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INTRODUCTION

Major emphasis in range management 1s toward increased live-
stock carrying capacity through increased forage production, Nitrogen
fertilization appears to be the key to the greatest increase in produec=-
tion of native tallgrass range, particularly where proper land manage-
ment techniques are already being employed,

Application of any management practice is centered on mainten=-
ance of plant vigor and production, Food reserve quantity and quality
are integral factors in plant growth and survival (MeKendrick, 1971).
Carbohydrate and nitrogen reserve levels depend largely on soil nutri-
ent levels, amount of photosynthetic material available for production,
and size or quantity of storage organs, Any process which produces or
utilizes energy may affect the amount of food reserve in plants,

In the Kansas Flint Hills, nitrogen, not moisture, was found
critically limiting in bluestem range production (Owensby et al., 1970).
However, composition shifts from warm-season perennials to cool-season
grasses and weeds occurred with fertilization (Mader, 1956; Silker and
Wood, 1960; Owensby et al,, 1970), Burning, as a management tool,
increased forage quality, and reduced population of cool-season grasses,
sedges and rushes, and perennial forbs in the True Prairie (Owensby and
Smith, 1972).

The effects of nitrogen fertilization, burning, and grazing on

nitrogen and carbohydrate reserves of big bluestem (Andropogon gerardi

Vitman) were studied,



Materials and Methods

Burning, grazing, and nitrogen fertilization were applied to
six randomly selected pastures (44-60 acres each) in a native tallgrass
prairie at Manhattan, Kansas, in spring, 19?2 (Table 1), Previous pas-
ture treatment effects were minimized by late spring burning, stocking
with steers (5 acres/AU), 1968-1970, Burned - unburned treatments
began in 1971, with stocking rate remaining at 5 acres/AU, Grazing was
by yearling steers (initial wt, 400-500 1bs,), May 1-October 1,

Table 1, Study treatments applied

Stocking rate
N-rate  _(acres/AU)
Burning (1b N/A) 1972 1973
Burned April 2527 0 5 5
4o 3.3 3.3
80 2,17 2,79
Unburned 0 5 5
40 3.3 3.3
80 2,17  2.79

Nitrogen was applied aerially in early May as prilled urea in 1972 and
as prilled armonium nitrate in 1973. Stocking rates were adjusted to
obtain similar percent removal in each pasture, Stocking rates on
pastures with 80 1b N/A were lowered in 1973, since estimated forage
production was lower than actual in 1972,

Within each of the sgix pastures, three loamy upland range sites
(Anderson and Fly, 1955) with similar grazing use, were selected as

plant collection sites, A minimum of 20 big bluestem plants were
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collected along and within one yard either side of a 100-yard line at
two-week intervals from May i5-November 1 and at one-month intervals
from December 1-April 15 (May 15, 1972-November 1, 1973) at each site,
Plants were dug to a depth to insure collection of attached rhizomes,
Percent plants grazed was recorded for each sample, Samples were not
collected on May 1 in 1972 or 1973 since burning removed identifiable
top growth, Soll, roots, and dead organic material were removed from
samples by cold-water washing and hand clipping., Elongated culms werse
removed two in, above the uppermost basal node, Cleaned samples were
oven-dried for five days at 70° C, ground in a Wiley mill (40-mesh
sereen), and stored in sealed glass bottles in the dark, Total non-
structural carbohydrates (INC) were determined by enzyme extraction
with "Clarase 900" (takadiastase) and copperiodometric titration (Smith,
1969). Kjeldahl nitrogen was determined for each sample,

Least=-squares analysis of variance for unequal sub-classes was
used to test grazing effects on samples from all collection dates (Kemp,
1972), Subsequent analyses of variance, with grazing as a covariate
when significant, were used to test effects of burning and nitrogen
fertilization on collections over two years (growth and storage period:
May 15-November 1) and on collections in one year (dormant period:
December 1-hpril 15). Means were separated by LSD multiple range tests
when significant (P < .05) F-values were found. Both linear and quadratie
effects among fertilizer treatments were compared orthogonally (Cochran
and Cox, 1968),



