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Abstract 

Harvest frequency and burning can affect forage yield of 
monocultures of switchgrass (Panicurn virgutum L.), big bluestem 
(Andropogon gerurdii Vitman), and indiangrass [Sorghastrum 
nutuns (L.) Nash]. Current information is based largely on 
results from mixed stands. A field experiment was established in 
1986, and from 1988 to 1991 treatments were applied with burn- 
ing in hfarch, April, or May plus an unburned control. Growing- 
season yield was measured by harvesting 1 (June), 2 (June and 
July), or 3 (June, July, and August) times with unharvested con- 
trol plots included. End-of-season standing crop from all plots 
was determined after plants became dormant. Treatments were 
applied to the same plots annually and were arranged in a split- 
split plot, randomized complete block design. The main plot was 
species, subplot was burn date, and sub-subplot was harvest fre- 
quency. Burning reduced yields (P<O.Ol), and yields were lowest 
in plots burned in May. Burning reduced yields of indiangrass 
most (57%) and big bluestem least (15%). In 1989, plots harvest- 
ed three times produced yields similar to plots harvested once for 
all species. By 1991, yields of plots harvested 3 times per grow- 
ing-season were reduced (P=O.OS) below those of plots harvested 
once. Yield response of species also varied across the study. 
Growing-season yields in 1991 were 113, 67, and 89% of 1989 
yields for switchgrass, big bluestem, and indiangrass, respective- 
ly. Regardless of burning and harvest frequency combination, 
switchgrass produced as much or more herbage than the other 
species. 

Key Words: Soil moisture, yield, Andropogon gerardii, Panicum 
virgatum, Sorghastrum nutans. 

Switchgrass (Panicum virgatum L.), big bluestem 
(Andropogon gerardii Vitman), and indiangrass [Sorghastrum 
nutans (L.) Nash] are dominant warm-season grasses that are 
important forage resources in the tallgrass prairie region of the 
central United States. Grazing or haying, and fire, are commonly 
applied management practices that may affect the productivity of 
these species. 
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Weaver and Hougen (1939) reported that big bluestem clipped 
6 times per year during the growing-season for 2 years yielded 
40% less herbage than plants clipped only once following dor- 
mancy. Similarly, Anderson and Matches (1983) found that har- 
vesting switchgrass 3 times per year reduced yields 34 to 60% 
during the second year. Ehrenreich and Aikmann (1957) conclud- 
ed that decreased yields with frequent defoliation were a result of 
reduced photosynthetic surface area. 

Previous research on the effects of fire on herbaceous produc- 
tion in the tallgrass prairie has provided contradictory results. 
Some researchers found fire increased productivity in the tall- 
grass prairie (Ehrenreich and Aikrnann 1957, Rice and Parenti 
1978, Knapp 1985, Svejcar and Browning 1988, Mitchell 1992), 
while others found fire reduced or did not affect productivity 
(McMurphy and Anderson 1963, Owensby and Anderson 1967, 
Anderson et al. 1970). Increases in productivity were generally 
found in high precipitation zones when burning occurred after 
several years of little or no forage removal (Ehrenreich and 
Aikmann 1957, Rice and Parenti 1978, Knapp 1985). On such 
sites with accumulated dead biomass, burning may improve the 
environment for growth of warm-season grasses by providing 
warmer soil temperatures, increased light penetration to emerging 
shoots, and reduced allelopathic effects associated with decay of 
dead plants (Hulbert 1984). Burning may not improve the growth 
environment if rainfall is below average, or in zones with less 
precipitation. 

Declines in productivity with burning may also be associated 
with burn date. Anderson (1965) determined that productivity 
was less with 20 March and 10 April bums than 1 May bum. 

Some fire and harvest management effects on the yield of these 
species may be explained by soil water content, since soil water 
availability often limits growth in grasslands (Anderson et al. 
1970, Ogden and Loomis 1972). Further, burning has been shown 
to reduce soil water content (Ehrenreich and Aikmann 1957, 
Anderson 1965, Anderson et al. 1970). 

