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

*Vadlil it;iavidrret~-Enduli, I;r?;ver_cl,::; qf iVissardri 202 i$'lifurai Resources BhiLdzng, Coiumb~a iWO 6521 1 CSA 
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Abstract= Paradox grass t Fesrtica paradma Desv.1 is a native cool-season grass found in prairies and forest openings. 
Paradox grass has not been included in tree pldr-atings. To determine paradox grass adaptation to shaded 
environmmts, we establ~shed a pot experiment in the shade laboratory at the University of Missouri Horticulture 
and Agroforestry Research Center in New Franklin, hilissouri. SbTe grek7 paradox grass for 2 consecutive years to 
determine the effects of 090, 55'+0, or 8090 shade on growth, forage qudlit); flowering, and seed production, 
Cumulative bion~dss horn 2 harveas at year 2 averaged 468 to 766 g?'m2 originally established with 30 seedlings:'m', 
M1 plants flowered with the greatest number of panicles under full sun, Seed j-ield ranged from 66 g'm' under heavy 
shade to 138 d m h n d e r  full sun. Protein averaged 7.4Q40 under full sun and increased to 12.390 under shade. Neutral 
detergent fiber, primarily indigestible cell wall constituents, averaged 379" under full sun and 46% under shade. 
Becduse 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. 

Kw words: cluster fescue, native fescue, paradox grass, native grasses, forage qudit?.; forage yield 
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Little is h s w n  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 
nat;tle warm-season grasses like little bluestem ( Schtzachynmrn 
scopariurn i bfickx. i Nash var. scopnrrumi, Eastern gama grass 
(Trtpsacum dactyloida L.), and Indian grass (Sor-gliastrzrm 
nutans L, n'ash); or non-native cool-season grasses like timo- 
thy {Phleuwi prl~tensrs L.), reed canary grass iPhaLnris arundi- 
rsucea L.), and Kentuckv bluegrass l Poa pratensis L,). These 
grasses art: 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 grnsses that could 
establish and compete with warm-season grasses and forbs 
under full sun or shade. Paradox grass or cluster fescue {Fes- 
tacu paradma Desv.) is a cool-season grass that is native to 
eastern and central North ~merica 'xhnd distributed in 23 
states in the continental t'nited States", Paradox grass lacks 
rhizomes, has 10- to 40-cm-long leaves, up to 1.2-m-long pan- 
. I  Icies, arid panicles that droop z;i rnamrit\-?*'. It i b  Sound under 
full sun in prairies and under moderate shade in forest open- 
ings and prairie drdws'. It is found scattered throughout 
Missouri'; however, on!?; 2 areas have been idenriilrd recently 
Gvhere paradox grass grows abundantly. Paradox grass can be 
confused with the native nodding grass (Festucir subverticiliata 
Pers.); however, nodding grass is only found growing under 
heavy shade in naturai wooded stands6. 

Unlike the non-native tdf fescue if;: arundinacea Schreb. 1 
that has replaced diverse native herbaceous communties', 
native fescues are not invasive. An 8-y-old study showed that 

paradox grass was persistent at Tucker Prairie and maintains 
itself in competition with more common grasses3. More recent 
studies conducted at Tucker Prairie demonstrated that para- 
dox grass responded rarsll to summer burns, producing seed 
the foltowlng Call, while spring burns favored u-arm-seasc>n 
grasses9. 

Seed prairie mixes usually iiiclude u7arm-season grasses 
and forbs and a few native cool-season grasses, The addition of 
paradox grass or other grasses like Canada or trirginia wild 
ryes (Elyvrzus canadensis L, and E. virginictds L. J and river oats 
i Chasmantiurn lat@iium in l ick . )  f-l.0.1 to seed mixes would 
introduce the native cool-season grass component and tvould 
provide forage for wildlife or cattle in early spring and fall. 
Several native prairie mixes now recommended by Missouri's 
Grow Xative! Program for soil conservation in rights-of-way 
will include paradox grass, \Tirginia wild rye, and river oats in 
addition to native warm-season grasses and forbs". 

