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seeds would enhance the invasion 
of indigenous species into available 
niches such as, the furrow bolttom. 
Established native species in the im- 
mediate area of the erosion control 
structures would ensure a moire con- 
stant, viable seed source from year 
to year. This seed source becomes 
more imno’rtant when introduced 

duction of a more substantial seed 
source from indigenous species. 
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Samples of seven native and four introduced clovers were collected from 
widely scattered areas in Wyoming and southern Montana. Most of the samples 
were collected at bloom stage during two successive growing seasons. The levels 
of calcium, phosphorus, magnesium, sodium, potassium, sulfur, colbalt, copper, 
iron, manganese, molybdenum and zinc in these plants were measured. Levels 
of calcium were fairly high and extremely variable, ranging from 1.12 to 5.74%. 
Magnesium contents were quite variable with a range of 0.22 to 0.97%. Con- 
siderable variation in the levels of cobalt, range 0.09 to 1.75 ppm, exists and 
there were indications of species differences in accumulating ability under identi- 
cal conditions. Copper accumulating capacity apparently varies from species 
to species and appears to be in direct contrast to cobalt accumulating ability. 
The range of copper was 7.0 to 49.5 ppm. Iron varied over a wide range with 
some unexpected high values. The levels of iron varied from 222 to 3329 ppm. 
Contents of manganese ranged from 39 to 250 ppm with higher levels being 
found in samples of alsike and white clover from the mud volcano areas of 
Yellowstone National Park. Amounts of mineral elements present in the clover 
samples were high enough to provide an adequate plane of nutrition for con- 
suming livestock and wild game. 
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soil type, elevation, moisture sup- 
ply, length of growing season, and 
grazing pressures. Three species of 
native clovers collected in this study 
were located on limited acreage in 
one 01 at most a few sites in Wyo- 
ming and apparently require cer- 
tain specific conditions and seem to 
tolerate only slight deviations from 
the optimum. Native clovers are ex- 
tremely variable in appearance and 
growth habits and may grow where 
one would least expect to find them. 
The cultivated clovers are scattered 
throughout the western states on 
cultivated areas as well as oa many 
areas where they have escaped from 
cultivation. The clovers are rated 
as valuable plants by livestock 
producers and game management 
personnel and knowledge of their 
mineral composition will be of con- 
siderable value. 

Review of Literature 

A rather detailed description of 
the appearance, collection sites, 
growth habits, and preferred habi- 
tat for certain native clovers was 
presented by Hamilton (1961). The 
appearance and growth habits of 
the introduced clovers are familiar 
and will not be discussed. The com- 
mon names used are those proposed 
by Kelsey and Dayton (1942) and 
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Beetle (1970). Personal observations 
as well as study of numerous botany 
books and records of collection sites 
of herbarium specimens has indi- 
cated that the native clovers, i.e., 
whiproot (Trifolium dasyphyllum), 
hollyleaf (T. gymnocarpon), long- 
stalk (T. Zongipes), and Parry (T. 
parry i) are widely scattered through- 
out Wyoming and many western 
states. The other native clovers col- 
lected, i.e., Andean (T. andinum), 
Hayden (T. haydeni) and dwarf 
(T. nanum) occur on small isolated 
areas and on a limited number of 
sites. The proximate analyses, caro- 
tene content, levels of calcium, 
phosphorus and magnesium for 
many of the native clovers were re- 
ported by Hamilton (1961). The 
comparative mineral composition of 
samples of alsike and longstalk 
clovers collected from identical or 
similar sites was reported by Hamil- 
ton and Gilbert (1968). The proxi- 
mate analyses of alsike, red, straw- 
berry and white clovers can be easily 
found in the literature and is not 
reported here. The National Re- 
search Council (1963 and 1968) pub- 
lished recommended dietary levels 
of mineral elements for adequate 
nutrition of cattle and sheep. 
The mean mineral composition of 
clovers and other livestock forage 
has been compiled by Morrison 
(1959) and National Research Coun- 
cil (1964). To our knowledge, no 
detailed published data are avail- 
able concerning the mineral com- 
posi tioa of these native clovers. The 
literature contains innumerable 
studies of the mineral plant com- 
position of cultivated clovers and 
soil treatments that influence plant 
composition. Jordan (1955) re- 
ported the mineral composition of 
ladino, red (T. pratense) and alsike 
clovers (T. hybridum) frotm several 
Idaho counties. Certain pertinent 
references regarding clover composi- 
tion will be cited in the discussion 
section. 

