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Shade-induced Grass-Tetany-Prone 
Chemical Changes in Agropyron 
desertorum and Elymus cinereus 

H. F. MAYLAND AND D. L. GRUNES 

Highlight: Grass tetany, a magnesium (Mg) deficiency in grazing ruminants, often 
occurs simultaneously with periods of reduced solar radiation levels. The objective of 
this study was to determine if reduced radiation levels produce a chemical composition 
in grass indicative of a tetany-prone forage. Two grass species were exposed to three 
radiation levels (8, 25, and 100% of actual) by shading with burlap cloth. The vegeta- 
tively growing forage was harvested at weekly intervals over a J-week period during 
early spring. 

Shaded forage had higher concentrations of Mg than did unshaded forage. However, 
shaded forage compared to forage grown in full sunlight would likely result in 1essMg 
being available to the animal. The hypothesized inverse relationship between radiation 
and the incidence of grass tetany in Idaho, Nevada, and Utah is supported by field 
observations. 

Grass tetany is a sometimes fatal nutri- 
tional disorder in cattle and sheep caused 
by a deficiency of available magnesium 
(Mg) (Grunes, 1973; Grunes et al., 1970; 
Metson et al., 1966; and Molloy, 1971). 
This Mg deficiency may be due to inade- 
quate forage intake and thus reduced Mg 
intake, or to forage factors that reduce 
the availability of dietary Mg. Physiologi- 
cal stresses caused by a change in diet, 
parturition, lactation, increased age, 
transportation, etc. increase the animal’s 
susceptibility to grass tetany. 

Tetany occurs throughout the temper- 
ate regions of the world, predominantly 
while animals are on rapidly growing, 
immature grass pastures. The higher fre- 
quency of tetany on grass pastures com- 
pared to other forage types results in part 
because of lower Mg concentrations in 
grass than in other forages. For example, 
we have found that mean Mg concentra- 
tions in a number of grasses, legumes, and 
forbs native to the big sagebrush- 
bunchgrass range were 0.14, 0.26, and 
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0.38% Mg, respectively. 
Not only do grasses normally contain 

lower Mg concentrations than do legumes 
and forbs but, also, a smaller amount of 
the Mg in the grass is available to the 
ruminant. This reduced availability is 
related to forage levels of N, K, K/(Ca +. 
Mg), organic acids, higher fatty acids 
(HFA), and the protein:energy values - 
all of which are higher for tetany-causing 
forage than for other forage (Grunes et 
al., 1970; Mayland and Grunes, 1974; and 
Mayland et al.’ Consequently, any fac- 
tor that increases the animal’s Mg require- 
ment, reduces Mg intake, or reduces 
dietary Mg availability will tend to pro- 
duce a tetany situation. 

Grass tetany occurs in southern Idaho 
and northern Nevada on monocultured 
grass rangelands during midspring. This 
occurrence coincides with the rainy sea- 
son, when incident daily radiation may be 
reduced because of the increased cloud 
cover. For example, 7-day incident radia- 
tion values at Kimberly, Ida., ranged from 
about 50 to nearly 100% of potential 
clear-day values during April and May 
from 1966 to 1972. We therefore ques- 
tioned whether the reduced radiation 
caused changes in forage chemical com- 
position that were related to the inci- 
dence of tetany. 

’ Mayland, H. F., D. L. Grunes, and D. M. 
Stuart. 1974. Chemical composition of Agro- 
pyron desertorum as related to grass tetany. 
Accepted for publication, Agron. J. 66(3). 

Previous research has shown that 
shaded grasses have lower dry matter and 
much higher crude protein (total N) than 
grasses grown in full sunlight (Burton et 
al., 1959; Deinum, 1966; Myhr and 
Saebo, 1969). The ash content of shaded 
forage is increased to levels sometimes 
twice that of unshaded plants because of 
higher concentrations of K, Mg, Ca, and 
P. Cunningham and Nielsen (1965) re- 
ported greater cation concentrations in 
plants grown during cloudy weather than 
in plants grown during sunny weather. 

Low radiation levels limit the energy 
available for synthesizing carbon com- 
pounds in the plant. Consequently, 
NO3 -N accumulates, and concentrations 
of to tal water-soluble carbohydrate 
(TWSC) or other carbohydrate fractions 
in shaded grass may be only half the 
concentration found in unshaded grass 
(Deinum, 1966; Hight et al., 1968; Myhr 
and Saebo, 1969; and Paulsen and Smith, 
1969). 

