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Micronutrient Trace Element Composition of 
Crested Wheatgrass= 

CLIFTON BLINCOE AND T. L. LAMBERT 

Professor of Biochemistry and Laboratory Technologist 
Division of Biochemistry, University of Nevada, Reno. 

Highlight 

In crested wheatgrass on northern Nevada range, high cobalt with low copper 
and zinc concentrations present a rather atypical pattern of trace elements. 
Zinc and manganese were greater in the seed head than in the foliage but no 
such differences were found for cobalt, copper or iron. Advancing season from 
April through July did not influence the micronutrient trace element com- 
position of crested wheatgrass. Copper and zinc concentrations were found to 
be marginal or deficient for bovine nutrition and many zinc concentrations 
would generally be considered deficient for plant growth. 

Eurasian wheatgrasses were intro- 
duced into North America during 
the closing years of the last century. 
Extensive plantings for improve- 
ment of northern Nevada range 
lands started over thirty-five years 
ago. Some information is available 
on the proximal analysis and major 
mineral content of these Agropyron 
species (Pingrey and Dartignac, 
1959; Heinrichs and Carson, 1956; 
Sotola, 1940). Only one report on 
the micronutrient trace element 
composition of these grasses was 
found (Rauzi, et al., 1968) except 
for a recent report by this labora- 
tory on their unusually high cobalt 
concentration (Lambert and Blin- 
toe, 1971). 

This study was undertaken to 
determine the micronutrient trace 
element composition of range 
crested wheatgrass in Nevada and 
to explore some factors affecting it. 

l Contribution from the Nevada Agri- 
cultural Experiment Station. Project 
5104, Journal Series No. 182. Re- 
ceived March 19, 1971. 

2 This study was initiated by the late 
W. B. Dye who supervised the collec- 
tion of part of the 1963 samples. We 
thank P. T. Tueller, Division of Re- 
newable Natural Resources, Univer- 
sity of Nevada, for assistance with 
sampling at the SJ location, par- 
ticularly 1964, the Cooperative Ex- 
tension Service field personnel for 
assistance with sampling at all loca- 
tions and R. E. Eckert, Jr., Agri- 
cultural Research Service, U. S. De- 
partment of Agriculture, for assistance 
with preparation of this manuscript. 

Methods 

Eleven sample locations consid- 
ered representative of range crested 
wheatgrass plantings in Nevada 
were used. Samples were taken in 
1963, 1964, and 1967. Several lo- 
cations were sampled in all three 
years. At one location, four areas 
were selected within 6.5 km (4 
miles) of each other and sampled 
eight times between 17 April and 
23 July 1964. Samples were taken 
randomly over a 100 square meter 
site at each location. The current 
year’s growth was cut 1 cm above 
the ground. The previous year’s 
growth was avoided. The samples 
were washed twice with petroleum 
ether to remove dirt, air dried, 
dried at 70 C for 24 hours in a 
mechanical convection oven, and 
ground in a Cristy-Norris mill. 

The ground plant material was 
wet-digested with a nitric, sulfuric, 
perchloric (10: 1: 1 by volume) acid 
mixture, filtered free of silica and 
analyzed by calorimetric proce- 
dures. The analytical methods used 
were summarized by Johnson and 
Ulrich (1959) and by Dye (1962). 
In a few cases analytical data were 
also confirmed by atomic absorp- 
tion spectrophotometry. All data 
are reported on a dry basis in parts 
per million (1 ppm = 1 mg/kg). 

Results and Discussion 

A group of samples from six 
locations sampled in 1963 were 
analyzed intact and also the seed 
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head and foliage were analyzed 
separately. These data are given 
in Table 1. Analysis of variance 
indicated that only the manganese 
and zinc concentrations were sig- 
nificantly different (P = 0.01) be- 
tween the seed head and foliage. 
In both cases the concentration in 
the seed head was greater. In the 
data reviewed by Beeson (1941) 
zinc was greater in the seeds of most 
species but the results on manga- 
nese were not consistent. Viets 
(1966) also reported a somewhat 
greater zinc content in the seeds 
than in the foliage but found the 
zinc concentration in the vegetative 
tissue was more responsive to the 
level of available soil zinc. 

At the oae location extensively 
sampled no consistent trends in 
micronutrient trace element com- 
position were found. Rauzi et al. 
(1968) found no effect of advancing 
season on the iron concentration 
of western wheatgrass and an in- 
crease in manganese only very late 
in the season. Zinc and copper de- 
clined somewhat with advancing 
season. This is in contrast to Glad- 
stones and Loneragan (1967) who 
found an increase in zinc, especially 
in grasses, as the growing season 
progressed. Miller et al. (1964) 
could find no effect of season on 
the zinc concentration in Florida 
coastal Bermudagrass. For the 
several locations sampled in *June 
and July of 1963, 1964 and 1967, no 
consistent trends were noted. Since 
the effects of season and year were 
without statistical significance, all 
data were averaged by location. 

