GROWTH AND FLOWERING OF DANTHONIA SERICEA POPULATIONS!

JaMEs RoOTSETTIS, JAMES A. QUINN, AND
Davip E. FAIRBROTHERS
Department of Botany, Rutgers University, New Brunswick, New Jersey

Abstract. Seasonal growth and flowering in relation to environmental stimuli were studied
in 20 populations of Danthonia sericea Nutt, ranging from New Jersey to Georgia. Flowering
in the natural habitat was correlated (r==0.988) with latitude, but New Jersey transplant
and greenhouse tesis indicated that populations of this species can be separated into three
groups on the basis of their habitat and flowering response mechanism. Populations with
glabrous sheaths from hogs or wet areas next to rivers ar ponds in New Jersey required only
adequate air and soil temperatures for growth and subsequent flowering. In these wet habitats
substrate temperature apparently serves as the environmental stimulus to which the plants
respond. For the populations with pubescent sheaths occurring at openings or fringes of
upland pine-oak forests on well-drained, sandy soils and for the glabrous populations occur-
ring along stream borders and drainage areas adjacent to granite outcrops in Georgia, an
additional requirement for specific photoperiods apparently exists.

INTRODUCTION

Danthonia sericea Nutt. is an ecologically variable

- species of the eastern United States, ranging from
New Jersey to Florida and west to Louisiana. In a
species with such a wide geographic-ecologic distri-
butien, seasonal growth and development must be
attuned to the particular habitat in which a popula-
tion oceurs. This may be accomplished by specific
responses to temperature, photoperiod, or other en-
vironmental stimuli. Recognition of the importance
of photoperiodism in plant-environment relationships
dates back to the pioneering work of Garner and
Allard (1920). Obhserving that some of the plants
they studied had an extensive porth-south distribu-
tion, they hypothesized that adjustment te such a
wide range of conditions depended upon different
physiological requirements of “types” developed as
a result of natural selection. Among species of tha
Gramineae, Allard and Evans (1941}, Olmsted
(1944, 1945), Larsen {1947}, McMillan (19564, b,
1957, 1959, 1965, 1967}, Quinn {1969}, Quinn and
Ward (1969), Ward (1969), and others have re-
ported genetic variation in the growth and flowering
of species-populations collected from wvaried geo-

graphic areas and grown in uniform environments.
Danthonia sericea is a perennial grass which com-
mences vegetative growth in its patural habitat in
early spring and flowers in late spring or early sum-
mer depending upon the latitude of the population.
Danthonia sericea var. sericea ocecurs on acid, well-
drained sandy soils in openings or along the fringes
of pine-oak forests. It has villous sheaths and is also
villous along the back of the lemma. This pubescent
variety 18 distributed chiefly on the coastal plain,
especially in sand barrens, from southern New Jer-
sey to northern Florida and east to Kentucky and
Louisiana (Hitchcock 19513},
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Danthonia sericea var. epilis (Scribn.) Blomag.
occurs in cedar bogs in the northern portion of its
geographic range in southern New Jersey and along
stream borders ar in granite outcrops in Georgia.
This variety has foliage with relatively glabrous
sheaths and very thin lemmas that are villous only
on the margins (Gleason and Cronquist 1963).

The purpose of this research was the investigation
of seasanal growth and development of populations
in relation to latitude and contrasting habitat types.
The study utilized clones of Danthonia sericea col-
lected from different latitudes and habitats and grown
under transplant garden, greenhouse, and experimen-
tal photoperiod conditions.

MEeTHODS AND MATERIALS

Clonal materials—transplant garden

In the summer of 1967 plants from 16 collection
sites were transplanted te a uniform garden at the
William L. Hutcheson Memorial Forest located
approximately [ mile east of East Millstone, N. I.
(40° 30’ N, 74° 34' W) on the Piedmont. The gar-
den area js underlain by Triassic red shale of the
Brunswick formation (Kummel 1940). The garden
location is level with a moderately well-drained silt
loam soil of pH 5.0 (1:5).

Apnual mean temperature at a New Brunswick
weather station approximately 9 miles east was
53.0°F (1963-68). During 1968 average minimum
and maximum temperatures during January were
19.5° and 35.6°F and for July were 65.6° and
86.0°F. Sparkes and Buell (1955) found air temper-
ature extremes of —8° and 112°F in a grassy old-
field area near the garden area. Soil temperatures
{4 ¢m below the surface) in the grassy old-field area
ranged from 30° to 90°F (Sparkes and Buell 1955).
The duration of the annual growing season is ap-
proximately 240 days (Monk 1961), and precipita-
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tion during 1967, 1968, and 1969 totaled 49.06,
46.15, and 45.18 inches, respectively.