Most research on warm-season grasses has focused on mixed 
stands, thus interactions among species may mask the effect of 
burning and harvest frequency on individual species and may 
account for some of the different results. This study was conduct- 
ed in pure stands in order to more precisely measure the effect of 
bum date and harvest frequency on forage yield of switchgrass, 
big bluestem, and indiangrass grown in monocultures. 
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Materials and Methods 

The study was conducted at the University of Nebraska, 
Agricultural Research and Development Center near Mead, 
Nebraska (96” 33’ W. long., 41” 11’ N. lat., 315 m elev.), which is 
located near the western edge of what was once the tallgrass 
prairie. The soil is a Sharpsburg silty clay loam (fine montmoril- 
lonitic mesic Typic Argiudoll) derived from loess materials, with 
the A horizon extending to a depth of approximately 35 cm. The 
capability classification is IIe. 

The climate is continental. Long term average precipitation at the 
research site is 68 cm with 50 cm occurring between 1 April and 30 
September. Both 1988 (44.6 cm y?) and 1989 (50.2 cm y?) were 
relatively dry years; precipitation was near normal in 1990 (68.7 cm 
yr-I); and it was above normal in 1991 (81.4 cm yr-‘). Growing-sea- 
son precipitation (March-September) followed a similar pattern 
(37.8,42.3, 58.6, and 68.1 cm yr-’ for 1988, 1989, 1990, and 1991, 
respectively). 

At each harvest, fresh cut herbage was weighed and a 150 g 
subsample collected, dried in a forced air oven at 60’ C for 2 days 
and weighed to determine percent dry matter, which was used to 
calculate herbage dry matter yield. 

Soil water content was measured by installing an aluminum 
access tube to a 1.7 m depth in each non-harvested and twice-har- 
vested sub-subplot of each species. Soil moisture measurement in 
other harvest treatments was omitted. Soil water content was 
measured with a neutron scattering device at 30-cm intervals 
from 30 to 150 cm below the soil surface. Soil water content was 
measured periodically from mid-August until November in 1989. 
In 1990 and 1991, soil water content was periodically measured 
from March to November. 

In 1986, monocultures of ‘Pawnee’ big bluestem, ‘Nebraska 
54’ indiangrass, and ‘Trailblazer’ switchgrass were planted in 5 x 
44-m plots. Three replicates of each species were arranged in a 
randomized complete block design. The area containing all treat- 
ment plots was mowed and herbage removed in August 1987. A 
mixture of 1.1 kg a.i. ha” of atrazine [6-chloro-N-ethyl-N’-Cl- 
methylethyl- 1,3,5-triazine-2,4-diamine] and 1.1 kg a.i. ha-’ of 
alachlor [2-chloro-2’6’-diethyl-N-(methoxymethyl)acetanilide] 
was applied in water in a dilution volume of 260 liters ha-’ during 
late April 1990 and 1991 to maintain stand purity. Herbicides 
were used because weed infestations may have been different for 
species and treatments and therefore may have masked treatment 
effects. 

Each main plot strip was divided into four, 5 x 9-m subplots 
with 1.5-m borders separating the subplots. Three bum treatments 
were applied on randomly selected subplots in mid-March when 
plants were still dormant, in mid-April, with approximately 1 to 5 
cm of new growth, or in mid-May with approximately 15 to 20 
cm of new growth. An unburned subplot was used as a control. 
The same bum treatments were reapplied to the same subplots 
each year. 

Each bum subplot was further divided into four, 1.5 x 5 m sub- 
subplots. Sub-subplots were harvested 1 (July), 2 (June and July), 
or 3 (June, July, and August) times, or not harvested during each 
growing-season. Herbage was harvested and removed from a 1 x 
5 m area in each sub-subplot with each growing-season harvest 
using a flail type forage harvester. The remaining vegetation was 
mowed with a sickle-bar mower and left on the plot for litter 
accumulation and fuel for burning. Plots were harvested to leave 
a stubble height of 18 cm. The same growing-season harvest 
treatments were applied to the same sub-subplots each year. 

