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Effects of Nitrogen Fertilization, Burning, 

and Grazing on Reserve Constituents 

of Big Bluestem 

JERRY R. RAINS, CLENTON E. OWENSBY, AND KENNETH E. KEMP 

Highlight: During 1972 and 1973, the effects of nitrogen fertilization, 
burning, and grazing on total nonstructural carbohydrate (TNC) and nitrogen 
reserves of big bluestem (Andropogon gerardi Vitman) were studied in the 
Kansas Flint Hills. TNC and nitrogen reserves were lowered when growth 
exceeded photosynthetic production and nutrient assimilation. TNC reserves 
were lowest in unburned, heavily fertilized, pastures; nitrogen in storage organs 
increased linearly as nitrogen fertilization was increased. TNC was higher in 
burned than in unburned pastures, regardless of fertilization rate. Increasing the 
grazing rate when nitrogen fertilization was increased had little effect on reserves 
at senescence. 

Increasing livestock carrying 
capacity by increasing forage 
production is receiving a major 
emphasis in range management. 
Nitrogen fertilization appears to be a 
key in increasing forage production on 
native tallgrass ranges, particularly 
where proper land management 
techniques are already being used. 

Authors are former research assistant 
and research range scientist, Department of 
Agronomy; and associate professor, 
Department of Statistics, Kansas State 
University, Manhattan. 

The study is Contribution No. 1451, 
Department of Agronomy, and Cont. No. 
231, Department of Statistics, Kansas 
Agricultural Experiment Station, Kansas 
State University, Manhattan 66506. 

received September 19, Manuscript 
1974. 

Any management practice centers 
on maintaining plant vigor and 
production. Food-reserve quantity and 
quality are integral factors in plant 
growth and survival (McKendrick, 
197 1). Carbohydrate and nitrogen 
reserves depend largely on soil nutrient 
levels, am0 unt of photosynthetic 
material available for production, and 
size or quantity of storage organs. Any 
process that produces or uses energy 
may affect the amount of food 
reserves in plants. 

In Kansas Flint Hills nitrogen, not 
moisture, was found to be the 
critically limiting factor in bluestem 
range production (Owensby et al., 
1970). When Flint Hills range was 
fertilized, composition shifted from 

warm-season perennials to cool-season 
grasses and weeds, species which are 
not dependable forage under the 
limited rainfall of the area (Mader, 
1956; Silker and Wood, 1960; 
Owensby et al., 1970). Burning, as a 
management tool, increased forage 
quality and reduced the population of 
cool-season grasses, sedges and rushes, 
and perennial forbs in the True Prairie 
(Owensby and Smith, 1972). 

In light of demand for increased 
range production, burning, combined 
with nitrogen fertilization, appears a 
method of increasing stocking rate 
without adverse effects of fertilization 
alone. The effects of nitrogen 
fertilization, burning, and grazing on 
nitrogen and carbohydrate reserves of 
big bluestem (Andropogon gerardi 
Vitman) were studied. 

Materials and Methods 

In the spring of 1971 
burned-unburned treatments, followed 
by grazing and nitrogen fertilization 
treatments in 1972, were applied to 
six randomly selected pastures (44- 60 
acres each) in a native tallgrass prairie 
near Manhattan, Kans. (Table 1). 
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Table 1. Treatments in a native tallgrass 
prairie pasture, Manhattan, Kansas 

Stocking rate, 
steers 

N-rate (acres/AU) 
Burning (lb N/acre) 1972 1973 

Burned 
April 25 ~27 0 5 5 

40 3.3 3.3 
80 2.17 2.79 

Unburned 0 5 5 
40 3.3 3.3 
80 2.17 2.79 

Previous pasture treatment effects 
were minimized, and range condition 
equalized, with late spring burning and 
stocking with steers (5 acres/AU), 
1968- 1970. Stocking rate remained at 
5 acres/AU when burning treatments 
began in 1971. Nitrogen (N) was 
applied aerially in early May as prilled 
urea in 1972 and as prilled ammonium 
nitrate in 1973. Stocking rates were 
adjusted to obtain a similar percentage 
removal of forage in each pasture. 
Stocking rates on pastures with 80 lb 
N/acre were lowered in 1973 because 
estimated forage production in 1972 
was less than actual. 