Endophytic fungi are h o w n  to form a mlituaiistlc asso- 
ciation tvrth fescue grasses, protecting them from pests and 
diseases, but the alkaloids produced can be detrimental for 

i ' 7  

cattle and horses when consunled rn large qiiarntlties * -. 
Samples of paradox grass coliectsd from the wild in Illinois 
were reported to be highly infected with sndoyhytic 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 tilers (personal observations). Seed matures as early as 



tolerance of a native cool-season grass 

st week of July and can he har~es ted  into the fall because 
persists in the panicles. There are approximateiv 1000 
per gram, and 70% to 8O0h of the seed germinates 10 to 
after pldntlng at 20" to 23'C without any seed treat- 

Information about forage quality of paradox grass was not 
und, Two of the most common pardmeters to test forage 

lit) are proteir, and tieilrral detergella fiber i ?;Do content. 
I" pfirnariiy is slowly d:gested or indigestible hemiceliuluse, 

Udose, and llgnin found in cell walls"', in contrast to the 
ore digestible compounds like sugars. less complex carbnhy- 

tes, and protein, Protein contains on average 16% nitrogen 
is estimated by muitipiying 6.25 by percent nitrogen. 

rrnation on protein content and S D F  1s needed before 
aradox grass can be recommended for planting as forage or  
r wildfife habitat irnyrovernent both under full suniiglit and 
ade. The objective of osir studv was to determine how shade 

ffects growth, forage qualtty, I-lowering, and seed production 
f paradox grass. 

Ef HODS 
Paradox grass seed was hanested in July from Tucker 

Prairie In Callaway Gncnty, hlissnuri, and pianted in the 
greenhouse in germination trays the foliowing February. Seed- 
lings were individually transplanted into 5-crn dlaxli-cm deep 
plugs in iiiyril, One month later, 3 plugs were transplanted to 
white 7.6-t pots with a surface area of 4811 cm'. Growing 
medium consisted of equd parts of quart2 sand, sphagnunl 
peat moss, and finely crushed pine bark prepared on site. The 
fertilizer Osrnocote Slow Release Plant Food! (Scotts Co', was 
added at a rare of 500 g d  of medium. 

After planting, pots were immediately transferred to the 
shade tolerance laboratorv at the Horticulture and Agrofor- 
estry liesearch Center in New FranWin, hlissouri. This out- 
door laboratory consists of 9 rectangular frame5 (-7 m wide;.: 15 
m Iungx2.S m high). Three frdrnes each were covered with 
55016 or 8090 pol?ryropylene skade fabric to provide shade. Pots 
were placed on white grdvei 0.7 rn apart within each frame. 
Plants were maintained near field idpacity with drip irrigation. 
Pots were covered in mid-Kotpember with heavy white piastic 
and a 6-mm-thick nursery OLanket iI-fummert Internationa!j 
to protect them from freezing in the winter. The covering &+as 
rernoz ed the following $.fay. 

!t2 harvested the aboveground biomass in September of 
the I " growing season. The 2"" year, 3 u"T 6 pots within edch 
frame were harkested In early June (before anthesis1 and again 
ir: September. The other 3 pots were harvested in late id)- 
when seed Mas mature, and again in September. We counted 
the number of panides and then harvested and air-dried the 
seed before weighing. Aboveground biomass was cut to a 2.5- 
crn stuht je and oven dried at 55'6 far 2 d before bvsighing. 

Tct nteasure forage quality we determined neutral derer- 
gent fiber (NDF) by using an ANICi)N200 Fiber Anaiyzer 
(AN1(ON Technolap) and protein by determining percent 
nitrogen with a LECO Model FP-528 Nitrogen Dcterrninator 
{LECO Curpj. ?v determine NDF, 19.5 g of oven-dried sample is 

weighed and placed in an taFY'KON Fs: Erl.ter bag J A H ~ N  
Techno1og)i) before boiling in an acid detergent i soap) 
for 1 h. The liquid containing starch, sugar, protein, and other 
compounds is discarded. To determine NDF, the residue is 
oten dried at t 05°C for 2 h and weighed. 