In October, after killing freezes caused above ground growth to 
cease, an end-of-season harvest was taken by hand clipping a 30 
x 180 cm area to a height of 18 cm from non-harvested sub-sub- 
plots in 1989, and from all sub-subplots in 1990. At the conclu- 
sion of the study in 1991, all plots were harvested with the forage 
harvester following onset of dormancy in October. No end-of- 
season clipping was taken from harvested plots in 1989. Yield 
from the October harvest was added to the yield from growing- 
season harvests to calculate total annual yield. Since no end-of- 
season clip was taken from harvested plots in 1989, no total 
annual yield could be calculated. 

The study was designed as a split-split plot in time and ana- 
lyzed using both repeated measures analysis and GLM proce- 
dures (SAS 1988). A univariate rather than a multivariate 
approach to repeated measures analysis was used because treat- 
ment-difference variances were determined to be homogeneous 
(Maxwell and Delaney 1990). This is similar to assuming the 
population covariance matrix has a certain form, “sphericity” or 
“circularity” (Huynh and Feldt 1970). Even the most stringent 
test for sphericity, the Greenhouse-Geisser test, (Greenhouse and 
Geisser 1959), indicated no violations of assumptions for vari- 
ances, so univariate analysis of repeated measures was deemed 
appropriate. Univariate repeated measures analysis gives little 
control of the over-year error terms necessary to calculate the 
correct F-tests for the split-split plot design. Because the outcome 
of F-tests was similar between the repeated measures and the 
split-split plot in time analyses, and because the split-split plot in 
time gives greater control of error terms, F values and probabili- 
ties from the split-split plot in time are used for data presented in 
the text. 

Results and Discussion 

Growing-season Yield 
Year by species by bum interactions were significant (P=O.Ol) 

for growing-season yield (Table 1). In 1989, unburned plots pro- 
duced more (P=O.Ol) growing-season yield than burned plots, 
and plots burned in March or April produced more growing-sea- 

Table 1. Growing-season yield of switchgrass, big blue&m, and indian- 
grass at 4 bum dates averaged across 3 growing-season harvest fre- 
quencies in 1989-1991 (year by species by burn date interaction 
PcF=O.Ol; LSDo.os =300 kg ha.‘). 

Species Bum date 
YIXU 

1989 1990 1991 
_____ _____ (kghaw’)-i _______ 

Switchgrass Not burned 3360 3440 
March 2070 2770 
April 1980 2310 
May 1580 1730 

Big bluestem Not burned 3660 2710 
March 2350 2630 
April 2060 2200 
May 1650 1700 

Indiangrass Not burned 3310 2750 
March 1140 1780 
April 1250 1670 
May 670 920 

3840 
2520 
2510 
1330 

1850 
1870 
1610 
1250 
2490 
1170 
1270 

760 

158 JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 



. - .- 

son yield than May burned plots for each species. This difference 
held true in subsequent years for switchgrass and indiangrass 
except in 1990 when switchgrass burned in March produced more 
growing-season yield than switchgrass burned in April. Not 
burned big bluestem growing-season yield declined relative to 
burned big bluestem yields from 1989 to 1991. Averaged across 
bum treatments in 1991, burning reduced indiangrass growing- 
season yields more (57%; P=O.O9) than big bluestem (15%) or 
switchgrass (50%). 

In 1989, indiangrass and big bluestem harvested 3 times per 
growing-season produced similar yields to plots harvested 1 time 
(Table 2). By 1991, plots harvested 3 times during the growing- 
season yielded less than plots harvested once. These results con- 
cur with those of Weaver and Hougan (1939), Ehrenreich and 
Aikmann (1957), and Anderson and Matches (1983) who found 
frequent harvests decreased productivity of warm-season grasses 
over time. 