Callection areas provided both a latitudinal and
a habitat-type sampling of Danthonia sericea pep-
ulations (Fig. 1). Danthonia sericea var. sericea
- populations from. New Jersey (NES, NGS, WNIS,
BNIS, LNJS}, Delaware (DLS), Virginia (GS, FS),
North Carolina (NCS), South Caraolina (SCS8), and
Georgia (RCS, RS} were studied., These popula-
tions occurred in uplands on well-drained, sandy
seils {sand content ranging from 57% tc 89%).
Populations of the epilis taxon were collected in
New Jersey (CHE, FRE, MFE, BAE} and Georgia

(AME, LE, RCE). Soils or substrate for these pop-

ulations generally consisted of 20-30 cm of a dense
root and peat mat lying above a sandy or rocky
substratum. One Georgia collection site {LSM)} pro-
vided clones of both the sericea and epilis taxa as
well as plants considered to be *‘intermediate” in
diagnostic morphological characteristics. Soil pH for
the 20 populations varied between 4.2 and 5.2 and
was not correlated with either habitat type (bog or
upland) or latitude of the population. Detailed de-
scriptions of the collection sites are presented hy
Rotsettis (1970).

Samples from the collection sites each consisted
of eight randomly chosen clones. Six of these clones
were selected from each of the population collec-
tions and divided into three ramets each for planting
in the transplant garden. The garden layout con-
sisted of a randomized block design with three repli-
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Fie. 1. Geographic location of populations of Dan-
thonia sericea tilized in the variols experiments. Stars
indicate single populations, and the larger black circles
denote a general area in which several populations were
located, :
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cates. Each of the 16 populations was represented
by one row within each replicate. Each row con-
tained ope ramet of each of the six clones of that
population, with random distribution of clones within
the row. Fach of the rows was randomly distributed
within each of the three replicates. The ramets were
planted at 40-inch intervals, both between and within
rows. The plants were watered when planted in the
summer of 1967 and also at several other times
during a dry period in the summer of 1968. Cultj-
vation proceeded on a regular basis, and the garden
was kept weed-free to insure maximum uniformity.

Weekly phenology and height-growth readings
were taken April through August in 1968. In 1969
weekly phenology and growth readings were termi-
nated in June because of poor survival and growth
of plants. Poor survival of several of the populaticns
had necessitated another collection trip and subse-
quent replanting of material in the spring of 1968.
The criteria used for phenoclogical stages followed
those of Quinn {1969).

Greenhouse readings

Extra clones from each population were divided
where possible and placed in the greenhouse during
the summer of 1967. Each plant was potted in a
[:1:1 mixture of soil, sand, and sphagnum peat in
6-inch clay pots. Plants were grown in one green-
house room under semicontrolled environmental con-
ditions. Temperature was controlled by a thermostat
and a heater-air cooler system; humidity was con-
trolled by an automatic mist system. Phenological
readings were taken every 2 days from February 7
throutgh June 20, 1968, Plants not flowering by this
date were usvally poor in vigor.

Plants were added to the greenhouse collection in
the spring and summer of 1968. Phenclogy readings
were taken on clones during the 1969 season (at
irregular intervals from December 1968 through
May 1969) and during the 1970 season (January 6
to June 20}.

Photoperiod experiment

Representatives from 13 different populations were
utilized. In most cases there were four clones {geno-
types) per population, each with four ramets avail-
able for use under various experimental treatments,
The photoperiods were chosen on the basis of esti-
mated daylengths (including twilight) when floral
induction was thought to oceur at the collection sites.
The four treatments included a 9-, 12-, and 15-hr
and a “natural” daylength. Natural daylength re-
ferred to a photoperiod equal to the actual lacal
daylength for each day (including twilight). This
photoperiod was increased daily as the season pro-
gressed,

The photaperiod - experiment consisted of a ran-
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domized block experimental design with four blocks,
each containing one ramet of each of the four clones
from each population. There were 11 rows of four
plants within each of the four treatments. Each row
contained ramets of only one population, except for
several cases in which insufficient material prompted
the placing of ramets of an additional population
within the row. Rows were randomized within each
treatment. The ramets were also randomized as to
position within the row.