The experiment was established as a randomized com- 
plete block design with 3 shade ieveis 1096, 5590, and 8090) and 
? replications. Data from indi~~idual pots within each reptica- 
tion were averaged to determine treatment means and sub- 
jected to AKO\ji. \."ten ANOW i"l!~owed significant 
digerences at the P=Cf.05 level, IIuncanL new multiple range 
test was used to separate the means. 

RESULTS AN D  DISCUSSION 
Aboveground biomass varied depending on the time of 

the year foliage was harvested (Tzrbie 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 sirniIar to cumulative bio- 
mass of plants harvested in July and again in Septeniber for all 
skade levels. The lowest aboveground biomass was obtained in 
Septen~ber from puts previously harvested in July. Plants har- 
vested in June initiated regrowth before summer, while plants 
harvested in July remained dormant during the hot sun~mer  
with minimal regrowth in the fall. 

All paradox grass plants flowered in June during the 21"' 
growing season :T;lble 2. I .  The number of flrr\%-ering stenlc was 
higher for plants grown under Oqo shade than for plants 
grown under 55% and 8000 shade. No significant diRerences 
were observed for seed dry weight among shade ieveis; hrtw- 
ever, there wa5 a trend for seed production to decrease with 
incredsing shade, Seed mattlred on plants under full sun 2 
~ r e k s  earlier i I" ueek of July) than seed on pldnts grotving 
under shade i 3" week of July I. 

Table 1 Plant  biomass [ g j m q d r y  weight) of paradox grass foiialje 
grown :n pots for 2 y 

SHADE LEVELS 
COLLECnON BATE 

0% 55'io 80°h 

September year i ' 260 d 318 ,i 216 b 

June year 3* 30-4 n 47: 243 k: 

icpt~mhrr vt'dr 2-  bX h 288 a 223 a 

July vear 2' 497 a 553 a 505 a 

September vear 2' 68 b 92 dl> 104 a 

' ~ l r s t  v a r ;  all plants \+ere harvested once In the hli. 
"artested in earlv spring and aga:n in the fall of year 2 

'~arvestei i  in late spr:ng and agam in the fall of year 2 
Aierage values in rows foliowed bv dlEerent ietters are significantly dif- 
ferent ar the 0.05 Ievel of probabdrry. dccordrrlg to Duncan's multiple 
range test. 
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Table 2 Number of Fiowenng stems and seed biomass of paradox grass The best time to harvest paradox grass for us was at 
boot stage before anthesis where some regrowth occurs b 

SHADE LEVELS plants become dormant for the stlmmer. In additior-i at 
VARIABLE stage indigestible NDF is relativeit. lo~v. 

OX 55% 80% Although the number of panicles and seed produc 

Floilerrrlg stems 36 22 h I; b was higher for plants grown under &If sunlight, seed was 
duced at 5590 shade-levels expected under trees in a 

Seed dry weight i glm?, I38 s 115a  60 a managed agrofbrestry practice-and at 8Q0~0 shade-leve 
a rilerdge A r~dlues In row.; foliowed by dlNerent letters are sign~ficantly dtf- 
ferent at the 0 05 Ievei of probah111*i>, according to Duncan's rnu1:lpie 
range rest. 

The aboveground biomass SDF ranged fron: 37% to 44% 
and was higher for plants grown under 80% shad? than for 
plants grown under moderate or no shade i T ~ b l e  3 ) .  Values for 
paradox grass were lower than the values of 55% to 6490 for 
Kentucky bi~ie, orchard, smooth bromegrass, tall fescue, timo- 
t h ~ ,  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 nonstrucrurczl carbohy- 
drates and hdve thinner leaves with less of the more easily 
digated mesophyli tissues than plants in full sun16. 

Protein content of paradox grass harvested in September 
of year I and in June of year 2 growing under full sun averaged 
8.5% and increased to 12.3% under 80'% shade (Table 33. 
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 rnedium fbr 2 y without 
applying additional fertilizer. Compared to plants in full sun, 
shaded plants store less soluble carbohydrates and produce 
more Iignin restilting in higher protein content"". 

expected under trees in managed wood-lands. 
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