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Highlight 
The nitrate contents and distribu- 

tions were found to be similar in some 
South Dakota range soils with and 
without alfalfa and from over-grazed 
and 1ightIy grazed range. Less than 3 
ppm N03-N was found except for 8 
ppm in shale substrata below the nor- 
mal depth of moisture penetration. 

Nitrates in lower layers of some 
Colorado soils were depleted by 
alfalfa (Medicago sat&z), which has 
a deep root system (Stewart, et al., 
1967). If nitrates accumulate in 
range soils, alfalfa interseeded into 
the range probably would cycle this 
nitrogen back to the soil surface. In 
addition, subsoil nitrates should be 
less abundant in lightly grazed 
range than in over-grazed range 

l South Dakota Agricultural Experi- 
ment Station Journal series 1007. Re- 
ceived March 18, 1971. 

where the plants have shallower 
root systems (Jameson, 1964). The 
nitrate contents and distributions 
in some South Dakota range soils 
with and without alfalfa and from 
over-grazed and lightly grazed 
range will be reported. 

Methods and Materials 
Well-drained soils at the Ante- 

lope Range and the Cottonwood 
Range Field Stations were sampled. 
The Antelope Station is in north- 
western South Dakota, has about, 
340 mm annual precipitation, and 
soil developed from Tertiary-age 
fine sandstones with lenses of silt- 
stone and shale. The Cottonwood 
Station is in west central South Da- 
kota, has about 380 mm average an- 
nual precipitation, and soils devel- 
oped from Cretaceous-age Pierre 
shale. Soils at the two stations are 
sandy loams or loams and clays, 
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respectively, which span the tex- 
tures most commonly found in 
South Dakota. 

At Antelope Range, several al- 
falfa varieties were established in 
1953 after the natural vegetation 
was reduced by disking. Soil sam- 
ples were taken in June, 1970 from 
location A-l (area in low range 
condition used by sheep in winter), 
A-2 (10 m from A-l in old Ladak 
alfalfa plot), A-3 (50 m from A-l in 
the low condition range), and A-4 
(15 m from A-3 in old plot of 

an experimental alfalfa variety). 
Soils A-l and A-2 were from a 
southwest-facing, 3 percent slope of 
a ridge crest and Soils A-3 and A-4 
were from the north-facing, 12 per- 
cent slope of the ridge. The vegeta- 
tion growing on soil A-l was mainly 
threadleaf sedge (Carex filifolia), 
blue grama (Bouteloua grucilis), 
and fringed sagewort (Artemisiu 
frigida) with a few plants of needle- 
andthread (Stifxz comutu), prairie 
junegrass (Koeleriu &tutu), scarlet 
globemallow (Sphuerulceu cocci- 
neu), scarlet gaura (Guuru coccineu) 
and rush skeletonplant (Lygodes- 
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FIG. 1. Comparison of total and nitrate nitrogen distribution in soils from range 
(A-l), adjacent sparse alfalfa planted in range (A-Z) and range (A-3), and adjacent 
moderately thick stand of alfalfa planted in range (A-4). 

mia juncea). Needleandthread and 
blue grama were the main vegeta- 
tion of Soil A-2 which had Ladak 
alfalfa although the nearest alfalfa 
plant at time of sampling was about 
2 m away. Vegetation on soil A-3 
was mainly threadleaf sedge but 
with more needleandthread than 
was on soil A-l and with some 
western wheatgrass (Agropyron 
smithii), fringed sagewort and sil- 
verleaf scurfpea (Psoralea argo- 
phylla) about 1 m away. Alfalfa 
plants of an experimental variety 
on soil A-4 had stems that spread to 
nearly cover the ground at sampling 
time although the 1 m spacing be- 
tween the plants contained con- 
siderable needleleaf sedge (Carex 
eleocharis) and some small needle- 
and-thread plants. 

At Cottonwood, soils C-5 and 
C-8 were 4 m apart in a good range 
condition pasture where use had 
been light since 1942. Soils C-6 and 
C-7 were about S and 12 m, respec- 
tively, from the first two soils in a 
poor range condition pasture which 
had been heavily grazed since 1942. 
The lightly grazed sampling area 
was mainly western wheatgrass with 
some green needlegrass (Stipa viri- 
d&a) while the heavily grazed sam- 
pling area was mainly buffalograss 
(Buchloe dactyloides) with sparse 
western wheatgrass, needleleaf 
sedge, fringed sagewort, scarlet 
globemallow, six weeks fescue (Fes- 
tuca octoflora), and Japanese brome 

(Bromus japonicus). Shale frag- 
ments became more numerous and 
larger in size from a depth of 1 m to 
2 m where the fragments were es- 
sentially unweathered except for 
oxidation of the outer part of the 
dark-colored fragment. 

Nitrates were extracted from the 
undried soils with 1~ CuS04 and 
determined by the phenoldisulfonic 
acid method (Jackson, 1958). The 
N03-N is reported on an oven-dry 
weight basis while the Kjeldahl- 
determined total N is reported on 
an air-dry weight basis. 