A bank of 200-w GE incandescent flood lamps
was used to supplement and extend daylight condi-
tions; light intensity was approximately 250 ft-c at
pot surface. Black sheen cloth on 1.27-cm by 2.54-
em wooden frames (1.6 m long, 0.8 m wide, 1.0 m
high) was used to cover the treatments during their
respective myctoperiods. All four treatments were
uncovered at &:00 aM and were subsequently cov-
ered at the various corresponding times. Cavering
time for the “natural” daylength treatment changed
daily in relation to the daily increase in daylength.
Each treatment received at least 9 hr of natural light
supplemented with artificial light. Normal daytime
temperature ranged between 70° and 78°F. Min-
imum temperature recorded was 61°F, and max-
jmum recorded temperature during the experiment
was 82°F. The photoperiod experiment began on
December 19, 1968, the shortest day of the year,
and terminated on May 25, 1969. Phenology read-
ings were taken every 2 days. A rating system was

devised to rank the averall vigor of each plant. Rat-.

ings of 0—10 were given on the basis of height, crown
diameter, and general appearance. Vigor readings
were taken on February 14 and May 25, 1969.

RESULTS AND ANALYSES

Field phenology

Mean dates of anthesis in 1970 for the D. sericea
populations were approximated from previous aob-
servations of the development of reproductive culms
under greenhouse, transplant garden, and field con-
ditions and from field phenology records taken in
1967—70. When phenalogic stages other than anthe-
sis were observed in the field in 1970, dates of an-
thesis were estimated with an expected accuracy of
+3 days. Date of anthesis in the field was strikingly
carrelated {r = 0.988%*2) with latitude of collection
site (Fig. 2). Since considerable intrapopulation vari-
ability was often observed, the date given is the peak
date of anthesis for each population. In addition to
genetic variation causing differences in date of an-
thesis of various clones within a population, environ-
mentally imposed variation was observed in several
populations. In general, when a population was

* Statistical significance for each correlation coefficient
will be indicated by ** for 0.01 and * for 0.05.
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Fia. 2. Approximate dates of anthesis in 1970 in field
populations of Danthonia sericea as a function of latitude
of collection site {r == (0.988%%*).

growing along a shade-sun or moist-dry cline, earlier
flowering was found in the sunay or drier micro-
climate.

Transplant garden

Survival of plants in the transplant garden was
evaluated from the mean number of plants per
replicate alive, and equal to or greater than 3 cm
tall, on June 19, 1968 (Fig. 3). This date marked
the last week of phenology and height-growth read-
ings befare replacements for several populations were
planted in 1968, Observations at this time should
provide a fair representation (including subsequently
replaced but living ramets) of survival undér garden
conditions. Survival rates were higher in populations
of the epilis taxon than in most of the populations
of the sericea taxon, probably because of edaphic
conditions in the garden. Danthonia sericea Var.
sericea occupies well-drained, well-aerated sandy soil
throughout its range and evidently will not tolerate
a heavy soil with only fair drainage and aeration.
Another factor affecting survival was frost heaving,
which was particularly severe during the winter of
1968—-69.

No correlation was apparent between latitude of
collection site and survival {Fig. 3). Georgia pop-
ulations of the epilis taxon had as good a survival
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Fic. 3. Survival of various populations of Danthonia
sericea in the transplant garden as a function of the
latitude of the collection site (1968 data).
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rate (if not better) as the New Jersey populations.
Two Georgia populations (AME and LSM) had bet-
ter survival than two of the New Jersey populations
({CHE and MFE). Thus, Georgia epilis papulations
were apparently not at any disadvantage in their
ability to survive the winter ¢onditions of New
Jersey.

Height-growth curves for three D. s. var. epilis
populations (AME, FRE, and RCE) were generally
sigmoid and tapered off approximately June 27 {Fig.
4). Plant height initially showed a rather moderate
regular weekly increase, followed by a phase of
maximum growth upon emergence of inflorescences.
This maximum growth rate continued for 2-3 weeks
and involved the elongation of the uppermost inter-
noedes of both initial and subsequent reproductive
culms. Reproductive culms of one Georgia popula-
tion (AME) were taller than those of the New Jer-
sey (FRE) population (Fig. 4). The height-growth
curve for the RCE populaticn, another epilis popula-
tion from Georgia, corresponded well with the height-
growth curve for the FRE population.

