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Effect of Burning and Clipping 
on Big Bluestem Reserve Carbohydrates 1 

CLENTON E. OWENSBY, GARY M. PAULSEN, 
AND JAY DEE McKENDRICK 

Assistant Professor, Associate Professor, and Research Assistant, Department of 
Agronomy, Kansas State University, Manhattan. 

Highlight 

Carbohydrate content of rhizomes and stem bases of big bluestem (Andro- 
pogon gerurdi Vitman) at different times during the growing season were mea- 
sured on plots with different clipping and burning treatments. Big bluestem 
on plots burned May 1 had higher herbage yields, percent nitrogen, and total 
nitrogen in forage than that on unburned plots. Rapid vegetative growth dur- 
ing mid-July reduced carbohydrate percentages in rhizomes and stem bases of 
big bluestem. Burning did not affect final storage of carbohydrate on un- 
clipped plots, but, in general, it reduced carbohydrate reserves on clipped plots. 
Late season clipping reduced carbohydrate reserves more than early season 
clipping. 

Range species must survive non- 
photosynthetic periods during the 
winter and following herbage re- 
moval. Survival is accomplished by 
prior elaboration and accumulation 
and subsequent metabolism of re- 
serve carbohydrate substances (i.e., 
sugars, starches, dextrins, fructo- 
sans). Reserve carbohydrate con- 
tent of range plants is therefore a 
critical factor in plant growth and 
survival. 

Carbohydrate reserves are stored 
primarily in roots, rhizomes, and 
stem bases of range grasses (Graber 
et al., 1927; Weinmann, 1948). 
Fluctuations in reserve carbohy- 
drate levels in relation to pheno- 
logic development have been well 
documented (Graber et al., 1927; 
McCarty, 1935, 1938; Aldous, 1930; 
Sampson and McCarty, 1930; Wein- 
mann, 1944, 1948). Carbohydrate 
reserve levels in storage tissues de- 
crease rapidly concurrent with new 
growth following a dormant period 
or defoliation. When sufficient 
photosynthetic tissue has been pro- 
duced so that carbohydrate produc- 
tion exceeds growth needs, reserve 
carbohydrate levels increase. Accu- 
mulation of reserve carbohydrates 
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continues until defoliation, pheno- 
logic change, or dormancy necessi- 
tate carbohydrate utilization above 
normal growth and maintenance 
requirements. Seed stalk produc- 
tion frequently decreases carbohy- 
drate reserves temporarily. During 
dormant periods, respiration gradu- 
ally lowers reserves and, following 
dormancy, initiation of new growth 
rapidly depletes reserve levels. 

Any factor affecting photosynthe- 
sis affects reserve carbohydrate ac- 
cumulation. Cutting or grazing 
native prairie grasses during the 
growing season removes photosyn- 
thetic tissues and necessitates use of 
accumulated organic substances for 
new growth. Aldous (1930) showed 
clipping four True Prairie species 
reduced carbohydrate accumula- 
tion. Frequent clipping, particu- 
larly late in the growing season, 
decreased carbohydrate reserves 
necessary for survival during the 
dormant period and subsequent 
post-dormancy regrowth (McCarty, 
1935; Kinsinger and Hopkins, 196 1; 
Sprague and Sullivan, 1950; Wolf, 
1967). 

Literature is lacking on the in- 
fluence of burning on carbohydrate 
reserves in grasses. Anderson (195 1) 
suggested that reduction in carbo- 
hydrate reserves could follow inten- 
sive grazing encouraged by burning. 
Burning alone without grazing did 
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not affect the seasonal cycle or the 
level of reserves in Themeda trian- 
dra (Daitz, 1954). Burning, how- 
ever, affects phenologic develop- 
ment of prairie species. Reports in 
True Prairie vegetation have shown 
increased early growth, increased 
seed stalk production, and changes 
in chemical composition as a result 
of burning (Ehrenreich and Aik- 
man, 1963; Aldous, 1934; Hensel, 
1923). Those changes in growth 
and development should be re- 
flected in the carbohydrate reserve 
cycle. 