Growing-season yields in 1991 were 113,67, and 89% of 1989 
yields for switchgrass, big bluestem and indiangrass, respectively 
(averaged across bum and harvest frequency treatments). The 
reduction in big bluestem yield indicates that although big 
bluestem dominates much of the tallgrass prairie region of the 
Great Plains, environmental conditions do not always favor its 
expansion when planted in monocultures. 

The lower yield of burned plants in this study contradicts 
results of some researchers (Ehrenreich and Aikmann 1957, Rice 
and Parenti 1978, Knapp 1985, Svejcar and Browning 1988). Fire 
may not increase yield on sites without accumulated biomass. 
Anderson et al. (1970) found no increase in yield on annually 
burned Flint Hills tallgrass prairie, and Ehrenreich and Aikmann 
(1957) found no increase in yield with a second consecutive year 
of burning in Iowa prairies. Ehrenreich and Aikmann (1957) con- 
cluded that in Iowa prairies, 4 to 6 years without burning was 
needed to develop sufficient mulch to suppress warm-season 
grass growth. In this study, the relatively young stands in non- 
burned plots may not have accumulated enough mulch to inhibit 
growth. 

Year by species by harvest frequency interactions were also 
significant for growing-season yield (P=O.OS; Table 2). 

Table 2. Growing-season yield of switchgrass, big bluestem, and indian- 
grass for 3 grokng-season harvest frequencies averaged across 4 bum 
dates in 1989-1991 (year by species by harvest frequency interaction 
P<F=O.OS; LSDaos = 450 kg ha”). 

The more erect growth form and earlier emergence of switch- 
grass reproductive tillers (Moser and Vogel 1995) would lead one 
to believe that multiple harvests would be more detrimental to 
switchgrass than to the other species. But, these data show the 
opposite to be true. Tiller density of switchgrass was less than 
that of big bluestem or indiangrass (Cuomo 1992). In addition, 
basal cover tended to be less for switchgrass than for the other 
species (Cuomo 1992). This may have resulted in less interspecif- 
ic competition and more vigorous plants in switchgrass monocul- 
tures. 

Interactions between bum date and harvest frequency were also 
significant (P=O.Ol) for growing-season yield. Plots that were not 
burned, or burned in March (before growth started in the spring) 
had lower growing-season yields with increasing harvest frequen- 
cy (Fig. 1). Yield was not reduced as much by multiple harvests 
on plots burned after plants began growth in spring (April and 
May bums). This response was consistent over years (year by 
bum by harvest frequency interaction P=O.35) and not different 
among species (species by bum by harvest frequency interaction 
P=O.61). Plants harvested once or twice each growing-season 
were growing more vigorously early in spring than plants har- 
vested three times per growing-season (Cuomo 1992) and 
appeared to be injured more by later bums. For example, plots 
harvested twice each growing-season yielded 78,46, 16, and 5% 
more (P=O.Ol) at the June harvest than those harvested 3 times 
for non-burned, March, April, and May burned plots, respectively 
(averaged over species and bum treatments). 

Year 
Species Harvest frequency’ 1989 1990 1991 

_____ _____ figha-‘) _________ 
Switchgrass 1 2310 3040 3060 

2 2210 2250 2320 
3 2220 2410 2210 

Big bluestem 1 2690 2440 2070 
2 2050 2190 1560 
3 2540 2310 1300 

Indiangmss 1 1540 1990 1770 
2 1370 1740 1300 
3 1860 1600 1200 

‘Harvest frequency: 
I = June harvest 
2 = June and July harvests 
3 = June. July, and Auyst harvests 

4sooo - 
- 3,500 

‘; 
.g 3,000 

Switchgrass yield increased or was unchanged for all harvest fre- 
quencies from 1989 to 1991. In addition, switchgmss was more 
tolerant of 3 harvests during a growing-season than the other 
species. Big bluestem yields declined for all harvest frequencies 
from 1990 to 1991. Yields of indiangrass harvested 1 or 2 times 
during the growing-season were similar in 1989 and 1991 but, 
yield of indiangrass harvested 3 times per growing-season 
declined as the study progressed. 