Flowering in the transplant garden differed dra-
matically between the epilis and sericea taxa, Two-
thirds of the epilis plants surviving at the end of
the growing season flowered, but only two of the
sericea plants were vigorous enough to flower (2
weeks later than nmiost of the epilis). In the LSM
rows sericea, epilis, and “intermediate” plants were
included, and although epilis and intermediate plants
flowered, neither of the sericea clones of LSM
flowered. _

Time of flowering did not differ sigoificantly in
northern and southern populations of D. 5. var.
epilis (Table 1). Several late-flowering CHE plants
lacked vigor and developed abnormally and were not
included in the calculations. Under the daylengths
existing at the end of April and the first of May,
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Fia. 4. Height growth of three Danthonia sericea var.
epilis populations (AME, FRE, and RCE) growing in
the trapsplant garden. Only plants that flowered were
used in the compilation of data.
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TapLE 1. Mezn flowering time of Danthonia sericea var.
epilis populations in the transplant garden at the
Hutcheson Memorial Forest, East Millstone, N.J.
(1968 data)

Mean date Mean date of Mean date of
of fAag infloresrence inflorescence
Papulation leaf stage emerging stage clear stage
New Tersey
FRE May 17.8 May 29.0 June 2.3
CHE (June 21 .4) (Tuty 1.4 {Tuly 10.6)
CHE (I anly) May 19.3 June 4.0 June 13,40
MFE May 28.3 Tupe 4.3 June 9.5
Average May 21.9 Tune 2.8 Tupe 10.4
Georgia
LE May 20.0 May 30.0 June &.0
RCE May 272 June 1.4 Jupe 8.3
AME May 18.4 May 24.7 June 4.3
Average May 22.0 May 29.0 Tupe 6.4
L5M= May 21.4 May 27.2 June 8.8

aCambined data for epilis and “intermediate™ clones.

temperature alone may be the controlling factor in
the flowering of the epilis taxon. Thus, given the
soil and ajr temperatures necessary for growth and
development, papulations of both northern and south-
ern origin were able to flower at this time. In other
words, if any phetoperiod requirement existed, it had
already been reached and surpassed.

Greenhouse

Greenhouse plants did not flower in 1967 after
they were clipped back and divided in late summer.
Flowering did not occur until February 1968 when
a New Jersey population of D. 5. var. epilis (FRE)
began to flower. In general, clones of the epilis vari-
ant flowered earlier than those of the sericea variant
(Table 2). There was a 3-month difference in time
of flowering for the FRE population and the GS (Va.
sericea) population. Within the epilis taxon earliest
flowering ocecurred in the northern {(N.I.) clones;
southern (Ga.) material generally flowered later.
Abbreviated phenological observations (only *“inflo-
rescence emerging” on varied numbers of plants)
in 1970 further substantiated the ahove general
trends.

Striking substantiation of the observed difference
in phenological development between members of
the epilis and sericea taxa came from observations
on New Jersey plants from December 1968 to May
1969 (Table 3}, Larger population samples were
available at this time {two ramets each of 20 different
clones per population}. Flowering of Wew Jersey
epilis populations occurred approximately 3 months
earlier than flowering of New Jersey sericea plants
{Table 3).

Variability in time of flowering under greenhouse
conditions (following annual clipping in late sum-
mer) for the epilis variant -was considerable during
1968, 1969, and 1970 and was especially evident in
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TapLE 2. Phenology of populations of Danthonia sevicea in the greehhouse from February 7, 1968 (day 0), to

Tune 20, 1968

Mean number of days ta:

Percentase Tuflores- Fnflores-
Total  Number of flowering (of  First date Flag cence cence
plants surviving SUrVIVINg of flag leaf emerging clear .

Population. used planits plants) leaf stage stage stage stape Anthesis
FRE 4 4 100 2/7168 3.75 %.50 12.00 14 .50
CHE 4 4 L00 22168 16.50 21.00 37.30 4275
LE 4 4 100 2427/68 24.75 4050 47 .00 50.25
LSM= 4 4 100 2/27/68 34 .75 41.04Q 48.25 53.25
AME 4 4 100 3/4168 38.25 5625 6025 65.00
MFE 3 3 100 3/11/68 33.00 41.67 4¢ .00 52.00
RCE 4 4 100 416/68 21.00 80,25 9%.00 e
LSM* 4 4 100 4/9/68 90.25 102,00 112.00