Methods and Procedures 

Most of the clovers were collected 
at bloom stage from various grow- 
ing sites in Wyoming and along the 
southern boundary of Montana. A 

limited number of early season na- 
tive clovers were collected at late 
bloom or seed stage because of 
travel schedules. The samples were 
collected from the same site gener- 
ally during each of two, and, oc- 
casionally three, successive growing 
seasons. The native clovers collected 
were: Andean, whiproot, hollyleaf, 
Hayden, loagstalk, dwarf and Parry. 
The following introlduced clovers 
were collected: strawberry (T. fragi- 
ferum), alsike, red and white (T. 
repens). The freshly collected sam- 
ples were hand-picked to insure uni- 
formity, washed in distilled water 
and air dried. The dry samples 
were ground to pass through the 
40 mesh stainless steel coated brass 
screen of a Wiley mill. Moisture, 
calcium, phosphorus, magnesium, 
sulfur, cobalt, copper, iroln, manga- 
nese and zinc analyses were made 
using AOAC (1960) methods. Mo- 
lybdenum, sodium and potassium 
were determined using the methods 
of Parks et al. (1943) with slight 
modificatiolns. 

A limited number of unground 
and ground samples were analyzed 
under nearly identical coaditions. 
Slightly higher values for the levels 
of iron, copper, and manganese 
were obtained for the Wiley mill 
ground samples; however, the dif- 
ferences were not of sufficient mag- 
nitude to markedly change the 
values obtained. Most values re- 
ported are the average of duplicate 
analyses of each elf two successive 
yearly samples. Mean values for all 
analyses of each species are reported. 
The range of concentrations for 
each sample is shown except where 
less than four samples were avail- 
able. 

Results and Discussion 

The common name, number of 
samples analyzed, mean values of 
each group of samples and the 
range of sample contents of twelve 
mineral elements are reported in 
Table 1. Since some samples of 
hollyleaf clover were collected at 
bloom stage and some samples col- 
lected at late bloom or seed stage 
the results are reported for each 
stage of growth. 

The calcium content of several 
species of the native clovers, i.e., 
Andean, dwarf, Hayden, hollyleaf, 
and Parry exhibit mean values 
ranging from appreciably higher to 
nearly two times the mean calcium 
contents of the remaining native 
and introduced clovers. The indi- 
vidual calcium contents of hollyleaf 
and Parry samples were extremely 
variable: 1.95 to 5.74%. Soil charac- 
teristics were apparently such that 
the calcium coIntents of certain sam- 
ples of clovers, regardless of species, 
was considerably higher than that of 
comparable samples collected from 
other locations. This is apparent in 
the case of Andean and hollyleaf 
clovers collected from an identical 
site in southwestern Wyoming and 
whiproot and Parry clovers collected 
from two identical sites in the 
Snowy Range Mountains of south- 
ern Wyoming. The calcium levels 
of whiproot clover, while high for 
this species, were considerably lower 
than the levels present in Parry 
clover from the same site, i.e., 2.49, 
3.82; 3.14, 3.70% respectively. In 
general the mean levels and range 
of calcium values for longstalk 
clover and the introduced clovers 
were of comparable magnitude from 
all sites. The overall similar min- 
eral composition of longstalk and 
alsike clovers was previously empha- 
sized by Hamilton and Gilbert 
(1968). Jordan (1955) reported a 
mean calcium content of 1.21% for 
red clover as compared to 1.99% for 
the samples analyzed in this study. 

Phosphorus levels in these clovers 
exhibit a narrow range from 0.22 
to 0.48%. The mean phosphorus 
values of the clovers analyzed ap- 
pear to be adequate to meet the 
National Research Council (1963, 
1968) recommended levels for lac- 
tating cows and ewes. 

Magnesium levels were quite vari- 
able, ranging from 0.22 to 0.97%, 
with most values falling within a 
narrower range of 0.36 to 0.50%. 
However, samples of whiproot and 
Parry clovers growing on soils de- 
rived from dolomite contained mag- 
nesium mean values of 0.80 and 
0.95% respectively. The National 
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Table 1. Common name, number of samples analyzed, and mineral composition of native and introduced 
cl0vers.l 

cormnon Range No. of Ca P Mg Na K S co CU Fe Mn MO Zn 
Name Mean Samples % % % % % % eem pem eem eem eem eem 

Andean 

Dwarf 

Hayden 

Hollyleaf' 