Results and Conclusions 

Soils at Antelope Range Field 
Station had similar total N and 
N03-N contents where the vegeta- 
tion was range or alfalfa or where 
alfalfa had been planted in range 
(Fig. 1). The average N03-N for 
the soils was about 1 ppm and it 
did not appear to be related to the 
total N content. The low, relatively 
uniform NO,-N content with depth 
in the soil probably is because the 
subsoil rarely is moistened by water 
draining downward from the 
nitrogen-rich surface layers. A 
meter-thick layer of loam soil, dried 
previously by plants, can store 
about 20 cm of plant-available 
water (Black, 1968) before water can 
drain from this layer. Thus, soil 
moistening below a meter would be 
unlikely because three-fourths of 
the 340-mm annual precipitation 
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FIG. 2. Comparison of total and nitrate 
nitrogen distribution in soils from lightly 
grazed range (C-5 and C-S) and from an 
adjacent heavily grazed range (C-6 and 
C-7) at the Cottonwood Range Field Sta- 
tion. 

comes during the growing season 
when it is used rapidly by plants. 
Nitrates would not leach from the 
soil where the precipitation is less 
than the amount needed to wet 
the subsoil. At the time of sampling, 
the soil below 100 or 125 cm had 
7-12s moisture in the sandier 
layers which is about the amount 
found when plants wilt. Appar- 
ently subsoil nitrates either have 
not accumulated or have been re- 
moved by the deep-rooted forbs in 
the prairie as well as in the soils 
planted to alfalfa. Possibly on these 
soils nitrogen is needed more than 
water for plant growth so the NO,- 
N is used rapidly and cannot ac- 
cumulate in the soil. 

Soils from lightly and heavily 
used range at the Cottonwood 
Range Field Station also had simi- 
lar total N and NOs-N contents 
(Fig. 2). The average NO,-N con- 
tent of the upper well-developed 
soil layers was about 1 ppm while 
the substratum which lacks soil de- 
velopment had about 8 ppm. This 
nitrate distribution probably is 
caused by the depth of moisture 
penetration in the soil. Nitrates 
are not likely to be from the shale 
parent material because oxidation 
was poor when the dark color devel- 
oped. Apparently water does not or 



rarely enters the shale substratum 
or it would have more soil develop- 
ment. In addition, water contents 
in the lower soil and shale (about 
20%) are those found at the wilting 
point. Leaching of nitrates from 
overlying soil into the shale cannot 
be excluded as a possibility. How- 
ever, plant roots usually do not 
grow extensively in shales (Fehren- 
bather et al., 1965) so the removal 
of the leaching water by plants is 
questionable. Water might move 
up from the shale to the overlying 
frozen ground in the winter. In 
addition, nitrates may move down- 
ward as the soil freezes. Soluble salt 
solutions are concentrated in fluid 
cavities in sea ice as it freezes. 
These fluid globules subsequently 
migrate downward as the ice warms 
and cools as the air temperature 
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changes (Kingery and Goodnow, 
1963). This process, if it occurs in 
soils, could concentrate nitrates in 
the substratum. 

Nitrogen in the well-drained soil 
must be utilized rapidly by plants as 
it is mineralized so that high con- 
centrations of nitrates do not ac- 
cumulate irrespective of grazing in- 
tensity and presence or absence of 
alfalfa. Apparently the shallow 
water penetration in the soil would 
not leach nitrates below the root- 
ing zone if abnormal conditions did 
cause them to temporarily acccumu- 
late. 
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Highlight 

The total water-soluble carbohydrate (TWSC) fraction of intermediate 
wheatgrass stem bases and roots is depleted with etiolation and is a good mea- 
sure of the reserve energy of this species. When the TWSC fraction was de- 
pleted to about 1% dry weight, vigor of the grass was too poor to recover from 
a clipping treatment. Root weight was also reduced with etiolation. Late 
September to early November was a period of active herbage and root growth 
for intermediate wheatgrass. Growth during this fall period enabled grasses 
which had been clipped three times at 6-week intervals during the summer to 
recover to very nearly the level of TWSC and root weight as the check plants. 

A knowledge of the pattern of re- 
serve energy use and storage in the 
stem bases and roots of plants in 

1 Research conducted at the Cedar City, 
Utah Livestock and Range Field Sta- 
tion under Utah Agricultural Experi- 
ment Station Project 378 and sub- 
mitted as a portion of dissertation to 
The Graduate College, Iowa State 
University. Utah Agr. Exp. Sta. Jour- 
nal Paper 875. Received February 10, 
1969; accepted for publication August 
28, 1971. 

response to phenological develop- 
ment, climate, and grazing treat- 
ments is essential to develop good 
systems for proper management of 
range plants. A measure of the total 
energy reserve rather than specific 
carbohydrate fractions is usually 
the information desired for making 
management decisions, but the frac- 
tions present determine what meth- 
ods of analyses are appropriate. 

The carbohydrates which func- 

tion as reserves in most higher 
green plants are sugars, fructosans, 
and starches (Weinmann, 1947). 
Which of these fractions predomi- 
nate in the stem bases and roots, 
however, vary with species. De 
Cugnac (1931) reported analyses of 
a number of grasses and classified 
these according to the distribution 
of starch, sucrose and fructosans in 
their stubble. He divided the grass 
family into two definite physiologi- 
cal groups: (1) the “Sacchariferes,” 
mostly grasses of tropical origin, 
which never form levulosides (fruc- 
tosans) in their tissues but contain 
sucrose, reducing sugars, and starch; 
and (2) the “Levuliferes,” mostly 
plants of temperate origin, which 
are characterized by the presence of 
levulosides in some of their organs 
or at certain stages in their develop- 
ment. 

Considerable evidence has accum- 
ulated which show that grasses be- 
longing to the temperate origin 
Agropyron genus store fructosans as 
their primary polysaccharide re- 
serve. Julander (1945) reported that 
tissues of bluestem wheatgrass (Ag- 
ropyron smithii Rydb.) and blue- 
bunch wheatgrass (Agropyron spi- 
catum [Pursh] Scribn. and Smith) 