Shading (22 to 30% of full sunlight) 
significantly reduced dry matter intake as 
well as digestiblity of forage by sheep 
(Deinum et al., 1968; and Hight et al., 
1968). The reduced intake of shaded 
forage was attributed to its lower soluble 
sugar content. 

There is considerable evidence that 
reduced radiation changes the chemical 
composition of forage. Some of these 
changes may be associated with the 
tetany syndrome because of their effects 
on reducing Mg intake and availability to 
ruminants. The objective of this study 
was to determine the effects of reduced 
radiation levels upon the chemical com- 
position of two semiarid grass species, 
and to evaluate such changes in relation 
to the Mg nutrition in animals. 

Field Methods 

Established plots of ‘Nordan’ crested 
wheatgrass (Agropyron desertorum 
(Fisch.) Schult.) and basin wildrye 
(Elymus cinereus Scribn. and Merr.) near 
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Kimberly, Ida., were selected for this 
study. The soil is a course, silty, Dur- 
ixerollic calcorthid known as Portneuf silt 
loam. The soil characteristics follow: 

Organic carbon (%) 1.1 
pH saturated paste 7.7 
Saturation water content (%) 40.0 
Conductivity of saturation extract 

(mmhos) 0.5 
Cation exchange capacity 

(meq/ 100 g) 20.0 
CaC03 equivalent (%) 3.0 

NH40Ac extractable cations (meq/lOO g) 
Na 0.1 
K 1.0 
Mg 5.0 
Ca 15.0 

Water extractable cations - saturation 
extract (meq/liter) 

Na 0.5 
K 0.5 
Mg 1.8 
Ca 3.8 

The shading was imposed by a single 
thickness of burlap cloth 2.5 X 6 m 
supported at a height of 1.5 m in an 
east-to-west orrentation. The shading was 
installed April 1, 1968, and remained 
until May 10, 1968. Midday radiation 
levels measured with an Eppley 180” 
pyranometer at the 0.3-m height indi- 
cated that the shaded plots had 25% 
(R, s ) of clear-day radiation levels 
(R,,e). That is to say that the R,, plots 
had a light transmission of 25% of full 
sunlight. The average radiation values 
(unshaded) were 547 and 638 langleys 
per day for April and May 1968, respec- 
tively (Fig. 1). These values were 106 and 
100% of average values (1966-1972), and 
82 and 81% of the potential clear-day 
values, respectively. (Potential clear-day 
values are calculated radiation values 
which do not consider effects of atmos- 
pheric absorption and reflection of light.) 
The possible changes in spectral charac- 
teristics resulting from the burlap shade 
screens were not evaluated. 

A second shading level was induced by 
a double thickness of burlap cloth. The 
light intensity transmitted by this treat- 
ment, Res , was 8% of full sunlight. Data 
for the R,, treatment were similar to 
those obtained for the R2s and were 
therefore omitted to save space. Re- 
sponses of the various chemical param- 
eters to reduced radiation were generally 
greater for the Res than for the R2 5 
treatment. 

The two shading treatments were 
joined end to end on each of the two 
forage plots. Forage samples were ran- 
domly harvested from the area within the 
plot after allowing for a 2-m border on 
the east and west ends, a 0.2-m border on 
the north, and a 1.3-m border on the 
south side. Forage grown under full sun- 
light, R, e e , was harvested from the area 
adjacent to all sides of the shaded plots, 

AGROPYRON DESERTORUM ELYMUS CINEREUS 
IOOO- 
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Fig. 1. Concentration of K, Mg, and OI in two grass species as affected by shading; and the 5day 
moving means for incoming radiation, air temperature at the I .4-m height, and bare soil tempera- 
ture at the I O-cm depth. (To change meq/kg to percent, multiply K by 0.00391, Mg by 0.00122, 
and 01 by 0.00200.) 

but about 2 m away to avoid any shading 
effect. 