Results and Discussion

Big Bluestem Total Non Structural Carbohydrate (TNC) Reserves

Grazing (£ plants grazed) decreased TNC levels during the grow-
ing season (P~<,01), May 15-November 1, but not in the dormant period
(P< ,67), December 1-April 15, Any situation that interferes with nor-
mal growth of the photosynthetic tissue of range plants will restrict
development of the roots, normal reserve storsge, and may curtail sub-
sequent growth (Cook, 1966), Detrimental effects of partial defolia-
tion inerease when frequency or degree of defoliation is inereased
(Jameson, 1964),

4% TNC was lowest in May, reached a summer maximum by July 15,
declined in mid-August, and reached a yearly high by October 15. % TNC
was higher in burned pastures than in unburned pastures throughout the
growth and storage period (Figure 1), INC dropped in Jamuary but rose
to stable levels a month later where they remained until initiation of
spring growth (Figure 2), That cycle was similar to those reported by
Owensby et al, (1970) and McKendrick (1971) for big bluestem, Food
raserves are utilized in early growth until the photosynthetic products
exceed growth demands and are then stored, TNC level declines in
August have been attributed to sexual reproduction, Owensby (unpub,)
found only a small fraction of big bluestem plants in tallgrass prairie
(<1%) actually initiate seed heads, Root production on new rhizomes of
big bluestem in mid-August (McKendrick, 1971) probably caused the
decline in reserves at that time, Sampson and McCarty (1930) and

Weinmann (1948) report underground development to be most active in






Figure 1, Effeect of burning on rhizome, crown, live stem base %
TNC at different dates (May 15-Nov, 1, 1972-73)
averaged over all treatments, 1/Points with common
letter are not significantly different (P <,05),
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Figure 2, Effect rhizome, crown, live stem base ¥ TNC at different
dates (Dec, 1, 1972-April 15, 1973) averaged over all
treatments. i/ Points with common letter are not signifie
cantly different (P< ,05),
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the season when herbage growth is at a minimum, Other workers have
shown, but have not explained, a drop in mid=rinter TNC levels (Sampson
and MeCarty, 1930; Archbald, 1940; Sonneveld, 1962), Research here was
not conelusive; storage compounds may be transfered from cne form to
another during periods of temperature or moisture stress,

Burning and nitrogen fertilization significantly affected TNC
levels during the growing season and dormant period (P<,01)., ¢ TNC
was highest in burned pastures with no nitrogen and lowsst in unburned
pastures with 80 1b N/A, Effects wers mostly quadratic: TNC levels
were higher with 0 and 80 1b N/A than 40 1b N/A in burned pasturss but
lower with 0 and 80 1b N/A than with 40 1b N/A rate in unburned pas=
tures (Fig. 3 and 4), Ehrenreich (1959) theorized that following burn-
ing less mulch and earlier growth would stimmlate greater carbohydrate
reserves, Pettit and Fagan (1973) showed reduced carbohydrate ressrves
during the growing season, but nearly equivalent levels at the point
of maximum storage with nitrogen fertilization (Fig, 4). The decline
in 4 TNC with fertilization and burning was probably due to increased

growth with fertilization,

Big Bluestem Nitrogen (N) reserves:

Grazing (% plants grazed) did not affect N reserve levels in
big bluestem, Nitrogen reserves may not be as readily used in regrowth
as are carbohydrate reserves,

As sampling date changes, the effect of nitrogen fertilization
rate on reserve nitrogen levels changes in the growth and storage
period (P<,01), but not in the dormant period (P <,15). Reserve