Within each of six pastures, three 
loamy upland range sites (Anderson 
and Fly, 1955) with similar grazing use 
were selected as plant collection sites. 
Every 2 weeks from May 15 to 
November 1 and once a month from 
December 1 to April 15 at each site a 
minimum of 20 big bluestem plants 
were selected at random along and 
within 1 yard either side of a loo-yard 
line. Plants were dug deep enough to 
insure collection of rhizomes. 
Percentage of plants grazed was 
recorded for plants collected. Samples 
were not taken on May 1 in 1972 or 
1973 because burning had removed 
identifiable top growth. Soil, roots, 
and dead organic material were 
removed from samples by cold-water 
washing and hand clipping. Elongated 
culms 2 inches above the uppermost 

A, cde 
cde 

basal node were removed. Though 
differences in carbohydrate and 
organic nitrogen concentrations within 
grass parts have been reported, 
rhizomes, crowns, and stem bases are 
all major areas of storage in 
Andropogon, from which the plant 
can potentially draw stored reserves 
(McKendrick, 1971; Perry and Moser, 
1974). Cleaned samples of rhizome, 
crown, and live stem bases were oven 
dried for 5 days at 7O”C, ground in a 
Wiley mill (40-mesh screen), and 
stored in sealed glass bottles in the 
dark (Owensby et al., 1970). Total 
nonstructural carbohydrates (TNC) 
were determined by enzyme 
extraction with “Clarase 900” 
(takadiastase) and copperiodometric 
t i tration (Smith, 1969). Kj eldahl 
nitrogen was determined for each 
sample. 

Least-squares analysis of variance 
for unequal subclasses was used to test 
effects of percent plants grazed on 
stored N and TNC reserves on all 
samples from all collection dates 
(Kemp, 1972). Subsequent analyses of 
variance or covariance, with grazing as 
a covariate when significant, were used 
to test effects of burning and nitrogen 
fertilization on collections over 2 years 
(growth-and-storage period: May 15 to 
November 1) and on collections in 1 
year (dormant period: December 1 to 
April 15). Means were separated by 
LSD when significant (X.05) F-values 
were found. Both linear and quadratic 
effects of fertilizer treatments were 
measured (Cochran and Cox, 1968). 

Results and Discussion 

Total Nonstructural 
Carbohydrate (TNC) Reserves 

Grazing (percent plants grazed) 
decreased TNC levels during the 
growing season (p<.Ol), but not 
during the dormant period (K.67). 
Any situation that interferes with 
normal growth of the photosynthetic 

10.0-j 1B 

a 

ad 

- - - - Unburned 

May 15 Jun 1 Jun. 15 Jul. I Jul 15 Aug. 1 Aug. 15 Sept. 1 Sept. 15 Oct. 1 Ott 15 Nov. 

tissue of range plants will restrict root 
development and normal reserve 
storage and may curtail subsequent 
growth (Cook, 1966). Detrimental 
effects on plant growth increase when 
frequency or degree of defoliation is 
increased (Jameson, 1964). 