HoZZylea f2 

Hollyleaf 

HoZZyZeaf 

Longstalk 

Longstalk 

Parry 

Parry 

Whiproot 

Wkiproot 

Alsike 

Ahike 

Red 

Strawberry 

White 

Ldzite 

Mean 

Mean 
Mean 

Mean 

Range 

Mean 

Range 

Mean 

Rarzge 

Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean 
Mean 

Mean 

Range 

2 3.84 0.22 

3 3.31 0.27 
2.99 0.33 

3.42 0.34 

2.72 0.29 
4.80 0.42 
2.64 0.33 

2.32 0.29 
3.35 0.48 
1.66 0.38 
1.51 0.37 
2.08 0.42 
3.54 0.33 

1.95 0.28 
5.74 0.39 
2.02 0.31 

1.31 0.27 
3.22 0.38 

13 

13 

11 

11 

16 

16 

12 

22 

2 

13 

13 

1.70 0.35 

1.24 0.32 
2.03 0.45 
1.99 0.25 

1.90 0.26 

1.67 0.37 

1.12 0.32 
2.22 0.43 

Native Clovers 
0.47 0.20 1.65 0.48 1.03 11.4 1299 112 3.21 47.0 
0.70 0.15 2.08 0.51 0.45 12.7 556 109 1.47 39.2 
0.54 0.13 2.02 0.50 0.49 15.2 759 72 2.21 35.1 
0.48 0.13 2.17 0.55 0.30 25.5 805 107 3.38 15.2 

0.31 0.09 1.74 0.32 0.13 16.7 643 87 1.59 7.1 
0.70 0.25 3.49 0.80 0.54 38.6 1093 156 6.59 26.4 
0.49 0.19 2.37 0.38 0.34 24.2 869 93 2.72 21.7 

0.37 0.14 1.67 0.24 0.17 18.6 682 78 1.89 19.6 
0.64 0.27 3.43 0.56 0.52 37.1 1111 131 4.08 27.1 
0.47 0.22 2.69 0.44 0.63 29.9 836 69 4.56 23.5 
0.36 0.11 1.82 0.19 0.23 16.8 385 53 3.00 18.7 
0.54 0.29 4.01 0.76 1.52 49.5 1575 87 6.80 30.6 
0.70 0.17 2.07 0.39 0.53 19.4 420 109 2.20 34.8 

0.41 0.14 1.30 0.25 0.14 17.3 280 67 1.72 15.4 
0.97 0.23 2.99 0.59 1.21 36. 3 652 175 2.80 55.8 
0.46 0.14 1.92 0.46 0.81 14.3 1123 97 2.03 29.7 

0.22 0.12 1.02 0.27 0.35 10.2 322 70 1.30 19.2 
0.80 0.17 2.62 0.81 1.75 21.2 1943 145 2.90 41.4 
Introduced Clovers 
0.45 0.15 2.77 0.35 0.47 13.7 952 115 2.45 24.5 
0.31 0.09 1.83 0.19 0.17 10.1 272 70 1.74 15.6 
0.67 0.26 3.46 0.70 1.24 26.6 3329 245 3.63 40.6 
0.47 0.16 2.07 0.21 0.47 20.6 565 47 2.59 18.3 
0.29 0.21 2.48 0.58 0.33 7.2 937 53 2.55 29.8 
0.42 0.19 2.97 0.33 0.22 17.3 560 121 2.89 30.5 
0. 35 0.11 2.67 0.26 0.09 11.5 222 72 2.05 16.4 
0.58 0.40 4.12 0.51 0.73 23.8 927 250 4.83 44.6 

lValues calculated on oven-dry weight. 
2 Seed stage. All others bloom stage. 

Research Council (1964) reports 
mean magnesium values of 0.32, 
0.45, and 0.32% for alsike, red, and 
white clovers, respectively, as com- 
pared to values of 0.45, 0.47, and 
0.42% found in this study. Svanberg 
and Ekman (1946) reported some- 
what lower mean magnesium levels 
of 0.34 and 0.32% for samples of red 
and alsike clovers grown in Sweden. 

The mean sodium levels in the 
samples varied within rather narrow 
limits of 0.13 to 0.22%. Only a few 
individual sample values were out- 
side this range. Potassium levels 
present on the other hand are quite 
variable ranging from 1.02 to 4.12%. 
The mean levels, of potassium found 
in the introduced clover samples 
compare favorably with mean values 
reported by the Natioaal Research 
Council ( 1964). 

The level of sulfur present in the 
clover samples analyzed ranged from 
0.19 to 0.81%. In most instances the 
sulfur values found in this, study are 
considerably higher than levels of 

0.19 and 0.14% for air-dry alsike and 
red clover hays reported by Motrri- 
son (1959). 

