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SHADE TOLERANCE OF FESTUCA PARADOXA DESV.,
A COOL-SEASON GRASS NATIVE TO NORTH AMERICA

Nadia Navarrete-Tindall, University of Missouri, 202 Natural Resources Building, Columbia MO 65211 USA
Larry Mechlin, Resource Science Center, Missouri Department of Conservation, 1110 South College Avenue, Columbia MO 65211 USA
JW Van Sambeek, North Central Research Station, US Department of Agriculture Forest Service, Columbia MO 65211 USA

Abstract: Paradox grass { Festuca paradoxa Desv.) is a native cool-season grass found in prairies and forest openings.
Paradox grass has not been included in tree plantings. To determine paradox grass adaptation to shaded
environments, we established a pot experiment in the shade laboratory at the University of Missouri Horticulture
and Agroforestry Research Center in New Franklin, Missourl. We grew paradox grass for 2 consecutive years to
determine the effects of 0%, 55%, or 80% shade on growth, forage quality, flowering, and seed production.
Cumulative biomass from 2 harvests at year 2 averaged 468 to 766 g/m* originally established with 30 seedlings/m?.
All plants flowered with the greatest number of panicles under full sun. Seed vield ranged from 66 g/m?® under heavy
shade to 138 g/m? under full sun. Protein averaged 7.4% under full sun and increased to 12.3% under shade. Neutral
detergent fiber, primarily indigestible cell wall constituents, averaged 37% under full sun and 46% under shade.
Because paradox grass grows well under full sun or moderate shade, it may be a suitable native cool-season grass for

inclusion in native plantings and agroforestry practices.

Key words: cluster fescue, native fescue, paradox grass, native grasses, forage quality, forage yield

e

S ,;:Q\\“\M

Little is known about using native cool-season grasses in
agroforestry practices in the Midwest. Also, most of the grasses
recommended for soil conservation or wildlife habitat are
native warm-season grasses like little bluestem (Schizachyrium
scoparium (Michx.) Nash var. scoparium), Eastern gama grass
{Tripsacum dactyloides L.), and Indian grass (Sorghastrum
nutans L. Nash); or non-native cool-season grasses like timo-
thy ( Phleum pratensis L.), reed canary grass ( Phalaris arundi-
nacea L.), and Kentucky bluegrass (Poa pratensis L.). These
grasses are used because they are easy to establish and provide
cover and refuge for wildlife'; however, native cool-season
grasses should be included to increase biodiversity.

We are searching for native cool-season grasses that could
establish and compete with warm-season grasses and forbs
under full sun or shade. Paradox grass or cluster fescue (Fes-
tuca paradoxa Desv.) is a cool-season grass that is native to
eastern and central North America® and distributed in 23
states in the continental United States®. Paradox grass lacks
rhizomes, has 10- to 40-cm-long leaves, up to 1.2-m-long pan-
icles, and panicles that droop at maturity™”. It is found under
full sun in prairies and under moderate shade in forest open-
ings and prairie draws®. It is found scattered throughout
Missouri’; however, only 2 areas have been identified recently
where paradox grass grows abundantly. Paradox grass can be
confused with the native nodding grass ( Festuca subverticillata
Pers.); however, nodding grass is only found growing under
heavy shade in natural wooded stands®,

Unlike the non-native tall fescue ( F. arundinacea Schreb.)
that has replaced diverse native herbaceous communities’,
native fescues are not invasive. An 8-y-old study showed that
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paradox grass was persistent at Tucker Prairie and raintains
itself in competition with more common grasses®. More recent
studies conducted at Tucker Prairie demonstrated that para-
dox grass responded well to summer burns, producing seed
the following fall, while spring burns favored warm-season
grasses’.

Seed prairie mixes usually include warm-season grasses
and forbs and a few native cool-season grasses. The addition of
paradox grass or other grasses like Canada or Virginia wild
ryes ( Elymus canadensis L. and E. virginicus L.) and river oats
{ Chasmantium latifoliim (Michx.) H.O.) to seed mixes would
introduce the native cool-season grass component and would
provide forage for wildlife or cattle in early spring and fall.
Several native prairie mixes now recommended by Missouri’s
Grow Native! Program for soil conservation in rights-of-way
will include paradox grass, Virginia wild rye, and river oats in
addition to native warm-season grasses and forbs'".