levels under O 1b, and 40 1b, nitrogen fertilization rates declined
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Figure 3, Effect of nitrogen fertilization and burning on rhizome,
crown, live stem base % TNC (Hay 15=Nov, 1, 1972-73)
averaged over all treatments, ../ Points with common
letter are not significantly different (P < ,05),
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Figure 4, Effect of nitrogen fertilization and burning on rhizome,
erown, live stem base % TNC (Dec, 1, 1972-Nov, 1, 1973)
averaged over all treatments, ,1_/ Points with common
letter are not significantly different (P<,05).
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when growth requirements exceeded available nitrogen, remained at
lowsr levels during mid-season, and incresased in storage organs when
plant requirements no longer exceeded available supply (Fig, 5).
Nitrogen reserves were not lowered in mid-August, as were TNC reserves,
probably due to sufficient uptake of soil nitrogen by new roots,
- McKendrick (1971), in earlier work on big bluestem, indicated not only
an increass in reserve nitrogen at maturity, but declines in % N with
spring growth injtiation, Changes in annual N reserve cycling were
less noticeable under the 80-1b, N rate indicating high nitrogen uptake
throughout the season, with nitrogen reserves not needed to support
growth, Nitrogen reserve levels were lowest under 0 1b applied N,
higher at the 40-1b rate, and highest at the 80-1b rate, Reserve lev=~
els were equal under 0-1b and 40-1b rates at seasons end (Fig, 3).
Weinmann (1948) and Power (1972) show positive correlations of inereased
nitrogen reserve levels with nitrogen fertilization, A positive corre=-
lation appeared to exist when available N exceeded plant requirements,

Burning and nitrogen fertilization significantly affected
reserve nitrogen levels (P <,01) during the growing season, Big blue-
stem storage organ % N was highest in unburned pastures at the 0 and
40-1b nitrogen rate (P<.05) throughout the year (Fig., 6 and 7). Effects
of nitrogen fertilization on burned and unburned pastures were linear:
% N increased as fertilizer rate increased, Stored nitrogen did not
differ (P <,05) under the 0-1b and 40-1b retes within burning treatments
(Fig. 7) during the dormant period,

Burning removes mulch and darkens the soil surface, increasing

soil temperature, resulting in rapid top growth early in the year






Figure 5, Effect of nitrogen fertilization on rhizomse, ecrown,
stem base ¥ N at different dates (May 15-Nov, 1,
1972-73) averaged over all treatments, 1/Points with
common letter are not significantly different (P< ,05),
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Figure 6, Effect of nitrogen fertilization and burning on rhizome,
crown, live stem base % N (May 15-Nov, 1, 1972-73) aver=-
aged over all treatments. 1/Points with common letter
are not significantly different (P<,05).
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Figure 7., Effect of nitrogen fertilization and burning on rhizome,
crown, live stem base % N (Dec, 1, 1972-April 15, 1973)
averaged over all treatments, 1/Points with common
letter are not significantly different (P <,05),
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(Owensby and Smith, 1972). Rapid growth Eauses plant needs to exceed
the available soil nitrogen supply and reserve N to be utilized, lower-
ing storage levels,
Storage organ nitrogen levels were similar (P<.,05) in 1972
and 1973 under 0-1b and 40-<1b applied nitrqgen, respectively, % N was
higher in 1973 at the 80-1b rate, Apparently, an accumulation of nitro=-

gen occurs in storage organs when excess nitrogen is available (Fig, 8),

Coneclusicns

TNC and nitrogen levels decreased as growth exceeded available
photosynthetle products and soil nutrients, That information may be
utilized in determining proper stocking periods, Owensby (unpub,) and
Trlica and Cook (1971) state that if defoliation occurs early in the
growing sesason reduction in food reserves at the close of the growing
season are not affected nearly so much‘us if clipping or grazing occur-
red late in the season,

Higher grazing rate as level of nitrogen fertilization increased
had 1ittle effect on either TNC or nitrogen reserve lsvels in big blue-
stem at senescence, Apparently the rancher could inerease cattle num-
bers with nitrogen fertilization if species composition shifts can be
controlled,

Total non-structural carbohydrate reserves were highest, and
nitrogen reserves were lowest, under burned conditions with no nitrogen
fertilization. Big bluestem TNC levels benefited most with burning,
regardless of nitrogen fertilization level, TNC levels during the dor-

mant period were lowest in unburned pastures with heavy fertilization,
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Figure 8, Effect of nitrogen fertilization on rhizome, crown, live
stem base ¥ N for different years (May 15-Nov, 1, 1972
73) averaged over all treatments, 1/Points with common
letter are not significantly different (P <,05),
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but did not approach the critically low levels of early spring, Con-
tinued nitrogen application and lack of burning may lower plant vigor
the following year, resulting in lowered big blu&stem competitive ebil-
ity.