Forage samples were harvested at the 
3- to 5-cm height during midmorning to 
avoid diurnal changes in parameters such 
as carbohydrates. Plant samples were har- 
vested at weekly intervals from different 
areas of the same plots. Data represent 
forage harvested during the vegetative 
growth (preboot) stage. Forage samples 
were freeze-dried immediately after har- 
vest. Water content of the freeze-dried 
material was generally less than one per- 
cent as determined by weight loss over 
P,Os dessicant. Dry matter content of 
fresh samples was determined by weigh- 
ing before and after freeze-drying. Dried 
samples were ground to pass 40-mesh 
sieve and stored in glass bottles at ambi- 
ent temperatures. 

Five-day moving means were calcu- 
lated for accumulative daily radiation and 
for average daily [(min + max)/2 ] soil 
(1 O-cm depth - bare cover) and air 
temperatures obtained from the Kimberly 
Climatological Station adjacent to the 
plots. Air and soil temperatures, 
measured only at sampling time, were 
lower for the shaded than for the un- 
shaded treatments but these differences 
seldom exceeded 2°C. 
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Laboratory Methods 

Plant samples were dry-ashed over- 
night in Pyrex beakers at 500°C, and 
subsequently treated to assure the loss of 
carbonates and nitrates and to dehydrate 
the silica, which was removed by filtra- 
tion through Whatman No. 42 (T. 
Greweling, The Chemical Analysis of 
Plant Tissue, Cornell University Agron. 
Mimeo. 6622). The filtrate was analyzed 
for Na, K, Mg, and Ca by atomic absorp- 
tion. Aliquots reserved for Mg and Ca 
analysis contained 1500 ppm Sr to mini- 
mize Al and P interference with Ca. 

Total P was determined by the color- 
imetric molybdenum-blue method (Chap- 
man and Pratt, 196 I), modified by substi- 
tuting 1-amino-2-napthol-4-sulfonic acid 
for SnCl, as reducing agent. Chloride was 
determined by potentiometric titration 
with AgN03. Nitrate-N was determined 
by the phenoldisulfonic acid method. 
Sulfate-S was extracted from 0.5 g plant 
samples by shaking for 25 minutes with 
50 ml 0.35 N acetic acid plus 0.5 g 
carbon black (Elf 1, channel black), 
filtered, and then S04-S determined by 
the BaSO, turbidimetric technique 
(Stewart and Porter, 1969). 

Ash and ash alkalinity (Van Tuil et al., 



1964) values were obtained after ignition 
at 550°C for 2 hours after reaching 
temperature. Higher fatty acids (HFA) 
were determined by titration following 
saponification and separation into a petro- 
leum ether phase (lmmink et al., 1965). 
Cations minus anions (C - A) were calcu- 
lated on a millie uivalent basis as (Na+ + 
K+ + Mg++ + Ca?+) minus (Cl- t total P 
as H,PO, + NO; t SO,). The ratio 
K/(Ca + Mg) was calculated on a 
milliequivalent/kg basis. 

Total aconitic acid was determined by 
polarography (Patterson et al., 1972). 
Total water-soluble carbohydrates 
(TWSC) were determined as reducing 
sugars (Metson et al., 1966). Total N 
(including NO,) was determined by the 
Kjeldahl method. 

Forage dry matter concentration was 
calculated as dry weight divided by fresh 
weight X 100. Chemical data are given on 
a dry matter basis. The paired f-test 
(Snedecor and Cox, 1967) was used to 
test various treatments for significant 
differences. 

Results and Discussion 

Shaded grass forage contained signifi- 
cantly higher concentrations of K, Mg, 
and Ca (Table 1) than did unshaded 
forage. Relative increases in Mg and Ca on 
a meq/kg basis (Fig. 1) were greater than 
those of K, resulting in lower K/(Ca + 
Mg) values in the shaded compared to the 
unshaded forage (Table 1). The increased 
Mg concentration and the reduced K/(Ca 
+ Mg) values resulting from reduced 
radiation levels could be beneficial in 
reducing the incidence of tetany. How- 
ever, the mean K/(Ca + Mg) value of 2.4 
for basin wildrye is still greater than the 
commonly accepted threshold value of 
2.2, above which the incidence of tetany 
rapidly increases (Grunes et al., 1970). 

For the unshaded plants, concentra- 
tions of K and Ca in both plant species 
decreased with increased physiological 
age (Fig. 1). Concentrations of Mg de- 
creased only in the older crested wheat- 
grass forage. For the shaded plants, with 
the exception of Mg concentrations for 
basin wildrye, mineral concentrations in- 
creased until the third or fourth harvest, 
then declined noticeably. The decline is 
attributed to a dilution effect brought 
about by increased concentrations of 
synthesized carbon material in the forage. 