0’ 
Not burned March April May 

Burn Treatment 

Fig. 1. Growing-season yield of 3 warm-season grass species for 4 
bum treatments and 3 harvest frequencies near Mead, Neb. (bum 
date by harvest frequency interaction P<F 0.01; LSD0.05=270). 
Values represent averages from 1989-1991. Bum by harvest fre- 
quency bars with the same letter above them are not significantly 
different. 
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Total Annual Yield 
An end-of-season harvest was taken after frost in 1990 and 

199 1. Total annual yield was growing-season yield plus the end- 
of-season harvest. Species by bum by harvest frequency interac- 
tions were significant (P=O.O3) for total-annual yield (Table 3). 
Not burned switchgrass produced more total annual yield than the 
other species, while big bluestem was least affected by burning. 
Total annual yield of big bluestem that was not burned or harvest- 
ed during the growing-season was 62% of switchgrass (Table 3). 
Big bluestem produced 116% as much total annual yield as 
switchgrass when averaged across the burned plots that were not 
harvested during the growing season. 

Table 3. Total annual dry matter yield’of switchgrass, big bluestem, and 
indiangrass at 4 burn dates and 4 harvest frequencies. Values repre- 
sent averages across 1990 and 1991 (species by bum date by harvest 
frequency interaction P<F=O.O3; LSDO.os= 890 kg ha-‘). 

Bum date Harvest Switch- 
freauenc? crass 

Big 
bluestem 

Indian- 
f!lXS 

I--- _ _ _ _ _ (kg ha-‘) _ _ _ _ _ _ _ _ _ 

Not bumcd 0 95so 5980 5910 
1 5790 3730 4090 
2 5100 3170 3250 
3 3310 2190 2450 

March 0 4710 5500 3610 
1 3970 3530 2100 

2 4420 2970 1820 
3 2600 2170 1310 

April 0 5420 5680 3460 
1 4210 2850 2240 

2 3110 2410 1700 
3 2520 2350 1500 

Mily 0 3300 4350 2170 
1 2350 2930 1450 

2 2200 2190 1260 
3 2510 1470 1070 

‘Includes yield from growing-season harvest and end-of-season harvest. 
‘Hawest frequency: 
0 = No harvest during the growing-season 
1 = June harvest 
2 = June and July harvests 

A significant year by bum date by harvest frequency interaction 
(PcO.01) resulted from the response of these species to the more 
favorable moisture conditions in 1991 (Table 4). Regardless of 
the burning date, burning reduced forage yields in this study. This 
was true even in plots that were not harvested. Compared to 
1990, yield in 1991 was 110,33, 38, and 30% higher in non-har- 
vested plots that were not burned or non-harvested plots that were 
burned in March, April, or May, respectively. In addition, com- 
pared to 1990, total annual yield increased 56% in 1991 on non- 
harvested plots, increased slightly on plots harvested once (4%), 
and declined on plots harvested 2 and 3 times (9 and 19%, 
respectively). Thus, judicious harvest and burning management 
may be necessary to maintain productivity in these species when 
grown in monocultures. 

Spring Growth 
At the June harvest for all species, non-burned plots yielded 

more (P-zO.01) than burned plots and March and April burned 
plots yielded more than May burned plots. Decreased June yields 
in later burned plots may have been, in part, the result of early 
growth being destroyed by burning. Burning in April destroyed 

Table 4. Total annual yield’ for 4 burn uates and 4 harvest frequencies in 
1990 and 1991, averaged over species (year by burn date by harvest 
frequency interaction P<F=O.Ol; LSD,,as = 590). 