LNIS 4 4 100 3/25/68 68 .00 83.75 87.00 ¢
NCS 3 3 66.7 4f15/68 69.50 94 .00 %6.00 e
NES 4 4 100 4/15/68 71.50 92,040 26 .00 e
F5 4 4 75 412268 86,33 101 .67 111.33 °
SC8 2 2 100 4/22/68 26.00 112.35C 119.00 ¢
DLS 4 4 100 4{24168 87.25 96.25 102.75 e
GS 4 4 100 4127168 86.00 106.75 112,50 <
RS 4 4 0 F) 4 4 4 1

sLSM epilis plants.
L SM intermediate plants.

eAnthesis did nat oceur ol any date an which phenology readings wete taken, and no visible evidence of this stage appeared {¢.g., dried anthers, ete],

AN g flowering occurred in this papulatian under greenhouse eanditians.

TasLE 3. Flowering of four New Iersey populations of
. Danthonia sevicea in the greenhouse (Dzcember 1968—
April 1969)

Date when

Latitude of  flag leaf stage

Population Taxon colleztion site  first observed
FRE var. epifis 39° 50 12423468
CHE var. epilis 39° 49" 3 17769
WNIS var. saricea 33° 5% 3128169
BNIS var. sericea 39 46 411269

the early flowering New Jersey population FRE.
First day of flag leaf stage was, respectively, Feb-
ruary 7, 1968, December 23, 1968, and Jznuary 1,
1970.

Photoperiod experiment

Plants from several populations did not flower in
any of the photaperiod treatments. This phenomenon
seemed to he associated with poor vigor. All plants
with a vigor reading of less than four on February 14,
1969, failed to flower.

Since flowering of certain FRE plants under ex-
perimental photoperiods began only 5 days after
the experiment started, it is believed that some of
the plants of this population were stimulated to flower
before the experiment commenced. However, data
for the FRE population under various photoperiods
indicated some sort of quantitative flowering re-
sponse to decreased daylengths. Mean date of fag
leaf stage was earliest under a 9-hr photoperiod and
was successively later under conditions of longer

photaperiods. Flowering in clones of the CHE pap-
ulation (Table 4) indicated no qualitative photo-
period requirement, as flowering accurred simulta-
neously under all experimental photoperiods. These
results failed to demonstrate even a quantitative. re-
sponse to daylength (in contrast to the FRE results).

In a southern epilis population (AME) flowering
occurred only under a 15-hr photoperied. Flowering
of these AME plants occurred later than flowering in
the New Jersey (FRE and CHE) populations. Geor-
gia (LSM) epilis plants grown from seed also flow-
ered later and only in the 15-hr and 12-hr treatments;
earlier, and a larger percentage of flowering oc-
curred in the 15-br treatment.

Data for the sericea taxon are more difficult to
interpret because of poor flowering under experi-
mental conditions. In the LNJS population flowering
occurred only under 15- and 12-hr photoperiods with
earlier flowering under the 15-hr photopericds.

One other population, intermediate clones of
1LSM, flowered under experimental photoperiods.
Flowering occurred under every photoperiod except
the 9-hr treatment.

DISCUSSION

Flowering in the natural habitat

Detailed climatological information is helpful. in
interpreting the ztdaptive significance of the close
relation between time of flowering of Danthonia se-
ricea under field conditions and the latitude of col-
lection site (Fig. 2, r = 0.988**), Weather-bureau
data were obtained for stations closest to each of the
sites. If sites were situated between two weather sta-
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TapLE 4. Growth and flowering of populations of Dantkonia sericea under experimental photoperiods in the green-

