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ABSTRACT

Muhlenbergia sobolifera, a rhizomatous, perennial C4 grass, is restricted to uaderstory
areas which have cooler temperatures than are common in the habitats of the majority of
C,4 species. The purpose of the present study was (o cxamine the responses of rhizome
regrowth and biomass production to temperatures lower than optimal for C4 species
(10°C, 15°C and 20°C) and compare them to responses at 30°C, more often favorable for
plants utilizing the C4 photosynthetic pathway,

Timing of ¢emergence from rhizomes, stem number and height, biomass, and shoot/root
ratios were measured in plants of Muhlenbergia sobolifera grown al each temperature
regime. Shoots emerged more quickly from rhizomes as growth temperature increased.
Plants produced more siems, grealer lotal stem height, and more biomass at 20°C than at
any other temperature regime. Proportional biomass allocation to shoots increased with
temperature up to 20°C and then remained unchanged. These responses o growth
temperature may be important adaptations which contribute to the survival of
Muhlenbergia sobolifera in relatively cood, deeply shaded understory habitals in the
hardwood forests of the United States. Maximum growth at 20°C, 10-15°C lower than
for many high-light C, grasses. may result in maximization of photosynthetic surface
area at temperatures similar 1o those in early spring hefore the forest canopy closes.
Early production of large stem and leaf structures would cnhance photosynthetic activity
throughout the summer in which low levels of diffuse light are interrupted only by
intermitient sunflecks. Maturation and inflorescence production in plants grown al 10°C,
15? and 20°C were slower than at 30°C, which may result in an extended growing scason,
delaying seed production until October when temperatures are cooler and the forest canopy
more open.

INTRODUCTION

Geographical distribution of grasses is known to be correlated with photosynthetic
pathways (Chazdon 1978; Hatterstey 1983; Rundel 1980; Teeri and Stowe 1976 Ticszen
et al. 1979; Vogel 1 al. 1986), but there is little consensus concerning which
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enviconmental factor is most important in establishing this relationship (Batanouny et al,
1988, Teeri and Stowe J976; Tiessen ¢ al, 1979; Barnes and Harrison 1982).

Based on the physiological characteristics of the C 4 pathway (high temperature optimum
for photosynthesis. lack of photosynthelic saturation with respect 1o light, absence of
apparent photorespiration, and high water-use efficiency; Black 1971), it has been inferred
that C4 plants are optimally adapled to climates which are hot, dry, and sunny, However,
an increasing number of Cy species have been reported from cool (CaldweH et al, 1977,
Rundel 1980; Potvin ct al. 1985), shaded (Winter ¢t al. 1980; Pearcy 1983; Ward and
Woolhouse 1986; Smith and Martin 1987), and moist habitats (Rundel 1980; Pearcy
1983; Pendergrast 1989},

Muhlenbergia sobolifera is a thizomatous, perennial grass which grows in the understory
of hardwood temperate forests in North America {Pohl 1969), Tt possesses Kranz
analomy. low interveinal distances, low lateral cell counts, lale season flowering, and
carbon isotope ratios typical of C4 plants (Smith and Martin 19874). It is the most
shade-tolerant C 4 species reported, occuring in deeply shaded understory babitats (<10%
full sun), and yet. when grown in the laboratory, this species demonstrated higher
photosynthetic rates and produced more biomass at light levels 10 times greater (Smith
and Martin 1987 a.b). The temperaic forest habitats in which M. sobolifera occurs
expericnee lower maximum temperatures during summer than the surrounding high-
insolation prairies,  Muhlenbergia sobolifera begins above-ground growth in March
before the forest canopy closes, when temperatures are near 0°C, and completes seed
production in October when the canopy is again more open (M, Smith, personal
observation).

Generally, plan(s native to cooler habitats ¢xhibit optimum photosynthesis and growth at
lower temperatures than plants native to warmer environments (Berry and Bjorkman
1980}). Due to the early spring emergence of M, sobolifera, and its occurrence in
relatively cool, low-light habitats, it was hypothesized that this species would exhibit a
lowcer optimumnt temperature for growth than the characteristic 30-45°C reported for most
Cy4 grass species (Ludlow 1976; Gifford 1974; Ehleringer 1978; Kemp and Williams
1980).