Reserve % nitrogen increased linearly as level of nitrogen fer=-
tilization increased. Added nitrogen at the 40-1b rate apparently was
utilized for increased forage production, but the 80-1b N rate apparently
exceeded plant's needs, since accurulation took place over time,

A combination of burning with 0, 40, and 80 1b N/acre did not
lower reserve constituent levels below that of unburned, non-fertilized
pastures, Plant vigor may be increased in the True Prairie by burning,
Nitrogen fertilization with burning, over a two year period, was not

detrimental to big bluestem TNC and nitrogen reserve levels,
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Reserve substances are typlcally defined as organic substances
produced in one part of the plant and moved to another for storage.
Carbohydrate reserves are in a dynamic energy balance system, interre-
lated to rates of growth and photosynthesis, Soluble carbohydrates
form only part of the ressrve material needed for herbage regrowth,

The proteinacecus compounds may play at least as important a role
(Dilz, 1966)., Reserve substances are of vital importance in maintain-
ing a stable range resource,

Research correlating various management practices to levels of
reserve constituents is lacking, Lowered reserves at critical points
in the plants phenology will result in decreased production. A review
of literature follows, with particular emphasis given to burning, nitro=
gen fertilization, and grazing effects on reserve constituents of warm-
season perennial grasses, More complete reviews are given by Cook

(1966), McIlroy (1967), and White (1973).

Reserve Constituents

0f most importance are the nonstructural carbohydrates stored
in vegetative organs of perennial grasses, Weinmann (1947) termed these
reserves as "total available carbohydrates", defined as including all
those carbohydrates which can be used in the plant body as a source of
energy or as building material, either directly or indirectly after
having been brokgn down by enzymes, Smith (1969) offers the term Mtotal
nonstructural carbohydrates" as more clearly definable to both plant and

animal investigators,



A=2

Carbohydrates are defined as polyhydroxy aldehydes or ketones,
or as substances that yield one of these compounds on hydrolysis (Conn
and Stump, 1972). There are three main groups of carbohydrates: mono-
saccharides, oligosaccharides, and polysaccharides, Sucrose functions
as a temporary reserve (chiefly in leaves), as a carbohydrate translo-
cation form, and as a polysaccharide precursor (Peat, 1946; Porter,
1962), Starch represents a more permanent storage product form, parti-
cularly in the warm-season peremnial grasses (McKendrick, 1971; White,
1973). Starch granules consist of amylase and amylopectin, present in
varying amounts, Structural carbohydrates - hemicellulose (pentosans
and hexosans) and cellulose - are not generally considered to be a part
of the dynamiec system, but do contribute irreversibly to the structurs
of cells (Weaver, 1946; Porter, 1962; Cook, 1966; Gibbs, 1966; White,
1973).

Reports conflict regarding nitrogenous compounds as reserve cone-
stituents, Dina and Klikoff (1973), in work with big sagebrush, note
accumlation of both sugar and nitrogen in water stressed plants,
thereby adapting to adverse conditions for survival, Stoddart and Smith
(1955), MacLeod (1965), Davidson and Milthorpe (1965), McKendrick (1971),
and Powsr (1972) note the use of both ecarbohydrate and nitrogen reserves
for root and forage production, With severe defoliation, declines in
solubls carbohydrate are insuffiecient to account for regrowth and respir-
ation losses, Other sources such as proteinaceous substances must be
involved (McIlroy, 1967). Weinmann (1948) states that nitrogen and
other mineral nutrients can't be considered as reserves in the true

sanse, meraly nulrients which enter organic combinations in the plant
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body, becoming constituents of reserve materials, White (1973) sum-
mizes that nitrogenous compounds are used in respiration, but are not
alternately stored and utilized as carbohydrate feservas are,

In summary, reserve constituents in warm-season perennial
grasses are comprised primarily of starch granules, Nitrogenous com-
pounds apparently are of lesser importance than carbohydrate reserves
in regrowth and survival, Structural compounds - hemicellulose and

cellulose = are not utilized in significant quantities as food reserves,

Storage Organs

Common storage organs include roots, tubers, rhizomes, stolons,
crowns, and stem bases of herbaceous species and twigs of woody species
(Graber, 1927; Weinmann, 1948; Cook, 1966; Smith and Morton, 1970; Whits,
1973), Storage may occur temporarily in all portionms of the plant
(Bonner and Galston, 1952), McKendrick (1973) states that carbohydrates
retained in aerial portions of big bluestem and indiangrass shoots were
believed important for survival, MecIvanie (1942) reported storage in
lower internodes in amounts nearly equal to root reserves,