Endophytic fungi are known to form a mutualistic asso-
ciarion with fescue grasses, protecting them from pests and
diseases, but the alkaloids produced can be detrimental for
cattle and horses when consumed in large quantities’''?,
Samples of paradox grass collected from the wild in Illinois
were reported to be highly infected with endophytic fungi’.
During preliminary observations at the University of Mis-
souri, these fungi were not found in paradox grass seed col-
lected at Tucker Prairie.

Paradox grass is established by direct seeding or asexu-
ally from tillers that develop around the crown of the original
seedling, and 2-y-old plants flower in the spring from multi-
ple tillers (personal observations). Seed matures as early as
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the 1% week of July and can be harvested into the fall because
seed persists in the panicles. There are approximately 1000
seeds per gram, and 70% to 80% of the seed germinates 10 to
12 d after planting at 20° to 25°C without any seed treat-
ments.

Information about forage quality of paradox grass was not
found. Two of the most common parameters to test forage
quality are protein and neutral detergent fiber (NDF) content.
- NDF primarily is slowly digested or indigestible hemicellulose,
cellulose, and lignin found in cell walls’, in contrast to the
more digestible compounds like sugars, less complex carbohy-
drates, and protein. Protein contains on average 16% nitrogen
- and is estimated by multiplving 6.25 by percent nitrogen.
Information on protein content and NDF is needed before
- paradox grass can be recommended for planting as forage or
for wildlife habitat improvement both under full sunlight and
. shade. The objective of our study was to determine how shade
affects growth, forage quality, flowering, and seed production
of paradox grass.

- METHODS

Paradox grass seed was harvested in July from Tucker
. Prairie in Callaway County, Missouri, and planted in the
greenhouse in germination trays the following February. Seed-
lings were individually transplanted into 5-cm diax7-cm deep
plugs in April. One month later, 3 plugs were transplanted to
white 7.6-L pots with a surface area of 480 c¢m”. Growing
medium consisted of equal parts of quartz sand, sphagnum
peat moss, and finely crushed pine bark prepared on site. The
fertilizer Osmocote Slow Release Plant Food! (Scotts Co) was
added at a rate of 500 g/m” of medium.

After planting, pots were immediately transterred to the
shade tolerance laboratory at the Horticulture and Agrofor-
estry Research Center in New Franklin, Missouri. This out-
door laboratory consists of 9 rectangular frames (5 m widex 15
m longx2.5 m high). Three frames each were covered with
55% or 80% polypropylene shade fabric to provide shade. Pots
were placed on white gravel 0.7 m apart within each frame.
Plants were maintained near field capacity with drip irrigation.
Pots were covered in mid-November with heavy white plastic
L and a 6-mm-thick nursery blanket (Hummert International)
; to protect them from freezing in the winter. The covering was

removed the following May.

We harvested the aboveground biomass in September of
the 1% growing season. The 2™ year, 3 of 6 pots within each
frame were harvested in early June {before anthesis) and again
: in September. The other 3 pots were harvested in late July
4 when seed was mature, and again in September. We counted
; the number of panicles and then harvested and air-dried the
seed before weighing. Aboveground biomass was cut to a 2.5-
cm stubble and oven dried at 55°C for 2 d before weighing.

To measure forage quality we determined neutral deter-
4 gent fiber (NDF) by using an ANKON200 Fiber Analyzer
(ANKON Technology) and protein by determining percent
nitrogen with a LECO Model FP-528 Nitrogen Determinator
(LECO Corp). To determine NDF, 0.5 g of oven-dried sample is

-
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weighed and placed in an ANKON F57 filter bag (ANKON
Technology) before boiling in an acid detergent (soap) solution
for 1 h. The liquid containing starch, sugar, protein, and other
compounds is discarded. To determine NDF, the residue is
oven dried at 105°C for 2 h and weighed.