TNC was lowest in May, reached a 
summer maximum by July 15, 
declined in mid-August, and reached a 
yearly high by October 15 in 
unburned pastures and November 1 in 
burned pastures. TNC was higher in 
burned than in unburned pastures 
throughout the growth-and-storage 
period (Fig. 1A). Plants use food 
reserves in early growth until the 
photosynthetic products exceed 
growth demands, then they store 
reserves. Though late season TNC 
decline in several grasses has been 
attributed to sexual reproduction 
(Coyne and Cook, 1970; McKendrick, 
1971; Pettit et al., 1973; Rappe, 
1947), Owensby (unpublished) found 
that <l% of the big bluestem plants in 
tallgrass prairie initiated seedheads. 
Root production on new rhizomes of 
big bluestem in mid-August 
(McKendrick, 197 1) probably caused 
reserves to decline at that time (Fig. 
2). Sampson and McCarty (1930) and 
Weinmann (1948) reported that 
underground development is most 
active when herbage growth is 
minimal. Differences between burned 
and unburned pasture TNC levels over 
sampling date were not significant 
during the dormant period (<.19). 
TNC dropped in January but stabilized 
a month later and remained stable 
until spring growth began (Fig. 1B). 
That cycle was similar to those 
reported by Owensby et al. (1970) and 
McKendrick (1971) for big bluestem. 
Other workers have shown TNC drops 

Fig. 1. Effect of burning on TNC in big bluestem storage organs: (A) May 15 to Nov. I, 1972; (B) Dec. I, 1972 to Apr. 15, 1973. Averaged 
over all treatments. TNC levels with a common letter are not significantly different (PCO5). 
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Fig 2. Phenology of big bluestem (adapted 
from McKendrick, 1971). 
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in mid-winter with no explanation 
offered (Sampson and McCarty, 1930; 
Archbald, 1940; Sonneveld, 1962). 
Research was not conclusive; perhaps 
storage compounds transferred from 
one form to another during periods of 
temperature or moisture stress. 
Phenologic data (Fig. 2) showed that 
the soil is usually frozen during 
January and February in the Flint 
Hills. 

Burning and nitrogen fertilization 
significantly affected TNC during both 
growth and dormant periods (K.01); 
effects were mostly quadratic. TNC 
was highest in burned nonfertilized 
pastures, and lowest in unburned 
pastures regardless of fertilizer rate, 
during growth and storage periods 
(Fig. 3A). TNC in burned pastures was 
highest when rates were 0 and 80 lb 
N/acre and lowest with 80-lb N/acre in 
unburned pastures during the dormant 
period (Fig. 3B). Ehrenreich (1959) 
theorized that burning removed most 
mulch, which encouraged early growth 
and stimulated production of 
carbohydrate reserves. Pettit and 
Fagan (1973) reported that for 
b u f falograss (Buchloe” dactyloides) 
carbohydrate reserves during the 
growing season were reduced but were 
nearly equivalent at the point of 
maximum storage with nitrogen 
fertilization. Fertilizing and burning 
the pasture increased plant growth, 
which in turn probably resulted in a 
decline of TNC. 

a 
7.5- 

7.0- 

6.5- 

F 

i 
- LO- 

,‘b4\ 
/ \ 

/ \ 
/ 

/ \ 
/ \ 

5.5- / \ 
/ \ 

b/ \ 
\ 

\ 
\ 

5.0- \ 

- Burned ‘c 

4.5- 

- - - - Unburned 

/ 
# 

0 40 80 

Nitrogen . Rote (lb./Acre) 

Fig. 3. Effect of nitrogen fertilization and burning on TNC content in big bluestem storage 
organs: (A) May 15 to Nov. I, 1972 and 1973; (B) Dec. I, 1972 to Nov. I, 1973. 
Averaged over all treatments. TNC levels with a common letter are not significantly 
different (P<.O5). 

Nitrogen (N) Reserves 

Grazing (percent plants grazed) did 
not significantly affect N reserves in 
big bluestem. Nitrogen reserves may 
not be used as readily in regrowth as 
are carbohydrate reserves. 