Roots play a lesser role in storage of carbohydrate fractions
than other specialized storage organs, Marshall and Sagar (1965) found
that nonstructural carbohydrates were not translocsted from roots to
shoots following herbage removal. Smith and Morton (1970) report that
carbohydrate initlally stored in roots play an active role in regrowth
of shoots, being utilized for structural components retained in the

available state and serving as readily available respiratory substances,
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Though lacking supportive research, nitrogenous reserves are
likely accumlated in the same regions as the carbohydrates,
In summary, both carbohydrate and nitrogen reserves of grasses
are stored primarily in the lower portions of grasses--stem bases,
crowns, rhizomes, and possibly roots, These reserves are utilized in

the respiration and regrowth of plants,

Reserve Fluctuation

General: Annual fluctuations of total nonstructural carbohy-
drate and nitrogen levels in storage organs are documented, Cook (1966)
defines reserve substances as organic compounds elaborated in photosyn-
thetic tissue and stored for later use in other plant parts., Any pro=-
cess which produces or utilizes energy may affect amounts of reserve
constituents in plants,

Reserves are elaborated by aerial parts in excess of current
requirements, transferred to roots and rhizomes to be stored, and util-
ized during new production (Weinmann, 1948). Aldous (1930), McCarty
(1935), Weinmann (194Q), Weinmarm (1942), Rappe (1947), Stoddart (1955),
Kinsinger and Hopkins (1961), McKendriek (1971), and Pettit and Fagan
(1973) report declines in reserve carbohydrate levels with the initia-
tion of growth., They agree on two other phenoclogic point fluctuations:
declines when seed set occurs and a rise iﬁ carbohydrate levels with
approaching maturity, Stoddart (1955) states roughly 75% of the food
reserves are used in spring to develop 10% of herbage growth, with sub-
sequent growth dependent on current food produced, Dodd and Hopkins

(1958) conclude that increases in total nonstructural carbohydrates in
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the underground parts vary inversely with rates of growth, Signifi-
cant increases in follage starch concentration correspond to periods
of maximum tuber growth and maxiqum foliage photosynthetic area; con-
centrations of root and culm base starch follow similar trends (Smith
and Lienweber, 1973),

Fewer data are available on fluctuation in reserve nitrogen con-
stituents, Remy (1923), Richardson et al, (1932), and Weinmann (1940,
1942) report increased N %#'s in storage organs at maturity, Arny (1941)
and McKendrick (1971) indicate increases in reserve nitrogen at maturity
and N % declines that exceed the % TNC decline with spring growth ini-
tiation,

McKendrick (1971) found the decline in reserve food levels dur-
ing seed set coincides with the phenclogic point of root production on
new rhizomes, He notes increases in root production at seed set may be
a major factor in reserve declines during this period, Sampson and
McCarty (1930), in work on Stipa pulchra, found active root growth
occurred when herbage growth had practically ceased, Weinmann (1948)
reports underground development is most active in the season when herb-
age growth is at e minisum,

Carbohydrates are for plant respiration and slight growth in
winter (Cook, 1966). Food is used in essential life processes during
winter as soluble sugars and serves to protect living protoplasm from
low temperatures (Norris, 1963), Concentrations of sugar in basal
organs are assoclated with resistance to low temperature, essential to
winter survival of plants (McCarty, 1938), Storage products, including

carbohydrates and proteins, are associated with plant ability to survive
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adverse conditions {Jameson, 1964), Starch granule size may be related
to warm-season grass winter hardiness (McKendrick and Anderson, 1971).

Sampson and McCarty (1930), Archbald (1940), and Sonneveld
(1962) report a rapid drop and subsequent rise in reserve constituent
level in mid-winter., No explanation attempt is made.