The study was to determine the 
effect of late spring burning and 
clipping at different dates on car- 
bohydrate reserves, herbage yield, 
and herbage nitrogen composition 
of big bluestem (Andropogon ge- 
rardi Vitman). 

Materials and Methods 

Plots for the 1967 study were lo- 
cated in a 7-year-old stand of Kaw 
big bluestem rested during the en- 
tire 1966 growing season. Un- 
burned plots and plots burned May 
1, 1967, had five treatments im- 
posed: unclipped or clipped June 
1, July 1, August 1, or September 1. 
Individual plots were 5 by 8 ft and 
were replicated twice in a random- 
ized complete block design. Each 
clipping was made at a Z-inch stub- 
ble height with a sickle-bar mower. 
Dry weight (70 C) herbage yields 
were determined for each clipping. 
Nitrogen content of the herbage 
was determined by the Kjeldahl 
method (Hiller et al., 1948) after 
grinding the samples to 40-mesh 
size. 

Five to ten big bluestem tillers, 
including their basal node areas 
and attached rhizomes, were col- 
lected from unclipped, burned and 
unburned plots at Z-week intervals 
from April 15 through September 
30, and from clipping-treatment 
plots at Z-week intervals after clip- 
ping occurred and through Septem- 
ber 30. Soil, roots, and dead organic 
debris were removed from the sam- 
ples by cold water washing. Elon- 
gated culms were removed 2 inches 
above the uppermost basal node. 
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FIG. 1. Herbage yield (lb/A, oven-dry) of 
big bluestem clipped at different dates 
from burned and unburned plots. As- 
terisk above a given clipping date indi- 
cates statistically significant difference 
due to burning treatment (P < .05). 

The cleaned samples were oven 
dried at 70 C, ground in a Wiley 
mill (40-mesh screen), and stored 
in glass bottles before determin- 
ing total available carbohydrates 
(TAC). 

Five hundred mg of oven-dry tis- 
sue were refluxed in 0.2 N sulfuric 
acid for one hour to hydrolyze non- 
structural polysaccharides to reduc- 
ing sugars (Smith et al., 1964). Fol- 
lowing hydrolysis, the solutions 
were filtered through Whatman no. 
42 paper and neutralized with 2.5 
N NaOH. Glucose equivalent was 
determined on duplicate lo-ml sam- 
ple aliquots by the Shaffer-Somogyi 
titration technique outlined by 
Heinze and Murneek (1940). Wa- 
ter blanks and 1 mg and 2 mg glu- 
cose standards were titrated daily 
as references. Starch equivalent 
was calculated from the titrated 
glucose equivalent and reported as 
percentage TAC. 

Precipitation was only slightly 
above normal in 1967 and tempera- 
tures near established norms. 

Results and Discussion 

Big Bluestem Herbage. Burned 
plots produced significantly more 
herbage than unburned plots at all 
dates (Fig. 1). Production on 
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FIG. 2. Percent nitrogen in big bluestem 
herbage clipped at different dates. As- 
terisk above a given clipping date indi- 
cates statistically significant difference 
due to burning treatment (P < .05). 

burned and unburned plots by 
June 1 did not differ significantly. 
but the increase in herbage yield 
from burned plots above that from 
unburned plots became greater on 
successively later clipping dates. 
The increase due to burning agreed 
with experiments in wetter sections 
of the True Prairie (Hadley and 
Kieckhefer, 1963; Kucera and 
Ehrenreich, 1962), but not with 
prior experimental work at Man- 
hattan, Kansas (Aldous, 1934; Mc- 
Murphy and Anderson, 1963). The 
increase in herbage yield on burned 
plots in this study may have been 
due to removal of excessive mulch. 
Dix (1960) reported herbage yields 
were reduced by mulch accumula- 
tion following burning. Weaver 
and Rowland (1952) similarly in- 
dicated excess mulch reduced yield. 
Another possible explanation could 
be differential species response to 
burning. Most studies have dealt 
with native prairie containing 
mixed stands of several species. 
Pure stands of certain species might 
yield more under burning and 
others might yield less. 