Yt%X 
Bum date Harvest frequency’ 1990 1991 

_- -  _ _ _ -(kg ha’)- _ Not burned 0 4,620 9690- 

1 4,210 41870 
2 4,040 3,640 
3 2,760 2,530 

March 0 4,380 5,840 
1 3,420 2,980 

2 3,440 2,700 
3 2,410 1,650 

April 0 4,090 5,620 
1 3,090 3,110 
2 2,410 2,410 
3 2,410 1,860 

May 0 2,850 3,710 
1 2,130 2,360 
2 l,S60 1,900 
3 l,S20 1,550 

:IncIudes yield from growing-season harvest and end-of-season harvest 
Harvest frequency: 
0 = No harvest during the growing-season 
1 = June harvest 
2 = June and July harvests 
3 = June. July. and August harvests 

less new growth than burning in May. By the June harvest, not 
burned plots produced 53% of their total annual yield, plots 
burned in March 44%, plots burned in April 43%, and plots 
burned in May 18%. In contrast, Ehrenreich and Aikmann 
(1957), working in Iowa tallgrass prairies, found burned plots 
produced 43 to 47% of their total biomass by May 30, while non- 
burned plots had produced only 19%. In their study, heavy litter 
accumulation on non-burned areas kept soil temperatures low, 
and early bum dates (winter and early spring) allowed soils to 
warm and plants to grow earlier in the year. 

Although yields were reduced by burning later in the spring in 
this study, canopy regeneration was quicker with later bum dates. 
Later bum dates minimized the length of time the soil surface 
was left without cover. Two weeks following the March, April, 
and May bums, light interception in these plots was 1, 5, and 
22%, respectively (Cuomo 1992). Rate of canopy regeneration 
may be important in areas with high erosion potential or low rain- 
fall. 

Summer Growth 
By July the accumulated yield of plots harvested 2 and 3 times 

each growing season was 19 and 40% less (P=O.Ol), respectively, 
than plots harvested once per growing season. Unburned plots of 
all species yielded more (1,730 kg ha) than plots burned in March 
(1,220 kg ha-‘), April (1,120 kg ha-‘), or May (890 kg ha-‘; 
P<O.Ol; L.S.D. at 0.05 = 336 kg ha”). 

Species by harvest frequency interactions at the July harvest 
(P=O.Ol) resulted from indiangrass producing less regrowth 
between the June and July harvests than the other species. At the 
August harvest, indiangrass also did not yield as much as the 
other species (650, 610, and 440 kg h&’ for switchgrass, big 
bluestem and indiangrass, respectively; P=O.O3; L.S.D. at 0.05 
=120 kg ha-‘), but yields were low for all species. Low yields 
between the July and August harvest, and between the June and 
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July harvest for indiangrass, indicate that removing all herbage to 
IS cm in summer is a severe treatment. 

Soil Water Content 
Species by burn by harvest frequency interactions were not 

detected for soil water content in this study, but species by bum 
interactions were significant through most of the growing season 
(Table 5). Soil water content was lower in big bluestem and 
switchgrass monocultures, when burned in March compared with 
the other bum dates. In indiangrass monocultures, soil water con- 
tent in March and April burned plots was generally less than 
unburned and May burned plots. Visual observation indicated 
that regrowth after burning was slower for indiangrass than for 
the other species, which may account for lower soil water content 
in indiangrass following April burning. 

(PcO.05) for soil water content (Table 6). Where significant dif- 
ferences were detected (through summer in March burned plots, 
in early-spring in not burned plots, and in summer in April 
burned plots), non-harvested plots hdd less soil water than plots 
harvested 2 times (PcO.05). This was probably from more tran- 
spiration as a result of greater productivity on non-harvested plots 
(Tables 3 and 4). 

Reduced soil water content in March burned plots for all 
species, and March and April burned indiangrass plots may have 
been the result of the relatively long time the soil surface was 

No interactions were detected for soil water content during the 
late-summer and fall periods (Table 6), but March burned plots 
had lower (P=O.Ol) soil water content than the other bum treat- 
ments in fall. Plots not harvested had lower soil water content 
(P=O.Ol) during the fall period than plots harvested 2 times each 
growing-season. Differences among species for fall soil water 
content were not significant (P=O.68). 

