds with and without hulls. The role of hulls in regulating
germination of this species in the field is unknown. However, hulls
were still on the seeds of nimble will that germinated in the non-
heated greenhouse.

Studies on the germination of sand muhly (Muhlenbergia are-
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Table 1. Germination percentages (mean + SE) of nimble will seeds that matured in 1981. Seeds were tested after O (fresh) and S months of afterripening in
dry storage in the Iaboratory and after 5 months on the dead, erect flowering culms in the field. Tukey’s HSD for each thermoperiod is given at the foot of

each column.

Incubation temperatures (°C)

Treatment Hulls Light ordark  15/6 20/10 25/15 30/15 35/20
Fresh present light 0 0 0 0 0
present dark 0 0 0 0 0
absent light 0 0 0 0 0
absent dark 0 0 0 0 0
Dry storage present light 11+3 6415 8413 94+1 97t1
present dark 1+1 1+1 210 412 1+1
absent light 6212 6112 8315 9911 9542
absent dark 11 1x1 212 KR 1+1
Field present light 0 5x1 11£2 2512 60t1
present dark 0 1+1 0 31 1513
absent light 0 7+3 2443 4114 576
absent dark 0 1x1 1£1 11£5 1243
HSD 4 11 12 12 13

nicola Buckl.) (Jackson 1928), bushy muhly (M. porteri Scribn.)
(Jackson 1928, Toole 1938, Ashley and Hellmers 1955, Knipe and
Herbel 1966), upland wild timothy (M. racemosa (Michx.) B.S.P.)
(Toole 1938), purple muhley (M. rigens (Benth.) Hitchc.) (Toole
1938) and spike muhly (M. wrightii Vasey) (Sabo et al. 1979)
indicate that they germinate well at high (20/30, 20/35, 25°C)
temperatures, as do seeds of nimble will. In bushy muhly, purple
muhly and upland wild timothy, 14 days of chilling had no effect on
germination (Toole 1938). However, in none of these studies were
freshly matured seeds tested to determine if they were dormant. In
Jackson’s (1928) study of bush muhly, 6-month-old seeds germi-
nated to 75% at 25° C. With this exception, the ages of all the other
seeds in the various studies are unknown. Further, in none of these
studies were the storage conditions of the seeds given. Thus, we
must assume that seeds of these 5 species of Muhlenbergia were
either nondormant at maturity, or, more likley, they were dormant
at maturity and afterripened in dry storage, as do seeds of nimble
will.

The fear by thoroughbred farm owners and managers that her-
bicides will do harm to their horses precludes the use of herbicides
in most bluegrass pastures. Thus, control of nimble will is difficult.
One place to start a management program that perhaps may lead to
a significant decrease of nimble will in horse pastures would be to
prevent germination in areas of a pasture where the sod is discon-
tinuous. However, any seeds that are imbibed during winter will
afterripen and germinate in spring, even though they may have
become covered by soil during winter. Although seeds stratified at
5°C in darkness gave little or no germination in darkness at the 5
test thermoperiods (Fig. 2), those buried in soil and exposed to
natural temperatures during winter germinated to 31% when
exhumed and tested at spring (20/ 10°C) temperatures in March
(Fig. 1d). Spread of the species by seeds in a pasture could be
prevented by not allowing plants to set seeds. Close mowing during
flowering in August and September should reduce the number of
seeds produced. Further, fertilizing pastures during the cool season
would enhance the early growth of bluegrass, and thus incease its
competitiveness with both seedlings and established plants of nim-
ble will in spring.
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