In sunmary, reserve constituent levels of warm-season perennials
decline rapidly with growth initiation, increase when photosynthetic
production exceed growth demand, decline with reot growth on new rhi-
zomes, and reach maximum levels prior to dormancy, TNC levels may drop
in mid-winter, but is not explained, Concentrations of reserve materials
ara related to cold hardiness and winter survival,

Burning: Nature and Man have used burning in grassland manage-
ment for hundreds of years, Burning is both accepted and condemned by
managers, Burning 1s generally accepted in the tallgrass prairie,

Burning effectiveness is dependent upon time of spring growth
initiation and food reserves movement (Aldous, 1934),

Decreases in root system biomass result from thinning stands
and lessening foliage area initiated by litter accumulation in absencs
of burning in tallgrass prairie (Kucera and Dahlman, 1967)., These
researchers recommend a three-year interval between fires as the maxi-
mum period in effectively maintaining vigorous big bluestem stands,
Plots subjected to annual fire have more roots and rhizomes than those
burned with less frequency (Hadley and Kieckhefer, 1963; Kucera and
Dahlman, 1968), 7

Reports show decreases in yield of tall grasses with use of

fire, even when properly timed (Aldous, 1934), However, Hensel (1923)
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notes that increases in yield on unburned plots are probably due to
previous year's growth, Increases in herbage yleld with burning ars
indicated by several authors (Anderson, 1954; Ehrenreich and Aikman,
1963; Gay and Dwyer, 1965).

Burned range may initiate growth two-three weeks earlier than
unburned range, depending on date of burning, but matures earlier
(Ehrenreich and Aikman, 1963). Greater amounts of vegetative growth of
sarlier growing plants may allow the plant to produce mors carbohydrates,
Ehrenreich (1959) theorizes that less muleh and earlier growth produced
greater carbohydrate reserves, Iwanami and Sato (1970), in work on

Miscanthus sinensis in Japan, found burning resulted in the rapid deple-

tion of stored carbohydrates in rhizomes due to regrowth; recovery was
slowsr than in unburned plants, especially after late burning, Carbo-
hydrate content of both culms and rhizomes reach the same level as
unburned plants by season's end (Iwanami and Sato, 1970), ‘

Anderson (1954) suggests reductions in carbohydrate reserves
could follow intensive grazing encouraged by burning; burned plots did
not recover to store as much carbohydrate by seasons end when clipped
as unburned plots, Pressures of moderate grazing reduce vegetative den-
sity the least with late spring burning on native Plint Hills rangeland
(Herbel, 1954),

Burning is an effective tool in controlling cool season grasses,
weeds, and some brushy species in the tallgrass prairie (Owensby and
Smith, 1972).

In summary, burning is an effective tool for managers in the

Flint Hills area of Kansas, Burning inecreases root-rhizome biomass,
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providing increased food storage organ quantity, Carbohydrate levels
of unburned and burned areas equalize by season's end. Carbohydrate
reserves may be lowered by increased grazing pressure in burned areas,
This could be controlled by separating burned and non-burned areas,
using proper burning time, and adjusting stocking rates,

N Fertilizer: Nitrogen, not moisture, is the most critically

limiting factor in bluestem range production (Owensby, et al,, 1970).
Under nitrogen fertilization composition shifts from warm season peren-
nials to cool season grasses and weeds have been reported (Mader, 1956;
Silker and Wood, 1960; Owensby et al,, 1970). Burning and fertiliza=-
tion together may greatly increase forage production and contrel inva=-
sion of cool season grasses and weeds,

Fertilizer treatments gensrally stiﬁulate top growth more than
root growth (Weinmann, 1948), He reports N abundance may, especially
under conditions of severe defoliation, produce an actual reduction in
root weight,

By édding nitrogen, mobilization of stored carbohydrate reserves
takes place, leading to significant decreases in percentage of reserve
substances in plants (Benedict and Brown, 1944; Sprague and Sullivan,
1950), Under protection, such decreases are of short duration; leaf area
increases, hence total photosynthetic activity through addition of nutri-
ents may result in increased accurmlation of ecarbohydrate reserves and
higher weights (Weinmann, 1952), Fertilizer treatments and carbohydrate
reserve relationships are clearly governed by the law of limiting fae-
tors: where carbohydrate accumulation is impaired by accessive defolia-
tion, the beneficial effect of fertilizer on root and herbage growth is