The forage Cl and SO,-S concentra- 
tions were greatly increased by shading 
(Table 1). Shading resulted in a 5-fold 
increase in NO,-N concentration com- 
pared to unshaded, but the increase was 
significant only for basin wildrye. The P 
level was reduced by the shading treat- 
ment, but this reduction was significant 
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only for basin wildrye. 
Total forage N was increased and 

TWSC decreased by shading (Table 1) so 
that the N/TWSC ratios averaged 75% 
greater in both species when shaded. This 
protein:energy imbalance in grazed forage 
might conceivably reduce the availability 
of forage Mg to the ruminant (Grunes et 
al., 1970; and Mayland et al.‘). 

Total cations (C = Na+ t K+ + Mg+’ t 
Cat+) were increased about 28% in the 
shaded forage, and anions (A = Cl- t 
total P as H,PO, t NO; + SO,) were 
increased about 45% when compared to 
unshaded forage (Table 1). However, be- 
cause of the relative magnitudes of C and 
A, the cation minus anion (C - A) values 
were increased 21% for crested wheat- 
grass and 9% for basin wildrye by the 
shading treatment. These values are com- 
pared to 29 and 13% increases in ash 
alkalinity of the two species, respectively. 
Ash alkalinity is theoretically equivalent 
to C - A, but we have generally found ash 
alkalinity values to be greater than those 
of C - A (Mayland et al.‘). The increases 
in C - A theoretically are accompanied 
by stoichiometric increases in organic 
acids so as to maintain electrical neutral- 
ity in the plant. From the changes in C - 
A and ash alkalinity, we conclude that 
total organic acid concentrations were 
increased by the reduction in radiation 
levels. The possible detrimental effect of 
high organic acid levels on reducing Mg 
availability to ruminants has been pointed 
out by Prior et al., 1973. 

Total aconitic acid was also increased 

by the shading treatment (Table 1). This 
acid accounted for one-half of the total 
organic acid concentration (as inferred 
from C - A or ash alkalinity) in crested 
wheatgrass and for three-fourths of the 
total concentration in basin wildrye. 
These proportions were similar in both 
the shaded and unshaded forage. 

Organic acids, especially aconitic acid, 
may be important in chelating Mg and 
reducing its availability to the animals, 
especially in marginal Mg situations 
(Grunes, 1973; and Grunes et al., 1970). 
Therefore an increase in organic acid 
content could be important in causing a 
Mg deficiency in ruminants and grass 
tetany, especially if available Mg is bor- 
derline. 

Higher fatty acids, e.g., palmitic and 
linolenic acids, were significantly in- 
creased by shading. The higher fatty acids 
are capable of forming water-insoluble 
soaps with Mg and Ca, thus reducing the 
availability of Mg and Ca to the animal 
(Immink et al., 1965). 

Shaded forage tended to have a lower 
dry matter content than did unshaded 
forage (Table l), and this may relate to 
Mg nutrition in two ways. First, as dry 
matter content decreases, a greater intake 
of feed is necessary to meet the dry 
matter (including Mg) requirements of 
the animal. Second, as the forage dry 
matter content decreases, the feed be- 
comes “slushy” and the consumed forage 
is retained in the digestive system for 
shorter periods. This shorter retention 
time of the ingesta results in less oppor- 

Table 1. Effects of shading on mean chemical composition of Agropyron desertorum and Elymus 
cinereus during spring growth, 1968. Data are means of 5 weekly harvests.’ 

Component 
Na (%) 
K (%) 
Mg (%) 
Ca (%) 
p (70) 
Cl (%I 
NO,-N @pm) 
SO,-S (ppm) 

K/(Ca + Mg) (meq basis) 
TWSC (%) 
Total N (%) 
N:TWSC 

Sum cations (C) (meq/kg) 
Sum anions (A) (meqlkg) 
C - A (meq/kg) 
Ash alkalinity (meq/kg) 
Aconitic acid (meq/kg) 
Higher fatty acids (meq/kg) 
Dry matter (o/o) 
Height (cm) 