The purpose of this investigation was to determine the effect of temperature on rhizome
regrowth of M. sobolifers. Time of shoot emergence from rhizomes, total height and
biomass were measured and inflorescences counted.

MATERIALS AND METHODS

Rhizomes of M. sobolifera were collected from the understory of an oak-hickory forest 14
km S of Lawrence, KS (Douglas Co.). The poputation is on a steep bank above a
stream; soil is clayey and is covered with a thick layer of Ieaf litter, closely underlain by
a limestone substrate, Scveral large trees ( Quercus rubra, (). alba, and Ulmus rubra)
shade the population. During the summer, photon flux density (PFD} in this understory
area is approximately 10-25 umol m=2s71, but transitory sunflecks occur throughout the
day (Smith and Martin 1987a). Muhlenbergia sobolifera is the only grass in the area,
growing among more lypical understory species: Adignium pedaium, Sanicula
canadensis, and Thuidivm deficatulum.
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For the present study, planis were collected on January 7, 1988, placed in plastic bags
with adequate moisture, and kept cool while being transported. Upon arrival at Southern
MNlinois University, rhizomes were washed clean of the original soil, shoots removed, and
rhizomes placed in flats dined with moist Promix potting soil (Premier Brands, Inc., New
Rochelle, N.Y.). Rhizomes for all growth temperature regimes were stored a1 4°C in a
cold-room until needed. A scries of growth experiments conducted from 1983-1985
showed no evidence of changes in biomass production or photosynthetic rates in plants
grown at different intervals after collection when rhizomes had been stored in the dormant
state (Smith and Martin 1987 a,b).

Rhizomes were removed from the cold-room, individually weighed, and planted in 168
em? pots with Promix (pH 7.1, closely resembling the 7.3 measured in soil from the
collectton site). Rhizomes were placed just betow the soil surface (simulating thetr
position in nature) and placed in a Sherer growth chamber (Model CEL-7HL). Four
separate groups of rhizomes were potied, each approximately five wecks apart, Each
group was exposed to a different temperature regime {variation in temperature across the
growth area for day/night stated parenthetically for the following temperature scitings):
10°C (105 1.1/91 209, 15°C (154 £ 1.1 /128 £ 0.7, 20°C (22,5 + 1.3/ 19.1
+ 0.6), or 30°C €32.5 + 1.3 /29.9 £ 0.6). Due to the death of 3 plants in two of the
treatment groups, sample sizes at the termination of the experiment were as follows: 235
ai 10°C and 20°C; and 22 at 15°C and 30°C,

Plants were placed in the growth chamber immediately after potting, kept well-watered
with deionized water, given 100 ml of 1/4-strength Hoagland's solution (Hoagland and
Amon 1938) weekly, Pots were moved cvery day in a clockwise pattern to reduce the
position-effect caused by variability in environmental conditions in different areas of the
growth chamber. Photon flux density was maintained at 50015 umol m2 sl athe
tops of the plants by adjusting growth shelves. Photoperiod was 12 b light/12 b dark
and relative humidity 40% day/50% night, Temperature, PFD), and humidity were
continuously recorded by a Weathertronics hygrothermograph (Maodel 5020) and a LT-1000
datalogger (LI-COR, Lincoln, Neb) and quantum sensor (L1-COR 190SA). Time of
emergence was the number of days from planting until the shoots emerged,

Plants from all growth regimes except 10°C were harvested 30 days after emergence when
shoots were mature and exhibited evidence of developing inflorescences. Shoots grown at
10°C developed slowly and were allowed to grow for 38 days until the first signs of
inflorescence production were noled. Plants were removed from the growth chamber,
number and height of stems recorded and inflorescences counted. Rhizomes (including
attached roots) and shoots were scparated, placed in an oven at 80°C, and weighed afier 8
days.