On different sampling dates, the 
effect of nitrogen fertilization rate on 
reserve nitrogen was different during 
the growth-and-storage period 
(K.Ol), but not during the dormant 
period (K. 15). Reserves declined, 
under O-lb and 40-lb nitrogen 
fertilization rates, when growth 
requirements exceeded available 
nitrogen (May 15 to July 1). They 
remained low during mid-season and 
increased in the fall when plant 
requirements no longer exceeded the 
available supply (Fig. 4). Nitrogen 
reserves were not significantly lowered 
in mid-August, as were TNC reserves, 
probably because of sufficient uptake 
of soil nitrogen by new roots. 
McKendrick (1971), in earlier work on 
big bluestem, indicated that reserve 
nitrogen increased at maturity and 
that N declined when spring growth 
was initiated. Changes in annual 
N-reserve cycling were less under the 
80-lb N rate, indicating high nitrogen 
uptake throughout the season and less 
need for nitrogen reserves to support 
growth. Though trends indicated a 
positive correlation of increased N 
reserves and fertilizer rate, differences 
at particular dates were not always 
significant (Fig. 4). At season’s end 
reserves were equal under O-lb and 
40-lb rates. Weinmann (1948) and 
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Fig. 4. Effect of nitrogen fertilization on 
nitrogen content in big bluestem storage 
organs [May 15 to Nov. I, I972 and 
19 73). Averaged over all treatments. 
Nitrogen levels with a common letter are 
not significantly different (Pc.05). 
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Fig. 5. Effect of nitrogen fertilization and burning on nitrogen content of big bluestem 
storage organs: (A) May I5 to Nov. I, I9 72 and I9 73; (B) Dec. I, I9 72 to Nov. I, I9 73. 
Nitrogen levels with a common letter are not significantly different (IY.05). 

Power (1972) also showed that a 
positive correlation apparently existed 
when available N exceeded plant 
requirements. 

Burning and nitrogen fertilization 
significantly affected reserve nitrogen 
during the growing season (K.01). 
Throughout the year nitrogen in big 
bluestem storage organs was higher in 
unburned than in burned pastures at 
the 0 and 40-lb nitrogen rate (K.05) 
(Figs. 5A and SB). Nitrogen 
fertilization affected burned and 
unburned pastures linearly during the 
growing season; N increased with 

fertilizer rate. Under the O-lb and 40-lb 
rates stored nitrogen did not differ 
(P<.OS) within burning treatments 
during the dormant period (Fig. 5B). 

Burning removes mulch, darkens 
the soil surface, increases the soil 
temperature, and causes rapid top 
growth of grasses early in the year 
(Owensby and Smith, 1972). 
Apparently, when a plant grows 
rapidly its needs exceed available soil 
nitrogen supply; hence it uses reserve 
N, which lowers stored reserves. 

Stored nitrogen was similar (X.05) 
in 1972 and 1973, under O-lb and 

.50-I 
/ 

1 
May 15 Jun 1 Jun. 15 Jul: 1 Jul. 15 Aug. 1 Aug. 15 Sept. 1 Sept. 1 15 Oct. 1 Oct. 15 Nov. 1 

Fig. 6. Effect of nitrogen fertilization on storage organ N for different years (May 15 to 
Nov. I, I972 and 19 73). Averaged over all treatments. Nitrogen levels with a common 
letter are not significantly different (X.05). 
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40-lb applied nitrogen, respectively. At 
the 80-lb rate, N was higher in 1973. 
Apparently, nitrogen accumulates in 
storage organs when excess nitrogen is 
available (Fig. 6). 

Conclusions 

TNC and nitrogen decreased as 
growth exceeded available 
photosynthetic products and soil 
nutrients. That information may be 
used in determining proper stocking 
periods. Owensby (unpublished) and 
Trlica and Cook (1971) state that if a 
plant is defoliated early in the growing 
season, its food reserves at the close of 
the growing season are not reduced 
nearly so much as they would be if 
clipping or grazing had occurred late in 
the season. 

Increasing grazing rate when 
nitrogen fertilization was increased 
had little effect on either TNC or 
nitrogen reserves in big bluestem at 
senescence. Apparently a rancher 
could increase cattle numbers on a 
pasture by applying nitrogen fertilizer 
provided he could control shifts in 
plant species composition. 