greatly reduced (Weinmann, 1952).
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Effect of fertilizer on carbohydrate reserves of grasses vary,
Benedict and Brown (1944), Humpheys and Robinson (1966), Schirman and
Buchholtz (1966), Pettit and Fagan (1973), and Stroshlien (1973) report
lowered carbohydrate reserves, particularly during perieds of initial
growth, when nitrogen fertilizer is applied, Norman (1939), Griffith
ot al, (1964), Bryant (1965), Griffith and Tesl (1965), MacLeod (1965),
Bryant (1966), Colby et al, (1966), Waite (1966), and Hojjati et al,
(1968) found simllar results in cool season grasses and other perennial
forage plants with varying applications of nitrogen. Most authors
assume that higher total available carbohydrate percentages under low
nitrogen application rates are due to non-utilizatioen in plant growth
and decreazes in protein synthesis.

Nitrogen fertilization stimlates utilization of soluble carbo-
hydrate in temperate region grasses, but has little effect on the
reserve carbohydrate content of tropical grasses (MeIlroy, 1967).
Balaska and Smith (1971) report total nonstructural carbohydrate percen-
tages of the herbage, stubble, and rhizomes of switchgrass at anthesis
were not affected by temperature or nitrogen fertilization.

Leukel et #1. (1934), Adegbola (1966), and Bormer (1966) agree
that nitrogen fertilization at low to moderate levels stimulates leaf
area expansion and chlorophyll development, enhancing photosynthetie
capability and increasing amounts of carboﬁydrata produced,

Positive correlation exist between increasing nitrogen reserve
levels in grass roots and nitrogen fertilization (Remy, 1923; Weinmann,
1948; and Power, 1972),
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In summary, even single fertilization salts have many effects
on plant and soil; it is difficult to predict response to added nutri-
ents (May, 1960), Lowsr levels of carbohydrate reserves and a higher
level of nitrogen in storage organs with nitrogen fertilization ocecur,
It appears difficult to obtain combinations of higher yields with high
carbohydrate reserves, Accumulations of carbohydrates may indicate
yield potentials are not realized (Blaser et al,, 1966), Applications
of nitrogen are of little use in subsequent growth unless plants have
available supplies of carbohydrates or are capable of manufacturing
them (Harrison, 193%t).

Grazing & Clippine: Crider (1955) reports root growth stoppage

for a period of time when half or more of the foliage of grasses is
removed simultaneously during the growing season, Tiller formation also
stops immediately following cutting (Alberda, 1957), Recovery time in
both cases depends on severity of foliage removal and number of defol-
iations, Both authors agree that growth is reinitiated at the expense
of carbohydrate reserves, when thay remain availabhle,

Loss of root blomass can be a serious matter in grassland main-
tenance, Weaver (1950) surmises that root amounts present are a direct
measure of plant vigor; they are important in water and nutrient absorp-
tion and for continual survival, Storage organs quantity and quality
reductions occur with frequent defoliation (Owensby, unpub,), Sampson
and McCarty (1930), Owensby (unpub,), Drawe et al, (1972), and Trlica
and Cook (1972) argue that if defoliation ccecurs early in the growing
season reductions in food reserves at the close of the growing season
are not affected nearly so much as if clipping occurred late in the sea-

son, Underground development is most active in the growing season when
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herbage growth is at a minimum (Weinmann, 1948), Depletion of reserves
caused by excessive defoliation result in reduced vigor and herbage
growth, death, and botanical composition changes.

Detrimental effects of partial defoliation increase when fre-
quency or degree of defoliation increase, Total protein yield of herb-
age is greater in plots harvested more than once; seed yield, root
weight, root growth, amount of nutrients taken up, reserve constituents
are all reduced by increased clipping and grazing, (Biswell and Weaver,
1933; Bukey and Weaver, 1933; Albertson et al,, 1953; Jameson and Huss,
1959; Barnes, 1961; Kinsinger and Hopkins, 1961; Jameson, 1964; MeKell
et al,, 1966; Bartholomew and Booysen, 1969; McDonough, 1969; Reynolds,
1971; and Owensby et al,, 1974).