Because rhizomes varied in sive, all biomass data were statistically anatyzed uvsing
analysis of covariance {MANOVA SPSS*) with the initial rhizome weight as the
covariate (Smith and Martin 1987a; Sokal and Roblf 1981). The temperature at which
plants were grown was the independent variable. Day of emergence, number of stems per
rhizome, mean total dry weight, and totak height (calculated as the mean of the total
length of all shoots arising from each rhizome), were the dependent variables. The
resulting adjusted means were compared for significant difference using Hochberg's GT2
statistic.  This method uscs studentized maximum modulus distribution and 18
recommended when sample sizes are different (Sokal and RohI( 1981}, In case of






In the present study. plants of M. sobolifera grown at 30°C exhibited visible signs of
senescence (maturation of inflorescences and yellowed leaves). All plants from this
temperature regime posscssed noticeable red pigmentation in the leaves which we
presumed were anthocyanins, but identification was not verified. The production of
anthocyaning has heen associated with increased temperatures and senescence in marigolds
{Armitage and Carlson 1981}, Apparcntly, M. sobolifera develops and senesces more
quickly at highcr (cmperatures, completing its vegetative and reproductive growth io a
short time (30 days in the present study). This developmental pattern has been observed
in prairie grasses, and is the basis for niche differentiation in Agropyron smithii (C4) and
Bouteloua gracifis {C4), species which co-occur in the western plains (Kemp and
Williams 1980). Bowreloua gracilis remains dornant in the cool, early spring days,
completing its vegetative growth during the hottest time of the summer when Cg grasses
are no longer competing for water and awrients. For M. sobolifera, however, which is
not exposed to high levels of insolation during the hottest days of the summer, early
emergence and prolonged, slow development under cool conditions are more advantageous
than a rapid growth response at higher temperatures. Maintenance of metabolic activity
for an extended period of time at moderaie (ecmperatures, and delay of inflorescence
production untii fall when the forest canopy is again relatively open, appear o be
successful physiotogical and phenological adaptations to cool understory habitats.

Several studies have reported increased carbon allocation to aboveground biomass, instead
of roots and rhizomes, in shade-adapted plants in response (0 decreasing PFD (Boardman
1977; Bjorkman 1981). Such development results in proportionalty greater leaf
production, maximizing light-harvesting surfaces in the plants. Little has been reported
concerning the cffeets of temperature on shoot versus root development in C,4 species.
However, Hardacre and Turnbull {1986}, in their study of Zeg mavys, reported that the
relative allocation of carbon to shoots increased as growth temperature increased from
16°C ty 28°C. Tn a high-light C4 species such as Zeq mays, the significance of this
change in carbon allocation is not clear, as maximum leaf area and biomass were
produced at an intermediate temperature, but maximuom growth rate occurred at 28°C, In
M. sobolifera, shootroot ratios increase and then stabilize al 20°C, at which temperature
biomass production is greatest. This pattern of carbon allocation may be important to
the survival of M. sebelifera in understory habitats, A large shootfroot ratio at 20°C is
consistent with the exploitation of the high-light period for maximum above-ground
growth in spring before canopy closurc,

SUMMARY

Muhlenbergia sobolifera posscsscs morphological, phenological, and physiclogical
characteristics which may contribute to its survival in cool, shaded understory habitats,
Its large, sprawling rhizomes, containing stored carbon necessary for re-emergence, lie
close to the soil surface and respond quickly to warming air temperatures in early spring.
Optimal stem, leaf, and biomass production occur at 20°C, resulting in maximal
photosynthetic potential developing before the forest canopy closes. Spring carbon
allocation to above-ground biomass and sustained growth and development over an
extended period allow the plants to remain metabolically active until flower production is
initiated and seed development compicted in the relatively open tall canopy. This suite of
characteristics may be important in the survival of M. sobolifera in its forest understory
habilat,
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Fig. 1. Number of days from day of planting to shoot emergence from rhizomes Srown
under four temperature regimes. Bars with different letters are statistically

difterent {P<(,05).
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Fig. 2. Number of stems produced by cach rhizome grown under four temperaturg
regimes. Bars with different letters are statisticatly different (P<0.05).

16
N
u
5
EB
R
° 6
S
T
E
M
S5
/
P
L 2
A
N
T
0

15
GROWTH TEMPERATURE (°C)



27

Fig. 3. Mcan total height produced by each rhizome grown under four temperature
regimes, Bars with different letters are statistically different (P<0.05).
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Fig. 4. Mean total dry weight produccd by each rhizome grown under four temperature
regimes, Bars with differcnt letters are statistically different (P<0.05).
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Fig. 5. Shoot/root ratios for plants grown under four temperature regimes. Bars with
different letiers are slatistically different (P<0.05).
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