The cobalt contents of the native 
and introduced clover samples are 
in general higher than anticipated 
and extremely variable. The range 
of cobalt levels is 0.09 to 1.75 ppm 
with most samples falling within 
the 0.20 to 1.00 ppm range. The 
species of introduced clovers had 
lower mean values with a range of 
0.22 to 0.47 ppm, than did most of 
the native clovers. It appears that 
a special variation exists in the 
ability to accumulate cobalt since 
Andean and hollyleaf samples col- 
lected at the same time, from the 
same site and at similar stages of 
growth colntained cobalt mean 
values of 1.03 and 0.22 ppm respec- 
tively. Hill et al. (1953) reported 
low (0.04), average (0.14) and high 
(0.31) ppm levels of cobalt in red 
clover plants growing on different 
New Jersey soils. This compares 
with a mean value of 0.47 ppm co- 

balt for the red clover samples re- 
ported here. On nearly all ranges 
clovers provide only a fraction of 
the total daily intake of forage and 
even though the cobalt levels pres- 
ent in some of the clovers’ were 
quite high, cobalt toxicity problems 
would not be anticipated. Under- 
wood (1962) reports that a very wide 
margin od safety exists between the 
quantities of cobalt necessary to ful- 
fill the nutritional requirements of 
sheep and cattle and the toxic limits. 
The minimal dietary requirements 
according to the National Research 
Council (1963, 1968) are 0.07 ppm 
cobalt for sheep and cattle. 

Sample levels of copper exhibited 
a rather wide range, 7.0 to 49.5 ppm 
with a range of mean values of 7.2 
to 29.9 ppm. Andean and hollyleaf 
clovers collected from the same site 
in southwestern Wyoming as men- 
tioned above had mean values of 
11.4 and 34.0 ppm which is in direct 
contrast to the levels of cobalt pres- 
ent in these samples. The National 
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Research Council (1964) reports 
copper levels elf 11.9 ppm fo,r white 
clover, 15.0 ppm for red clover and 
6.0 ppm for alsike as compared to 
values of 17.3, 20.6 and 13.7 ppm re- 
spectively for these species analyzed 
in the present study. 

The iron contents of the clover-s 
were extremely variable with some 
unexpectedly high values. Iroin up- 
take of plants is apparently influ- 
enced by many facto,rs other than 
species and varietal differences: 
The iron levels in the clover sam- 
ples varied from 222 to 3329 ppm. 
Andean had a high mean level of 
1299 as compared to 761 ppm for 
hollyleaf from the same area. The 
two samples of alsike clover grow- 
ing on a red soil in southern Wyo- 
ming had a mean content of 3278 
ppm of iron. Whiproot samples col- 
lected at an elevation of 11,700 feet 
had a mean iron value of 1023 as 
compared to 643 ppm of iron for 
Parry clover collected from the same 
site. The soil of this site had a pH 
of 5.4. On other common growing 
sites the mean iron values for Parry 
and whiproot clovers were: 256 and 
950; 298 and 1045; 321 and 506 
ppm respectively. Other samples of 
clovers collected from identical sites 
exhibited species differences in their 
ability to accumulate iron. 

The mean manganese levels 
varied from 47 to 121 ppm with in- 
dividual sample values of 39 to 250 
ppm. While the manganese levels 
were extremely variable, no species 
differences were noted. The highest 
manganese contents were 245 and 
250 ppm found in alsike and white 
clovers collected at the Mud Vol- 
cano area in Yellowstone National 
Park. The manganese content of 
the soil was 159 ppm, and the pH 
of the soil of this site was 4.2, the 
lowest of any collection area. White 
clover collected in Norris Geyser 
Basin, another thermal area of Yel- 
lowstone National Park, had a man- 
ganese content of 227 ppm in soil 
containing 307 ppm of manganese 
and a pH of 4.3. Alsike and white 
clover samples growing on soil with 
1537 ppm of manganese and a pH 
of 6.4 had manganese levels of 75 

and 95 ppm, respectively. Kurmies 
and Zezschwit (1952) found no re- 
lationship between the manganese 
content of hay and the amount 
present in the soil. They folund that 
plants from neutral or alkaline soils 
had the lowest and tholse grown on 
acid soils the highest manganese 
content. Our results in general cor- 
robotrate their findings. 