house during the 1969 growing season

Day- Tuotal Number
length planis of surviv- First date of; Mean number of davs to:  Total planis
Paputation (hr) used ing planes*  Flab LLEb [.Ch Fla. LE. 1.C.  that flowered
FRE 9 PR —i 126 19 83 120 28.0 4
12 4 4 12426 12428 15 16.8 20.0 00 4
15 4 4 12426 1/3 147 21.0 258 33.0 4
Nat.= 4 4 — 12426 173 11.7 15.0 25.0 3
CHE a 4 4 1/2 1/11 214 283 33.0 51.3 3
12 4 4 12 1/5 1/19 17.3 223 197 k)
15 4 4 1/15 117 1424 0.7 33.3 41.3 2
Mat. 4 4 1/2 1/3 1/ 33.3 40.0 50.7 3
AME 9 2 2 — — — — — — Q
12 1 1 — — — — — — 4]
15 2 2 1428 2/4 2410 45.0 49.0 60.0 2
Mat. 2 I — — — — — — 4]
LSM 9 4 2 — — — — — — 0
(epilis) seedlings 12 4 2 222 224 312 650 61.0 76.0 1
- 15 4 4 1/31 244 2113 5413 57.7 67.0 k)
Mat 4 4 — — — — — — 4]
LSM 9 2 2 — — — — — — 0
int. 12 2 2 220 2722 34 650 67.0 76.0 1
15 2 2 312 15 323 84.0 &7.0 95.0 1
Mat. 2 2 323 324 — 95.0 96.0 — 1
LNJS 9 4 4 - — — — — — 0
12 4 4 315 2417 3428 87.0 89.0 100.0 1
15 4 4 — 2116 2522 56.0 N0 65.0 1
Nat. ] 4 — — — — — e 4]

“Number of surviving plants defined as thase with a vigar rating of [ or preater at termination af experiment on May 25, (969,
bFla. = flag leaf; LE. = inflarescence coerging: LE. = inforescencs clear,

“Nut. refors to o photaperiod cqual to the actual daylength for each day (ineluding twilight).

gressed, . 3
da dasgh indicates that data are not avaitatle,

tions, average values were used to approximate the
climatological conditions.

Temperature, more than any other environmental
factor, appears strongly correlated with both latitude
of collection site and time of flowering, Correlation
coefficients of latitude of collectiop site with average
(1948-68) last date in the spring with a temperature
28°F or less (r = 0.893*%) and degree-days* (r =
0.920**) indicated that as the latitude increases, the
last date of a temperature of 28°F or less gets later
and the total warmth available for growth and flow-
ering decreases. Given the above relationship, the
cloze relation between the time of flowering (anthe-
sis) and the latitude of the collection site seems ex-
plained by the distinct correlations of 1970 feld
anthesis with average last date of a temperature of
28°F or less (¥ = 0.881**) and degree-days (r =
0.987+#),

Dates of 1970 field anthesis for Georgia and New
Jersey differed by over 30 days (Fig. 2). Such a
difference indicates that our populations of the Dan-

? When the mean temperature of a day in April, May,
and Tupe fell below 65°F, that value was subtracted from

65°F with the results accumnlated toward a “degree-
day” wvalue.

This photaperiod was increased asg the season pro-

thonia sericea complex either have na photaperjod
requirement or do not possess the same photoperiod
requirement. Since daylength in the spring increasas
s latitude increases, one would actually expect later
fiowering by southern populations than northern
anes, if there were an absolute long-day requirement
which was similar for all pepulations studied,

Habitar and flowering response mechanism

Papulations of Danthonia sericea may be separated
inte three groups on the basis of their habitat and
associated flowering responses: the New Jersey epi-
lis, the Georgia epilis, and the sericea populations.
Data from New Jersey epilis plants in the greenhouse
(FRE, CHE, and MFE) indicated that if flowering
in this taxon were controlled by a daylength require-
ment, initiation of the flowering process in the green-
house would have occurred during the winter when
daylengths are shortest and when plants are dormant
under patural habitat conditions. For. example, flow-
ering of the FRE population began in early February
in 1968 {Table 2), in late December in 1968 (Table
3), and in early January in 1970. Under experimental
photeperiods {Table 4) clones of each of two popula-
tions (FRE, CHE) flowered almost simultaneausly
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regardless of the photoperiod. The flowering of the
FRE and CHE populations at widely varying times
under field, transplant garden, and greenhouse con-
ditions was additional evidence for the lack of an
absolute photoperiod requirement in growth and sub-
sequent Aowering. Earlier flowering in the greenhouse
than in the fleld or in the. transplant garden was
probably brought about by higher greenhouse temper-
atures. Consistent with the evidence, a photoperiod
requirement would not seem to be important adap-
tively in bog populations of D. s. var. epilis since
substrate temperature could be a reliable “environ-
mental stimulus-organism response” mechanism for
initiation of growth and subsequent flowering. In
the spring these bog habitats have a saturated sub-
strate. Because of the high specific heat of water
relative to that of sand particles, maximum substrate
temperatures remain low for a longer period of time
in the spring in bogs than in the sandy uplands. In
Minnesota Reiners (1968) reported that spring soil
temperatures rose very slowly in a heavily shaded
cedar swamp and did not reach the levels of an oak
forest and fen until mid-Tupe. Thus, although air and
surface soil in the uplands may get quite warm, the
high amount of moisture in the bogs keeps the sub-
strate cacl. By the time soil temperatures are ade-
quate for growth and flowering in these wet habitats,
the danger of frost damage is probably extremely
low.