The micronutrient trace-element 
composition of range wheatgrasses 
at various locations in Nevada is 
given in Table 2. Since our samples 
were taken from an extensive area 
of Nevada, one finds large varia- 
tions in most of the micronutrient 
trace elements. Except for zinc, the 
spread of these data includes the 
values reported by Rauzi et al. 
(1968) for one location in Wyoming. 
However, the Wyoming data in- 
cluded lower zinc concentrations 
than our data. In fact, zinc concen- 
trations as low as those reported are 
rarely found in other species (Hodg- 
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Table 1. Micronutrient trace element composition (ppm, dry basis) of crested 
wheatgrass separated fractions. 

Mean concentration 

Intact Stems & 
Element n plant leaves 

Cobalt 6 12.0 12.4 
Copper 4 2.1 2.1 

Iron 4 117 115 

Manganese 4 29.2 29.1” 

Molybdenum 4 2.4 2.4 

Zinc 5 13.0 6.1” 

* Difference between parts of the plant statistically significant (P < .Ol). 

Seed 
head 

12.8 
2.1 

120 

37.3” 

2.4 

17.7” 

son et al., 1962). Except for one 
location, our samples contained 
somewhat more copper than Rauzi 
et al. (1968) found. The anoma- 
lously high cobalt found was the 
subject of a separate report (Lam- 
bert and Blincoe, 1971). Aside from 
cobalt, all values reported here are 
within the range of concentrations 
found in other plant species. The 
zinc levels are, on the whole, low 
and those below 15 ppm would 
generally be considered deficient 
for normal plant growth (Hodgson 
et al., 1962). Zinc deficiency gen- 
erally results in chlorosis and re- 
duced gowth rate and yield. Al- 
though usually associated with 
citrus and vegetable crops, zinc de- 
ficiencies have been reported in 

grasses (Viets, 1966). All micronu- 
trient trace elements other than co- 
balt, and zinc were within the range 
considered normal in other species. 

Since crested wheatgrass is used 
primarily as a range feed for cattle, 
Table 2 also indicates the adequacy 
of the concentrations found for live- 
stock nutrition (Underwood 1962, 
1966; Sanchelli, 1969). The copper 
concentrations at all locations were 
marginal or deficient in view of the 
molybdenum concentrations found. 
Molybdenum increases the copper 
requirement. At one location, cop- 
per would be severely deficient 
(0.08 ppm) especially since the 
molybdenum was 3.4 ppm. Zinc 
would be marginal or deficient at 
all locations. At least 20 ppm zinc 

Table 2. Micronutrient trace element composition (ppm, dry basis) of crested 
wheatgrass at several locations in northern Nevada. 

Location 
number County co 

Mean concentration 

Cl1 Fe Mn MO Zn 

SJ-l* Elko (NE) 4.38 

SJ-2” Elko (NE) 4.74 

SJ-3” Elko (NE) 6.63 

S J-4” Elko (NE) 3.11 

SJ-5 Elko (NE) 4.52 
KC”” Elko (NE) 9.52 
E*:” Elko (Central) 7.58 
D-l Elko (Central) 0.83 
D-2”” Elko (Central) 8.60 

WP White Pine 23.1 
H Humboldt 0.56 

3.66m 
3.79m 
4.23m 
3.98” 
3.42m 
4.52m 
4.98m 
4.00m 
5.38m 

0.84d 

434 

293 

313 

355 

223 

95 

80 
273 

802 

180 

52.8 1.40 16.0d 

59.9 1.10 15.6d 

45.1 1.75 14.9d 

51.3 2.14 21.2m 

46.1 0.84 13.3d 

29.3 2.07 16.5” 

27.1 1.66 12.4d 

34.0 3.26 23.9m 

26.3 2.39 15.6d 

31.9 - 8.46d 

19.3 3.42 15.6d 

d Deficient (Underwood 1962, 1966). 
m Marginal (Underwood 1962, 1966). 
* Average of 4 to 10 samples at these locations. 
** Average of 2 samples at these location: 

is necessary for grazing cattle and 
46 ppm is probably adequate. This 
is in contrast with earlier reports 
that zinc deficiency symptoms in 
ruminants were not. observed at 5 
or 10 ppm (Hodgson et al., 1962; 
Dye, 1962). Zinc deficiencies are 
more common in swine than in 
ruminants and are characterized 
by skin lesions and poor weight 
gain (Follis, 1966). Copper defi- 
ciency is well known in cattle, us- 
ually resulting from molybdenum 
toxicity. Several of the deficient 
copper and zinc concentrations were 
confirmed by atoemic absorption 
spectrophotometry to minimize the 
possibility of analytical error. 
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Highlight 

