Production and Nutrient Status of Whitetop

ALAN L. SMITH

Highlight: Post-flowering production of whitetop (Scolochloa festucacea [Willd.]
Link.] was greater from burned and mowed sites than from undisturbed sites. Produc-
tion from grazed stands was equal to thar from undisturbed sites. Whitetop growth
was initiated earlier on burned sites resulting in an earlier flowering time. Phenological
differences in N content of the plant could be detected relative to water depth in the
pothole. Nitrogen content decreased through flowering then increased. Potassium
content decreased through the growing season. No concentration patterns were noted
for other basic cations in the plani tissue relative to growth stage, site condition, or
land-use practice. No relationship was ascertained between nutrient status of whitetop
and land-use practice of the supporting site.

Whitetop (Scolochloa festucacea
[Willd.] Link.) is an emergent hydro-
phytic grass (Fig. 1) of wetland com-
munities in glaciated regions of the
Central Lowlands and Great Plains physi-

both protein and Ca content decrease
considerably after flowering (Clarke and
Tisdale, 1945).

Estimates of whitetop productivity or
nutrient status are not well documented.

ographic provinces of northcentral United
States and southcentral Canada (Martin
and Uhler, 1939; Stewart and Kantrud,
1969). Wetland habitats of this area are
mostly small, ephmeral to permanently

The objectives of this study were to (a)
estimate production and nutrient status
of whitetop herbage in stands which were
undisturbed, burned, mowed, or grazed,
and (b) evaluate seasonal changes in N,

inundated, ponds commonly called pot-
holes (Smith et al., 1964). They are
located within a youthful glacial land-
scape of poor drainage. These potholes
were formed by iceblock basins and
irregularly deposited till of Pleistocene
glaciers (Flint, 1957).

Whitetop may be hayed in late July to
early August when water levels drop in
the potholes. The species is highly palat-
able to livestock but does not tolerate
continued grazing pressure (Clarke and
Tisdale, 1945; Smeins, 1967).

Whitetop production varies with soil
types, depth, and duration of submerg-
ence and salinity (Cosby, 1964). Crude
protein content of the herbage is high
during early stages of flowering
(Zagrabaev and Zenchenko, 1970) but
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Methods and Materials

Production

Post-flowering herbage production of
whitetop was obtained during 1969 and
1970 from 26, randomly-selected stands.
Treatments evaluated were undisturbed,
burned, mowed, and grazed by livestock.
Burning treatments were applied the pre-
vious fall after senescence. Mow treat-
ments were applied in August prior to
sampling the following growing season.
Samples were collected between July 25
and August 15 both years. Plants were
clipped at ground level in four 0.25 m?2
quadrats and air-dried 1 week. Samples
were then oven-dried 72 hr at 1059 to
1109 C and weights recorded.

Oven-dry whitetop herbage weight was

Sinton, Texas, for supporting final disposition
of the dissertation.

Manuscript received February 28, 1972.

JOURNAL OF RANGE MANAGEMENT 26(2), March 1973

Fig. 1. Whitetop (A) growing in @ North Dakota pothole which is fall burned annually. The grass
commonly grows with other emergent hydrophytes such as bulrushes (B} and tall manna grass (CJ
in potholes which are inundated in early spring.



estimated in relation to water depth in a
stand near Buxton and another near
Petersburg, N. Dak. The Buxton site was
burned in the fall of 1968 and 1969.
Plots were arranged in a randomized
block design and stratified across a
water-depth gradient. Four blocks of 3.3
x 3.3 m plots were established for samp-
ling June through August, with four 0.25
m?2  subsamples clipped each sampling
date at each of four water levels. The
experiment was expanded in 1970 to
estimate production from April through
August. The Petersburg site was burned
the fall of 1968 but not in 1969. Plots
were delineated similar to those at
Buxton and were sampled from June
through August in 1969. The study was
expanded in 1970 to include monthly
sampling from May through August.

Water levels were measured in the
potholes at both sites when monthly
herbage production samples were col-
lected to determine hydrological changes.
Due to the unpredictable nature of the
hydrology of these potholes, water levels
are referred to as those measured in the
study plots at the time they were deline-
ated. Water levels at the Buxton site
included no standing water at the first
block, 8 cm at the second block, 15 cm at
the third block, and 24 cm at the fourth
block. No standing water was recorded in
the first and second tiers of plots when
the study was initiated at the Petersburg
site. Five cm of water was standing in the
third block and 8 c¢cm of water in the
fourth, Soil and water temperatures were
recorded at the time of sampling during
1970.