Agropyron desertorum Elymus cinereus 

R 100 R 25 

0.05 0.06 
1.9 2.3* 
0.12 0.15* 
0.42 0.62* 
0.22 0.20 
0.57 0.81* 

200 630 
450 850* 

0.05 0.06 
3.0 3.5* 
0.11 0.18** 
0.29 0.46** 
0.27 0.21* 
1.06 1.40** 

370 1870* 
560 940* 

1.6 1.4** 
20.0 15.0 

4.0 5.1** 
0.21 0.36* 

3.3 2.4** 
15.0 11.0 

3.9 5.1** 
0.29 0.53* 

820 1050** 1020 
270 390* 450 
550 660* 570 
550 720** 590 
270 320 420 

96 130* 
34.5 33.1 
28 15** 

95 110* 
29.5 23.7** 
21 18* 

R 100 R 25 

1290** 
650* 
640* 
660* 
490** 

‘RIO0 and R,, are full sunlight and 25% full sunlight, respectively. Paired t-test at P 0.05 (*) and 
PO.01 (**) compares effect of shade to that of full sunlight. 
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tunity for Mg absorption (Molloy, 1971). 
Changes in the Mg and K/(Ca + Mg) 

values of forage grown under reduced 
radiation levels, compared to full sun- 
light, should favor a reduction in tetany 
cases. However, changes in other factors 
such as K, N, TWSC, organic acids, higher 
fatty acids, and dry matter content would 
likely result in reduced intake of dry 
matter and Mg or in reduced availability 
of Mg to the ruminant. 

Reduced solar radiation may be a 
factor in the etiology of grass tetany. The 
incidence of grass tetany in Idaho, Ne- 
vada, and Utah appears to be greater if 
radiation levels are low in April. For 
example, daily radiation values during 
April averaged 437,547, and 5 5 1 langleys 
per day during 1967, 1968, and 1969, 
respectively. The incidence of grass tetany 
for those respective years was severe, light, 
and near zero in the three-state area. 

The reduced radiation in the three- 
state area coincides with the spring rainy 
period. Thus, more clouds result in less 
total radiation, but also in a greater oppor- 
tunity for rain. In fact, for the 1967 to 
1971 period, the correlation of April pre- 
cipitation with average monthly radiation 
was r = -0.97. Therefore, while there is a 
good relationship between shading or re- 
duced radiation and the incidence of tet- 
any, it might also be argued that the caus- 
ative factor is improved plant growth 
resulting from improved moisture condi- 
tions and not the reduced radiation per se. 
Final proof must await carefully con- 
ducted growth chamber experiments 
where radiation levels are varied for given 
levels of soil moisture and temperature. 
For the present, it appears that reducing 
the radiation on either of the semiarid 
grass species used in this study results in a 
change in chemical composition. The net 
effect of reduced radiation levels would 
probably be a reduction in Mg availability 
to the grazing animal. 
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Viewpoint 

Zootic Climax 
A. A. Beetle has misinterpreted many 

Df our findings and our use of the term 
zootic climax in his paper, “The zootic 
disclimax concept”, (J. Range Manage. 
27:30-32). He has also quoted us out of 
context and failed to distinguish working 
hypotheses, subject to testing and rejec- 
tion, from established conclusion. This 
has occurred to such an extent that we 
can only refer interested readers of the 
Journal to the original papers, copies of 
which are available from the Biologists’ 
Office, National Park Service, Box 168, 
Yellowstone National Park, Wyoming 
82190. It is true that we, and others, have 
challenged some “traditional” interpreta- 
tions of conditions on ungulate ranges in 
northwestern Wyoming, and some of the 
supporting evidence for the recent inter- 
pretations wi.II be found in our papers 
cited by Beetle and in the following 
papers: 
Gruell, G. E. 1973. An ecological evaluation of 

Big Game Ridge. U. S. Dep. Agr., Forest 
Serv., Intermountain Region. 62 p. 

Cole, G. F. 1969. Elk of Grand Teton and 
Southern Yellowstone National Parks. Yel- 
lowstone National Park. 192 p., mimeo. 

Loope, L. L., and G. E. Gruell. 1973. The 
ecological role of fire in the Jackson Hole 
area, northwestern Wyoming. Quarternary 
Res., 3(3):425443. 

Houston, D. B. 1973. Wildfires in northern 
Y ellowstone National Park. Ecology. 
54:1111-1117. 

Meagher, Mary. 1973. Bison of Yellowstone 
National Park: Past and present. Nat. Park 
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