Roller chopping and shredding of woody plants reduced the overall stature, 
canopy cover, and woody plant density, but stem density increased due to basal 
sprouting. Two consecutive years of late summer burns following mechanical 
treatments did not significantly lower woody plant or stem densities. Mechanical- 
herbicide stump treatment following mechanical treatment, but prior to burning 
did not affect woody plant or stem densities or the stem:plant ratio. Mechanical 
clearing in combination with fire promoted secondary plant succession. Treat- 
ment combinations resulted in highest total herbage production, grass pro- 
duction, and herbaceous basal cover. Burning reduced litter cover, while roller 
chopping and shredding had little effect. 

The Texas ranching industry 
depends primarily on herbage pro- 
duced by native grasslands. Woody 
plants have invaded and reduced 
available forage on 82% of the 107 
million acres of Texas rangeland 
over the past half century (Lein- 
weber, 1965). About 13 of the 17 
million acres of the Rio Grande 
Plain Resource Area of Texas sup- 
ports at least a 20% brush canopy 
cover (U. S. Dep. Agr., 1964). Gen- 
erally, mechanical and chemical- 
control methods have not proven 
satisfactory for mixed brush stands 
in the resource area. 

Many aspects of the total grass- 

l Technical bulletin No. TA-9193 
Texas Agricultural Experiment Sta- 
tion, College Station, Texas. Received 
May 14, 1971. 

2 This research was possible only with 
the cooperation of Mr. Holman Cart- 
wright, owner and Mr. Clarence My- 
ers, Manager, of the Clair Cartwright 
Estate Ranch. 

land habitat have changed during 
the last 75 to 100 years (Humphrey, 
1953). Grassland vegetation evolved 
through an intimate ecological re- 
lationship with fire (Humphrey, 
1958). When the desert grasslands 
were grazed only by game animals, 
much of the annual forage produc- 
tion was not utilized and served as 
a fuel source for natural fires. 
These natural fires produced tem- 
peratures hot enough to kill most 
woody plants. Such a fuel source 
does not occur on most grasslands 
today. Humphrey (1953) stated that 
size of woody plants in grasslands 
today reduces effective control by 
fire. Young, woody plants are 
highly susceptible to fire and few 
seedlings survive. Restriction of 
the potential seed source must be 
important in maintaining prairies 
free of woody plants. 

Britton and Wright (1971) cor- 
related weather and fuel variables 

UNDERWOOD, E. J. 1966. The mineral 
nutrition of livestock. United Na- 
tions Food and Agriculture Organ- 
ization, Rome. 237 p. 

VIETS, F. G., JR. 1966. Zinc de- 
ficiency in the soil-plant system, Ch. 
6. In (A. S. Prasad, Ed.), Zinc Me- 
tabolism. Charles C Thomas, Spring- 
field, Ill. 465 p. 

with mesquite (Prosopis glandulosa 
var. glandulosa Torr.) damage by 
fire in the Southern Mixed Prairie 
of Texas. Relative humidity and 
wind speed were important vari- 
ables for predicting tree-stem ig- 
nition. Fine fuel moisture content 
and total fuel also were important 
variables. Mesquite mortality in- 
creased as grass fuel increased. 

Burning may directly affect cer- 
tain attributes of desirable plants 
in a grassland ecosystem. Late win- 
ter burns increased protein and 
phosphorus content of new grass 
growth on pine-bluestem ranges in 
Louisiana (Campbell and Cassody, 
1951). Prescribed burning in the 
Flint Hills of Kansas stimulated 
early spring growth of grasses, uni- 
form grazing with rough removal, 
increased plant cover, and in- 
creased forage production in Kansas 
(Hensel, 1923; Anderson, 1964). 
However, Aldolus (1934) reported 
reduced forage production, partic- 
ularly from early-spring burns, in 
the same region. Burned bluestem 
(Andropogon spp.) clones were more 
leafy than unburned clones early 
in the growing season. 

Fire also affects undesirable her- 
baceous species. Owensby and An- 
derson ( 1967) reported reduced 
weed densities from late-spring 
burns in Kansas. However, weed 
yields in early- and mid-spring 
burned pastures were not signifi- 
cantly reduced. Aldous (1934) re- 
ported buckbrush (Symfhoricarpos 
sp.) control in Kansas with pre- 
scribed burns in May. Prescribed 
burns in California reduced the 
number of viable seeds produced 
by medusahead (Elymus caput- 
medusae L.) (McKell et al., 1962). 