Though grazing and clipping effects parallel each other, they
are not exactly the same (Owensby, unpub.; McKendriek, 1971). Grazing
intensely may be less detrimental than clipping, provided grazing leaves
ungraged tillers while removing others, allowing for transfer of carbo-
hydrates (White, 1973), Data from a few years of overstocking may lead
to false conclusions about stocking rates, Any good range will produce
more animal gain for a time, perhaps a number of years, if overgrazed,
but will break down eventually, because food reserves and plant vigor
are depleted (Owensby, unpub,),

Accumulated food reserves under moderate versus heavy grazing
are tied to drought and heat resistance, as well as over-winter survival,
Julander (1945) states that heat resistance is a measure of drought
resistance and a large accurulation of colloidal carbohydrates is asso-

ciated with drought resistance,
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Decreased reserve levels under intensive grazing may be one
factor in plant composition shift, Carbohydrate reserves in the heavily
grazed plants are gradually reduced while less palatable spscies have
optimm reserves,

Any situation that interferes with normal growth of the photo-
synthetic tissue of range plants will restrict development of the roots,
normal reserve storage, and curtail subsequent growth (Hansen and
Stoddart, 1940; Cook, 1966; Dodd and Hopkins, 1968; and Welch, 1968,

Effects of herbage removal may be compounded by addition of nitro-
gen fertilizer, Bomner (1966), testing carbohydrate reserves five days
after cutting, reported reductions in carbohydrate level irmediately
after clipping were more pronounced with nitrogen application,

In summary, root growth, rhizome growth, and feod reserve accn-
mulation appear adversely affected by increased herbage removal, Clip-
ping may be more detrimental than grazing, plant vigor decreases with
increased frequency of both, Nitrogen fertilization compounds effects
on removal of food reserve levels, When sufficient photosynthetie
material is unavailable to supply needed food for regrowth, regrowth

will be at the expense of reserves,
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Table A-11, Effect of nitrogen fertilization and burning on rhizome,
crown, live stem base # N (Sept. 1-Nov, 1, 1972-73)
averaged over all treatments

N Fertilizer Levels (lbs, actual N/acre)

0 Log Bo#
Late spring burned 722 al/ 773 a 1,088 cd
Unburned .866 b 948 ¢ 1,019 d

i/ Points with common letter are not significantly different (P< ,05).
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Figure A-1, Rhizome, crown, live stem base % TNC at different dates

(Sept, 1-Nov, 1, 1972-73), averaged over all treatments,

1/Points with common lstter are not significantly dif-
ferent (P<.05),
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Figure A-2, Rhizome, crown, live stem base ¥ N at different dates
(Sept, 1-Nov, 1, 1972-73) averaged over all treatments,
1/Points with common letter are not significantly dif-
farent (P< ,05).
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ABSTRACT

Effects of nitrogen fertilization, burning, and grazing on

nitrogen and carbohydrate reserves of big bluestem (Andropogon zerardi

Vitman) were studied, Nitrogen was applied aerially to burned and
unburned pastures at 0, 40, 80 1b N/acre, Grazing was by yearling
steers, with rates adjusted to obtain similar percent herbage removal
from each pasture, Big bluestem storage organs (rhizoms, crown, live
stem base) were collected every two weeks May 15-Nov, 1, and monthly
Dec, 1-April 15, Total nonstructural earbohydrate (TNC) % and Kjeldahl
N 4 were determined for each sample,

TNC and nitrogen levels decreased as growth exceeded photosyn=-
thetic production and soil nutrient assimilation, Increased grazing
rate had little effect on either reserve TNC or nitrogen levels at
senescence as level of nitrogen fertilization increased, TNC reserves
were highest, and nitrogen reserves were lowest, with no nitrogen fer=-
tilization, Big bluestem % TNC benefited more from burning than from
the other treatments, regardless of nitrogen fertilization rate, TNC
levels during the dormant period were lowest in unburned pastures with
heavy fertilization, but did not approach the critically low levels of
early spring. Storage organ nitrogen level increased linearly as nitro-
gen fertilization rate increased.

Burning alone or combined with fertilization did not lower
reserve % TNC levels below that of unburned, unfertilized pastures dur=
ing the year, indicating vigor may be lncreased in the True Prairie by

burning,