Kucera and Ehrenreich (1962) 
speculated that increases in herbage 
yield late in the growing season on 
burned central Missouri prairie 
were due largely to increased flower 
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FIG. 3. Total nitrogen (lb/A) in big blue- 
stem herbage clipped at different dates. 
Asterisk above a given clipping date in- 
dicates statistically significant differ- 
ence due to burning treatment (P < .05). 

stalk production. Flower stock pro- 
duction increased on burned plots 
in this study, but flowering was so 
sparse that increased production 
from flower stalks was insignificant. 

Nitrogen in Herbage. Nitrogen 
percentage was higher in big blue- 
stem herbage from burned plots 
than from unburned plots at the 
June 1 clip date (Fig. 2). Nitrogen 
percentages did not differ between 
burning treatments at other clip- 
ping dates. However, nitrogen con- 
centration declined each successive 
clipping date, so only approxi- 
mately one-third the June 1 per- 
centage was present by September 
1. That decline indicated the neces- 
sity for earlier clipping for good 
quality prairie hay. 

Total nitrogen in big bluestem 
dry matter was higher on burned 
plots than on unburned plots at 
all clip dates (Fig. 3). The differ- 
ence on June 1 was due primarily 
to increased nitrogen concentration 
in herbage from burned plots but, 
as the growing season progressed, 
increased herbage growth usually 
resulted in higher nitrogen amounts 
per acre. Increased dry matter pro- 
duction during June did not in- 
crease total nitrogen yield, however, 
since percent nitrogen in the forage 
dropped drastically. High growth 
rate in July increased total nitro- 
gen per acre. Decreased nitrogen 
percentage in big bluestem during 
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FIG. 4. Percent total available carbohydrates (TAC) in rhizomes 
and stem bases on different dates for unclipped, burned or un- 
burned, big bluestem. Asterisk above a given date indicates 
statistically significant difference due to burning treatment 
(P < .05). 

August decreased the total nitrogen 
yield per acre September 1. Mur- 
neek (1932) attributed decreased 
herbage N yields to movement of 
nitrogen into roots and rhizomes 
as maturity approached. That was 
supported by work in South Dakota 
demonstrating that prairie hay left 
standing in the field increased little 
in biomass, but decreased appre- 
ciably in nitrogen content (Moxon 
et al., 1951). 

Carbohydrate Reserves. Reserve 
carbohydrates in unclipped big 
bluestem rhizomes and stem bases 
declined rapidly during the early 
portion of the growing season (Fig. 
4). Reserve accumulation was mini- 
mal by mid-May and replenishment 
of reserves began by early June. 
Carbohydrate reserves were slightly 
higher on burned plots than on un- 
burned plots in mid-June. Herb- 
age growth increased more during 
July than during any other month 
and, concurrently, carbohydrate 
reserves dropped markedly during 
that period of rapid growth. 
Growth needs for carbohydrates 
likely exceeded photosynthetic pro- 
ductivity forcing use of reserves. 
Several reports (Smith and Jewiss, 
1966; Sprague and Sullivan, 1949) 
indicate that high temperatures de- 

press reserves of grasses. Typically 
high July temperatures in the True 
Prairie region might similarly cause 
some reduction in carbohydrate ac- 
cumulation. Depletion of carbohy- 
drate reserves during July con- 
tinued into August and was greater 
on burned plots than on unburned 
plots. The greater reserve use on 
burned plots was probably due to 
a higher growth rate on those plots 
than on unburned plots during Au- 
gust. Carbohydrate reserves were 
replenished on both burned and 
unburned plots during August and 

declined during September. Re- 
serve carbohydrate depletion at that 
time was not due to flowering since 
all plants remained vegetative on 
unburned plots and less than 1% 
flowered on burned plots. No herb- 
age yield data were obtained for 
September but some growth during 
that period probably decreased car- 
bohydrate accumulation. Differ- 
ences in carbohydrate reserves be- 
tween burned and unburned plots 
during the growing season disap- 
peared by October 1. 