Chemical Analyses

Plant-Total N by micro-Kjeldahl (Jack-
son, 1958) was determined on 26 post-
flowering, production samples of white-
top. The 1970 seasonal herbage samples
from the two permanent sites also were
analyzed.

Concentrations of Ca, Mg, Na and K
ions were estimated with an atomic ab-
sorption spectrophotometer. Leaf tissue
was prepared for analysis utilizing a modi-
fication of the wet-ash method outlined
by Jackson (1958). One g of tissue was
digested with a ternary acid mixture at
350°C in a 100 ml volumetric flask. After
digestion the flask was brought to volume

Table 2. Comparison of seasonal productivity (kg/ha) of whitetop from four water levels in a pot-
hole near Buxton, North Dakota, for two seasons following fall burns.!

Water level?

Treatment

and month 1 2 3 4 Mean

Burned fall, 1968, and sampled 1969
June 5,760 a 7,200 a-d 6,920 abc 7,560 ad 6,840 2a
July 7,800 a-d 6,160 abce 9,440 de 8,680 cde 8,000 ab
August 8,320 b-e 8,360 b-e 10,160 e 8,880 cde 8,920
Mean 7,320a 7,240 a 8,840 a 8,400 a

Burned fall, 1969, and sampled 1970
April 240 a 320a 440 a 600 abc 400 a
May 1,720 abe 2,160 be 1,680 abce 2,240 be 1,960 b
June 4,200d 7,000 fgh 6,040 f 6,640 fg 5,960 ¢
July 8,480 hi 10,880 jk 10,320 jk 9,680 ij 9,840d
August 8,320 gh 11,600k 11,720k 11,200 jk 10,720 e
Mean 4,600a 5,600 ab 6,040 b 6,080 b

IMeans followed by the same letter within a time of burning or within a group of overall means are
not significantly different at the 5% level using Duncan’s multiple range test.
Water levels represent the hydrological status at the time the study site was delineated in June,
1969. Level 1 = no standing water, 2 =8 cm, 3 = 15 cm, 4 = 24 c¢cm above the soil surface.

with double distilled water.

Soil—Soil salinity by electrical conduc-
tivity (Jackson, 1958) and total car-
bonate (Bower and Wilcox, 1965) was
determined on saturation extracts. Or-
ganic carbon was determined using the
Walkley-Black method (Jackson, 1958).

The atomic absorption spectropho-
tometer was utilized for Ca, Mg, Na and
K ion determinations of soil extracts.
Extracts were prepared by a modification
of Chapman’s (1965) ammonium acetate
(NH4O0AC) extraction technique. Ten g of
soil were saturated with 50 ml of 1 N
NH40Ac and placed on a shaker for 12
hr. Samples were filtered with an excess
of solution and brought to 100 ml.

Soil texture was determined by the
hydrometer method (Bouyoucos, 1962);
available (1/3-15 atm) using matrix suc-
tion (Richards, 1965); and bulk density
by weight to volume ratio (Blake, 1965).

Results and Discussion
Herbage Production and Nutrient Status

Whitetop is utilized as forage in the
Northern Great Plains. In many areas,
water levels drop sufficiently by late July
and early August to permit haying. Herb-
age production during the study period
varied from 3,080 to 15,080 kg/ha. Burn-
ing and mowing increased yield, while

Table 1. Average oven-dry herbage production (kg/ha), nitrogen (%) and basic cations (%) by
weight in whitetop tissue collected from 26 post-flowering stands in North Dakota during the

1969 and 1970 growing seasons.

Element in tissue

Number of
Treatments stands Production N Ca Mg K Na (x1072)
No disturbance 8 7,480 1.02 12 .08 1.2 .54
Burned 10 11,580 1.05 A5 .10 1.2 .84
Mowed 5 10,090 1.19 17 11 1.1 53
Grazed 3 7,450 1.11 15 .07 1.2 .29
118

grazed stands produced herbage equal to
protected stands.

Water level had little influence on
whitetop production unless the pothole
was dry the year round. Cosby (1964)
reported high yields, 8,900 kg/ha, on soils
where ponding occurred; production
decreased 2,600 kg/ha without ponding.