Georgia epilis populations, on the other hand, re-
acted as long-day plants, as evidenced by their in-
ability to flower under a 9-hr photoperiod (LSM,
AME; Table 4), even though flowering occurred
under longer daylength treatments. This would be
the expected photoperiodic response, if there is one,
since Danthonia sericea flowers in nature when day-
length is increasing. Georgia epilis populations were
also later in flowering under greenhouse conditions
than the New Jersey epilis populations, but flowered
simuftaneously with the New Jersey epilis in the
transplant garden under longer daylengths. A photo-
peried requirement could be of adaptive value to
Georgia epilis populations (AME, LE, LSM, RCE)
growing on sandy, alternately wet-dry outcrop hab-
itats in that premature warming of the cuterop on
abnormally warm days in late winter or early spring
wauld nat trigger flowering and subsequent dormancy
too early in the growing season. Genotypes which
prematurely complete growth before the end of the
growing season of the habitat area might be at a
competitive disadvantage.

Evidence from the greenbouse-grown plants
(Tables 2 and 3) and the experimental photoperiod
study (Table 4) indicates that members of the seri-
ceq taxon (LNIS, NCS, NES, F§, DLS, SC§, GS)
have a photoperiod requirement. These papulations
were considerably later in flowering under green-
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house conditions than the New Jersey epifis plants
(Table 2) even though temperatures remained rel-
atively constant in the greenhouse, Flowering of the
LNJS population (Table 4) in the 12- and 15-hr, but
nat the 9-hr treatment provides additional evidence
that the sericea taxon responds differentially to day-
length. Since the sericea variant occurs on well-drained
sandy soils, it is expected that these soils would warm
up more rapidly in the spring than the wet sails an
which the New Jersey epilis populations are found.
Surface soil temperaturest as high as 74°F are at-
tained by mid-April despite the fact that the average
date of last temperature of 28°F or less for our New
Tersey populations is April 15, Therefore, a long-
day requirement would indeed be of survival value
to these plants of the sericea variant, preventing pos-
sible frost damage.

Relevance to past studies

There is po ane “expected™ flowering response pat-
tern for a latitudinal series of grass species-popula-
tions. If marked habitat variations are superimposed
upon latitudinal differences, the ways in which pop-
ulations of a species each attune growth and develop-
ment to their specific babitats can be strikingly
upique. Past studies by McMillan (1959, 1961) gen-
erally indicated that plants of different populations
transplanted to a uniform garden may either be
rather similar or quite different in their time of flaw-
ering, Flowering of D. 5. var. epilis populations in
our transplant garden correspanded to that reported
for Stipa spartea and §. comara (McMillan 1959)
and for Stipa leucotricha (McMillan 1961) in that
all populations responded similarly. However, our
subsequent greephouse studies indicated that the
southern epilis populations da respond differentially
to daylength and that under the daylengths existing
in New Jersey when soil and air temperatures were
adequate for growth and development, the phato-
period requirement for the seuthern populations had
already been reached and surpassed. We would pre-
dict that the same populations transplanted to a Geor-
gia garden would show earlier flowering by the north-
ern populations. Because of the lenger growing
season in Georgia, plants possessing a “maturity fac-
tor” {McMillan 1957) or a photoperiod requirement
(southern populations of Danthonia sericea) would
have competitive advantage in that flowering and
cessation of growth too early in the season would
not oceur, On the other hapd, those outcrop plants
not flowering before the drop in monthly precipita-
tion and the beginping of “the dry months™ (McCor-
mick and Platt 1964) in May woeuld be at a selective
disadvantage due to low seed set. Thus, Danthonia
sericea, similar to Stipa and Koeleria species (McMil-

‘Data are courtesy of Rutgers Cranberry and Blue-
berry Research Lab, New Lisbon, N.J. 08064,
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lan 1939, 1961), is a “‘cool-season™ species with pop-
vlations flowering sooner in southern than in northern
habitats, and this study provides evidence that flow-
ering time for these outcrop populations is appar-
ently genetically fixed by a photoperiod requirement.
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