Big bluestem plants clipped June 
1 accumulated less carbohydrate re- 
serves in rhizomes and stem bases 
than unclipped plants during the 
succeeding month (Fig. 5). Accu- 
mulation of reserves on June 
clipped plots throughout the re- 
mainder of the growing season, 
however, was similar to that on un- 
clipped plots. Burned plots were 
lower in carbohydrate storage on 
four of eight sampling dates follow- 
ing June clipping. Maximum car- 
bohydrate accumulation occurred 
during mid-August to early Sep- 
tember with some depletion of re- 
serves during the later portion of 
the growing season. Depletion of 
reserves in mid-July in big blue- 
stem was greater from plots clipped 
July 1 than from unclipped plots. 
Contrary to June clipping results, 
carbohydrate reserves were higher 
in plants from burned plots soon 
after clipping, but were lower in 
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plants from burned plots at the 
close of the growing season. 

August clipping resulted in a 
marked decline in carbohydrate re- 
serves in big bluestem rhizomes and 
stem bases on burned and unburned 
plots (Fig. 5). Rhizomes and stem 
bases of plants on unburned plots 
recovered their reserve concentra- 
tions by the close of the growing 
season, but those of plants on 
burned plots did not replenish re- 
serves to the level of unclipped 
plants. Clipping on September 1 
accelerated the reserve decline that 
occurred on unclipped plots during 
September. No difference in re- 
serves existed between burned and 
unburned plots during September 
on plots clipped September 1. Car- 
bohydrate reserves in plants rep 
mained much lower from plots 
clipped September 1 than from un- 
clipped plots at the close of the 
growing season. 

Plant carbohydrate reserves at the 
onset of dormancy have been shown 
to be important in herbage produc- 
tion the following growing season. 
It appeared that the later in the 
growing season that clipping oc- 
curred, the lower were reserves for 
use during winter dormancy and 
subsequent spring regrowth (Fig. 
6). Burning lowered reserves in 
plants from plots clipped on June 

1, July 1, and August 1, but not on 
September 1, to levels below those 
in plants from unburned plots 
clipped on the same dates. Carbo- 
hydrate reserves in plants were 
higher from unburned plots clipped 
in June and July than from un- 
clipped, unburned plots which in- 
dicated that early season clipping 
and subsequent rest may be bene- 
ficial rather than harmful to warm- 
season plant communities. 

Data from this one-year study in- 
dicate hay cutting date for blue- 
stem meadows would lie some- 
where between July 1 and August 
1. Date of mowing studies reported 
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by Owensby and Anderson (1969) 
in a bluestem meadow showed 
herbage yields to be highest over 
a six-year period from plots clipped 
August 1 compared with clipping 
the first of June, July, September, 
October, and November. Figure 7 
shows the effects of September 1 
clipping on botanical composition 
in relation to July 1 or August 1 
clipping, The forb invading Sep- 
tember 1 clipped plots was showy- 
wand goldenrod (Solidago s$x?ciosa 
Nutt.), whose life cycle was com- 
pleted before September 1 and 
which did not regrow following 
clipping. Clipping on September 1 
was advantageous to showywand 
goldenrod since the major domi- 
nant species, big bluestem, was 
weakened due to lowered carbohy- 
drate reserves. 

Previously reported carbohydrate 
reserve studies in warm-season 
grasses have not shown declines as- 
sociated with rapid growth follow- 
ing the initial reserve depletion in 
early summer (Cook, 1966). That 
decline in reserves with high growth 
rate may have implications in graz- 
ing management systems. Grazing 
systems using the same pasture in- 
tensively late in the growing season 
year after year would likely reduce 
herbage yields and cause changes 
in botanical composition to less de- 
sirable species. Such systems would 
be more likely to deplete reserves 
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and degrade burned range than 
unburned range. 
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1970 Intermountain Forest Fire Research Council 
Missoula, Montana. October 27, 28, 29, 1970. 

A three-day symposium on “The Role of Fire in the Forests of the Inter- 
mountain West” being sponsored by the Intermountain Fire Research Council. 
The symposium will have 4 main parts: 1) Natural role of fire, 2) man’s impact, 
3) fire management direction, and 4) conclusions. 