Production on burned stands averaged
more than 11,500 kg/ha and 10,090
kg/ha on mowed stands (Table 1). Undis-
turbed stands produced only an average
of 7,480 kg/ha. Production was not cor-
related with stem density (Smith, 1971).
Burning and mowing resulted in more
uniform distribution of whitetop stems,
while undisturbed stands contained heavy
litter accummulation. Litter accummula-
tions often resulted in aggregations of
stems in openings in the litter. Con-
sequently, samples of high stem density
but of low production were obtained.

Whitetop herbage production from
grazed stands was equal to production
from stands with no disturbance (Table
1). No estimates of acres/animal unit
month were obtained relative to grazed
potholes. Comparison of two potholes,
one-half mile apart, indicated duration of
grazing was an important factor. One
stand was grazed continuously through-
out the growing season (personal com-
munication with local residents). A mean
density of 51 stems/m2 and a high
density of slough sedge (Carex atherodes
Spreng.) suggested that whitetop was
grazed selectively. Continuous grazing
would tend to deplete food reserves in
the rhizomes and eventually eliminate the
species from the stand. Smeins (1967)
also reported whitetop decreases under
intense, continuous grazing. The other
stand was normally grazed at a high
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intensity for 4 to 6 weeks starting in
mid-June, terminating with almost com-
plete removal of aerial shoots. This stand
was not grazed in 1970, the year it was
sampled. Density of whitetop was 580
stems/m2. This grazing system prevented
litter accumulation and plants had suffi-
cient time during the remainder of the
growing season to develop rhizomes for
the next season’s growth.

Herbage N (% oven-dry weight) ranged
from 0.5 to 1.92% with a mean of 1.08%
in late July and early August for all land
use categories. No trends were noted in
the relation of herbage N content to land
use practice. Calcium was the most con-
sistent basic cation with a range of 0.09
to 0.23% and a mean of 0.15%. Magne-
sium ranged from 0.02 to 0.32% with a
mean of 0.10%. Potassium occurred in
higher amounts than any other cation. It
ranged from 0.8 to 2.3% with a mean of
1.18%. Sodium occurred in least amounts
with a range of 0.02 to 2 x 10-2% and a
mean of 0.62 x 10-2%.

No significant correlation was derived
between edaphic factors and production.
However, negative trends were noted for
organic carbon, Mg and K ion content,
and conductivity of soil extracts. The
latter value was closer to significance than
other variables. All other variables were
positively correlated within the limits of
this study. Since these potholes are
depressions in the glacial till, they usually
represent the lowest point of the local
topography. Fluctuation of the water
table, rate of siltation, and deposition of
fertilizer from the surrounding agricul-
tural lands could influence the factors
estimated in this study.

Production and Nutritional Changes

Whitetop herbage production on the
burned site (Buxton) (Table 2) indicated
little influence of water depth on produc-
tion during 1969. A significant difference
(p<.05) was noted between the mean
June and August production. This site
was damaged by hail 3 days prior to the
August clipping date. Significant produc-
tion differences occurred among the first,
third and fourth water levels from April
through August, 1970. Significant dif-
ferences were noted among the overall
monthly mean production values in any
given year. June production was 6,840
kg/ha in 1969 but only 5,960 kg/ha in
1970. July production increased 1,200
kg/ha over June production in 1969,
while production increased about 3,000
kg/ha for the same period in 1970. These
data indicate earlier and more rapid

Table 3. Comparison of seasonal productivity (kg/ha) of whitetop from four water levels in a pot-
hole near Petersburg, North Dakota, following a fall burn and a season with no fall burn.

Water level?

Treatment

and month 1 2 3 4 Mean

Burned fall, 1968, and sampled 1969
June 5,320 a 6,800 ab 7,440 abce 5,440a 6,240 a
July 8,200 abce 7,560 abe 8,960 bc 9,080 bed 8,440 b
August 5,400a 9,880 cd 8,920 be 11,880d 9,0400
Mean 6,320 a 8,080 b 8,4400b 8,880 b

No fall burned and sampled 1970
May 440 a 240 a 40a Oa 200 a
June 3,320 be 3,320 be 1,680 ab 3,080 b 2,840 b
July 7,880 f 7,520 ¢ 8,800 f 8,720 f 8,240 ¢
August 6,040 de 8,960 £ 11,800 ¢ 5,200 cd 8,000 ¢
Mean 4440a 5,000 a 5,600 a 4,240 a

I'Means followed by the same letter within a time of burning or within a group of overall means are
not significantly different at the 5% level using Duncan’s multiple range test.
Water levels represent the hydrological status at the time the study was delineated in June, 1969.
Level 1 = no standing water, 2 = no standing water, 3 = 5 cm, 4 = 8 cm of water above the soil

surface.

growth of whitetop occurred in 1969.