The experiment was established as a randomized com-
plete block design with 3 shade levels (0%, 55%, and 80%) and
3 replications. Data from individual pots within each replica-
tion were averaged to determine treatment means and sub-
jected to ANOVA. When ANOVA showed significant
differences at the P=0.05 level, Duncan’s new multiple range
test was used to separate the means.

RESULTS AND DISCUSSION

Aboveground biomass varied depending on the time of
the year foliage was harvested (Table 1). During the 1% year,
dry weight was higher for plants grown under 0% and 55%
shade than for those grown under 80% shade. During the 2
year, cumulative biomass for established plants harvested in
June and again in September was similar to cumulative bio-
mass of plants harvested in July and again in September for all
shade levels. The lowest aboveground biomass was obtained in
September from pots previously harvested in July. Plants har-
vested in June initiated regrowth before summer, while plants
harvested in July remained dormant during the hot summer
with minimal regrowth in the fall.

All paradox grass plants flowered in June during the 2™
growing season {Table 2). The number of flowering stems was
higher for plants grown under 0% shade than for plants
grown under 55% and 80% shade. No significant differences
were observed for seed dry weight among shade levels; how-
ever, there was a trend for seed production to decrease with
increasing shade. Seed matured on plants under full sun 2
weeks earlier (1% week of July) than seed on plants growing
under shade (3" week of July).

Table 1 Plant biomass (g/m? dry weight) of paradox grass foliage
grown in pots for 2y

SHADE LEVELS
COLLECTION DATE

0% 55% 80%
Septemnber vear 17 260 a 3i8a 216 b
June vear 2* 504 a 477 2 245 b
September year 2° 88 b 288 a 2234
July year 27 492 a 553a 505 a
September vear 2 68 b 92 ab 104 a

TFirst year; all plants were harvested once in the fall.

*Harvested in early spring and again in the fall of vear 2

"Harvested in late spring and again in the fall of year 2

Average values in rows followed by different letters are significantly dif-
ferent at the 0.05 level of probability, according to Duncan’s multiple
range test.
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Table 2 Number of flowering stems and seed biomass of paradox grass
at year 2°

SHADE LEVELS

VARIABLE
0% 55% 80%
Flowering stems 38a 22b 17b
Seed dry weight (g/m?) 1382 115a 66 a

*Average values in rows followed by different letters are significantly dif-
ferent at the 0.05 level of probability, according to Duncan’s muitiple
range test.

The aboveground biomass NDF ranged from 37% to 46%
and was higher for plants grown under 80% shade than for
plants grown under moderate or no shade (Table 3). Values for
paradox grass were lower than the values of 55% to 64% for
Kentucky blue, orchard, smooth bromegrass, tall fescue, timo-
thy, and annual rye grasses’. Their NDF values were higher
than in our study possibly because we collected our samples
when plants were still vegetative and less mature. Other studies
suggest that shaded plants store less nonstructural carbohy-
drates and have thinner leaves with less of the more easily
digested mesophyll tissues than plants in full sun®.

Protein content of paradox grass harvested in September
of year 1 and in June of year 2 growing under full sun averaged
8.5% and increased to 12.3% under 80% shade (Table 3).
Other studies have also shown that protein increases with
increasing shade!*"”. The relatively low protein content of par-
adox grass in our study may be a consequence of growing
plants with irrigation in the same medium for 2 y without
applying additional fertilizer. Compared to plants in full sun,
shaded plants store less soluble carbohydrates and produce
more lignin resulting in higher protein content'®.

CONCLUSION

Our results indicate that paradox grass grows well under
moderate shade or full sunlight. Paradox grass may be more
digestible than most introduced cool-season grasses and in the
growing stage may be comparable to those of forage legumes.

Table 3 Fiber analysis and protein content of paradox grass grown under 3 shade leveis?

The best time to harvest paradox grass for us was at
boot stage before anthesis where some regrowth occurs befg
plants become dormant for the summer. In addition at by
stage indigestible NDF is relatively low.

Although the number of panicles and seed production
was higher for plants grown under full sunlight, seed was pro.
duced at 55% shade—Ilevels expected under trees in a well.
managed agroforestry practice—and at 80% shade—levels
expected under trees in managed woodlands. :
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