Table 5. Seasonal volumetric soil water content in plots seeded to switch- Table 6. Seasonal volumetric soil water content for 4 burn treatments 
grass, big bluestem, and indiangrass at 4 burn dates. Values are aver- and 2 harvest frequencies in plots seeded to switchgrass, big bluestem, 
ages across harvest treatments and years. and indiangrass, values represent averages across species and years. 

Six&s Bum 
Early Late Late 
sming spring Summer summer fall 

Switchgrass Not burned 
hlarch 
April 
hIay 

Big bluestem Not burned 
March 
April 
hlay 

Indiangrass Not burned 
March 
April 
hIay 

P<F 
LSDD.05 

brlv sorinc = 1 hlar.-2 Am. 

--- _ - _ - - - _ - _ - - (To) - - - - 
42 44 43 
40 42 40 
42 43 43 
44 45 44 

42 44 44 
3s 40 39 
40 43 42 
41 44 44 

44 46 45 
37 39 3s 
37 43 40 
42 44 44 

0.01 0.01 0.01 
2.1 2.1 2.2 

_ _ - - - - - - 
37 3s 
34 34 
37 3s 
39 40 

37 38 
33 33 
36 36 
37 37 

39 40 
32 33 
33 3s 
3s 3s 

0.01 0.61 
2.6 NS 

Lare $-kng = 3 Apr.31 hliy 
Summer = I June-31 July 
Low sommer = 1 Aug.-l.5 Sept. 
Fall = 16 Sept.4 Nov. 

blackened and left exposed before new growth protected the soil 
surface following burning and to increased transpiration from 
additional growth on March and April compared with May 
burned plots. This additional moisture loss on early burned plots 
may be particularly important during moisture stress periods that 
often occur during late summer. 

Evaporation from the soil and through transpiration appeared to 
have the greater impact on soil water content than infiltration. 
Runoff, and therefore less infiltration on burned plots, might be 
expected with the high intensity convectional storms that are 
common during spring. But, increases in soil water content from 
early-spring to late-spring were similar across all bum date treat- 
ments (1.9, 2.0, 2.8, and 2.2 percentage units for non-burned, 
March, April, and May burned plots, respectively). This implies 
that runoff and infiltration were similar among burned and not 
burned treatments during spring. This is in contrast to Anderson 
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(1965) and Anderson et al. (1970) who attributed part of the 
reduction in soil water content with burning to increased runoff. 

Bum by harvest frequency interactions were also significant 

Season’ 

Harvest Early Late Late 
Bum frequency* spring spring Summer summer Fall 

--------------_ (%) _--_--------- 
Not burned 0 42 44 44 37 3s 

2 44 44 39 40 40 

March 0 37 39 3s 35 32 
2 40 41 41 34 35 

April 0 39 42 41 34 35 
2 41 43 42 37 40 

May 0 43 45 44 3s 3s 
2 42 45 44 3s 39 

PcF 0.01 0.01 0.01 0.22 0.28 
L.S.D. at 0.05 2.0 1.s 1.3 NS NS 

‘Early spring = 1 hIar.-2 Apr. 
Late spring = 3 Apr.-3 1 May 
Summer = 1 June-31 July 
Late summer = 1 Aug.45 Sept. 
Fall = 16 Sept-1 Nov. 
’ Harvest frequency: 
O= No h;west during the growing-season 
2= June and July harvests 

Management Implications 

I 
Switchgrass, big bluestem, and indiangrass are all major com- 

ponents in fire-derived and maintained ecosystems. But, burning 
in consecutive years in this study was detrimental to the produc- 
tivity of these species grown in monocultures. Burning reduced 
indiangrass yields the most and big bluestem yields the least. 
Because annual burning reduced productivity, burning in mono- 
cultures of these species should be used only to meet specific 
management objectives such as litter reduction and manipulating i 
species composition. 

Indiangrass tended to have less regrowth after harvest than the 
other species.Big bluestem yield decreased as the study pro- 
gressed and was not benefitted by any treatment combination, but 
yield of not burned big bluestem declined more than yield of 
burned big bluestem. In this study, switchgrass was most tolerant 
of burning and harvest frequency treatments and may be the most 
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