Water level had little influence on
1969 production at Petersburg, N. Dak.,
following a fall burn in 1968. A seasonal
difference was noted for the first level
(Table 3). Significant increases occurred
in production among water levels for
1970. August production was greater in
1969 than in 1970 at the same site. These
data support the hypothesis that burning
tends to increase whitetop production.

May whitetop herbage production
from the unburned site was 200 kg/ha or
half the production on the burned site for
1970 (Tables 2 and 3). Lack of April
production on the unburned site in 1970
was attributed to accumulation of litter
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Fig. 2. Seasonal water level patterns for the
study period on two whitetop dominated
potholes in North Dakota.
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which reduced light penetration to the
substrate. An average of 3,140 kg/ha of
accumulated oven-dry litter was obtained
at the first level while 11,430 kg/ha was
collected at the deepest level in June
1970.

Water levels in the pothole at the onset
of whitetop culm elongation were lower
for the burned site than the unburned site
in 1970 (Fig. 2). However, the water level
increased approximately 15 cm between
April and May harvests on the burned
site. Water levels were approxmately the
same in April for 1969 and 1970 on the
unburned site. This indicates that water
levels were not entirely responsible for
the decreased production.
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Fig. 3. Seasonal changes in nitrogen content in
whitetop tissue in relation to water depth on

burned and unburned sites in North Dakota
in 1970.



Table 4. Nitrogen and basic cation content (%) by weight in whitetop tissue from the seasonal

productivity study sites near Petersburg (unburned) and Buxton (burned), North Dakota, during

1970.

Treatment

and month N Ca Mg K Nax1072)

Unburned
May 2.03 A5 12 29 24
June 1.47 .14 .07 1.9 .50
July 1.20 15 .08 14 .20
August 1.65 .18 11 1.0 .50
September 0.84 29 .13 0.5 40

Burned
April 1.44 12 20 25 70
May 1.84 .08 23 2.3 50
June 1.03 .09 16 1.7 50
July 1.61 .18 31 12 30
August 1.26 31 35 0.7 70
September 0.77 22 35 0.3 40

A comparison of N values of plants
growing at various water levels indicated
phenological differences (Fig. 3). Herbage
N content was about 0.5% higher from
plant tissue growing at the third and
fourth levels than for plants growing at
the first and second levels in June on the
burned site. Plant tissue tested from both
locations decreased in N content at the
onset of flowering (Table 4). This oc-
curred in mid-June at the burned sites
and early July at the unburned site.
Delayed flowering was probably due to
the later initiation of spring growth.
Nitrogen content in whitetop tissue in-
creased after flowering at both sites. A
decrease was noted during senescence.

Calcium content of whitetop tissue
varied little through the growing season,
but increased at senescence (Table 4).
Magnesium content declined from 0.12%
in May to 0.08% in July on the unburned
site, then increased to 0.13% by Septem-
ber. The Mg concentration dropped in
June on tissue sampled from the burned
site, followed by an increase through
August. These fluctuations could have
been responses to phenological changes.
Differences in Mg concentrations of the
burned and unburned sites (Table 4) were
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probably edaphic rather than due to
burning. Variability of Mg concentrations
within treatments (Table 1) substantiate
this idea. Plant tissue from both sites
declined in K content during the growing
season. The highest K level occurred in
the earliest growth stages and lowest prior
to senescence. Nitrogen and K are two
elements which show greater concen-
trations in young shoots and a dilution in
concentration as plant volume increases.
Calcium and Mg are considered to enter
plants at rates that prevent dilution
(Smith, 1962). No pattern of Na concen-
tration could be ascertained at either site
relative to growth condition.

Whitetop is an excellent forage pro-
ducer following burning and mowing.
Forage protein content approach pre-
flowering levels in late August, early
September. Inundation of monodominant
whitetop stands through flowering fol-
lowed by drainage prior to mowing would
provide maximum production. Proper
management of whitetop would establish
the species as an important forage grass of
the Northern Great Plains.
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