Total nonstructural carbohydrate 
reserves were highest, and nitrogen 
reserves were lowest, under burned 
conditions when there was no nitrogen 
fertilization during growth and storage 
periods. Big bluestem TNC benefited 
most with burning, regardless of 
nitrogen fertilization rate. During the 
dormant period, TNC was lowest in 
unburned, heavily fertilized pastures, 
but did not approach the critically low 
levels of early spring. Applying 
nitrogen in the spring and not burning 
may lower plant vigor the following 
year, resulting in lowered big bluestem 
competitive ability. 

Trends in reserve N were linear with 
increased rate of nitrogen fertilization. 
Nitrogen added at the 40-lb rate 
apparently was used to increase forage 
production, but the 80-lb N rate 
apparently exceeded the plants’ needs, 
because over time the nitrogen 
accumulated. 

A combination of burning and 
adding 0, 40, or 80 lb N/acre did not 
lower constituent reserves below those 
of unburned, nonfertilized pastures. 
Plant vigor may be increased in the 
True Prairie by burning. Nitrogen 
fertilization plus burning, over a 2-year 
period, did not adversely affect big 
bluestem TNC and nitrogen reserves. 
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Variability of M iserotoxin Concentration 

in Timber Milkvetch 

W. MAJAK AND A. MCLEAN 

Highlight: The variability in miserotoxin concentration of 120 individual 
timber milkvetch plants was determined in the bud, flower, and pod stages of 
growth on rough fescue grassland, parkland, and Douglasfir zone locations. 
Although a broad dispersion in miserotoxin levels was evident within each 
sampling unit of ten plants, the grassland samples exhibited the greatest toxicity 
with an exceptional level (10.17 + 1.13%) occurring during the bud stage. The 
bud stage of the parkland samples yielded intermediate concentrations (5.22 * 
1.18%) while forest plants contained lower miserotoxin levels (4.08 + 0.95% to 
2.49 + 0.47%). A decline in miserotoxin levels occurred during the bud-to-pod 
interval at the grassland and parkland sites, but significant differences were not 
apparent between the progressive stages of growth at the forest locations. The 
timber milkvetch toxicity patterns based on the variability of individual plants 
confirmed previously described trends derived from composite sampling. 

Forests, which comprise approxi- 
mately 86% of the rangeland in British 
Columbia, serve both as cattle range 

The authors are plant biochemist and 
ecologist, Research Station, Agriculture 
Canada, Kamloops, British Columbia. 

The report is Contribution No. 247. 
Grateful acknowledgement is made by 

the authors to Mrs. B. Brooke and Miss A. 
Wilkinson for their excellent technical assis- 
tance. 

Manuscript received November 9, 1974. 

and wildlife domain and, with the 
exception of restricted areas on the 
grassland fringes, ecology and econom- 
ics dictate against a general chemical 
control of timber milkvetch (Astrag- 
ah miser var. serotinus). It would be 
feasible, however, to control localized, 
lethal areas through cultivation and 
seeding to grass and/or with appli- 
cations of either 2,4-D, silvex or 
2,4,5-T, which were shown to effec- 

tively reduce the miserotoxin (3-nitro 
- 1 -propyl-fl-D-glucopyranoside) 
(Stermitz et al., 1972) concentration 
of timber milkvetch in field ex- 
periments (Parker and Williams, 1974; 
Williams, 1970). Alternatively, reliable 
predictability criteria of timber milk- 
vetch toxicity under various rangeland 
conditions and subsequent controlled 
cattle movement could serve as a 
means of preventing livestock losses. 

Previously we described a survey of 
the fluctuations in miserotoxin con- 
centration of timber milkvetch at rep- 
resentative rangeland sites throughout 
British Columbia (Majak et al., 1974). 
The data were derived from composite 
timber milkvetch samples and showed 
general trends in toxicity levels that 
could contribute towards range man- 
agement planning. A comparison of 
seasonal, peak miserotoxin concen- 
trations indicated that cattle poisoning 
resulting from timber milkvetch in- 
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