The molybdenum contents of the 
samples varied from 1.30 to 6.80 
ppm. Longstalk, hollyleaf (seed 
stage) and Andean had the highest 
mean values of 4.56, 3.38 and 3.21 
ppm, respectively. The soil from 
which the Andean and hollyleaf 
clover (seed stage) was collected had 
mean values of 4.27 ppm of molyb- 
denum and a pH of 8.1. The holly- 
leaf clover (seed stage) collected 
from another area had a mean mo- 
lybdenum content of 6.24 ppm and 
the soil had a pH of 8.2. The mean 
molybdenum contents of 2.89 ppm 
fo’r white clover and 2.45 ppm folr 
alsike clover and 2.55 ppm for straw- 
berry clover compare to ranges of 
values of 3-5 and 4-5 ppm mollyb- 
denum reported by Barshad (1948). 
Barshad found soil molybdenum 
contents elf 0.5 to 10.0 ppm oE which 
about 60% was water sosluble and 
available in solils of pH 8.0. He 
found that young plants were more 
toxic to cattle even though the mo- 
lybdenum content of the plants in- 
creased with age. His research indi- 
cated that cattle suffered no toxic 
effects unless the molybdenum level 
was above 10 ppm. All of the 
clovers in the present study, while 
carrying higher than anticipated 
molybdenum levels could be safely 
consumed by both cattle and sheep. 

Zinc content was fairly high and 
not extremely variable with an 
overall range of 7.1 to1 55.8 ppm. 
Andean had the highest mean level 
of 47.0; with lower values in dwarf, 
39.2; Hayden, 35.1; and Parry, 34.8 
ppm of zinc. The mean values folr 
Hayden and Parry clovers were 
quite high. The individual samples 
were extremely variable indicating 
non-species factors such as level of 
soil zinc, soil pH, presence of other 
elements, and other factors that may 

influence uptake of zinc. The Na- 
tional Research Council (1964) re- 
ports mean zinc levels of 60.2 in 
alsike and 17.2 ppm in red clover as 
compared to mean levels of 24.5 and 
18.3 ppm respectively in similar 
samples of this study. 

Our study of the mineral com- 
position of certain native and intro- 
duced clovers indicates the wide 
variability in the levels of mineral 
elements accumulated. Samples of 
all species contain sufficient levels 
to render them nutritionally excel- 
lent forages for sheep, cattle and 
game animals. Their overall proxi- 
mate analyses along with their 
mineral composition, relative abun- 
dance, high level of digestibility, 
and high palatability make them ex- 
tremely valuable range plants. Live- 
stock men should strive to increase 
the carrying capacity of their ranges 
by seeding, soil treatment, water 
conservation, controlled grazing, 
and other practices to increase the 
production of both native and in- 
troduced clovers. 
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TECHNICAL NOTES 

A Rapid Method for Washing 
Roots1 

WILLIAM K. LAUENROTH 
AND WARREN C. WHITMAN 

Graduate Research Assistant and Pro- 
fessor of Botany, North Dakota State 

University, Fargo. 

Highlight 

The use of a system consisting of 
two sieves and a pail with a spout 
on it greatly facilitates washing soil 
material from roots. Washing into the 
first sieve can be continued until all 
visible soil material is removed. The 
capacity of the system was 150 to 180 
samples per eight hour day. The 
major soil type on the sampling area 
was a Flasher loamy fine sand. 

The lack of quantitative informa- 
tion about the production of under- 
ground plant parts has seriously im- 
paired attempts to understand primary 
productivity of native vegetation. It 
has been known for quite a while 
that a large proportion of the energy 
fixed in photosynthesis is transferred 
to root systems, but few researchers 
have reported quantitative estimates. 
An important reason for the lack of 
this information is that root samples 
require a larger amount of time to 
process than do aboveground samples. 
Upon examining the processing time, 
the largest part of it is spent removing 

lReceived October 24, 1970; accepted 
for publication November 3, 1970. 

FIG. 1. One-gallon can, three-gallon pail, 
and sieves showing washing position. 

FIG. 2. Washing system with sieves and 
pails in position. Washing pressure is 
controlled by adjusting the nozzles above 
the cans. 

the roots from the soil material. Any 
method that can reduce the time re- 
quired to wash the samples will greatly 
facilitate collections of a large enough 
number of samples to give reliable 
estimates of root production. 

This report describes a rapid method 
of washing roots. The method has 
been employed successively on samples 
taken from a mixed grass prairie in 
western North Dakota. The major soil 
type on the site was Flasher loamy fine 
sand which averaged 84% sand to a 
depth of four feet. 

The method involves placing the 
sample in a one-gallon can (Fig. 1) 
that has a sieve (40 mesh) soldered on 
the lower end. The one-gallon can is 
positioned on top of a three-gallon 
pail by means of two % inch wire sup- 
ports. The spout of the three-gallon 
pail is positioned over a sieve (32 
mesh) that will collect the washed roots. 
A series of these units are placed on a 
table (Fig. 2) that has a center slot 
which is notched to hold the 32 mesh 
sieves. Beneath the slot is a trough 

which carries away waste water. Water 
is supplied through l/z inch garden hose 
and 1/ inch galvanized pipe. 

The washing procedure is as follows. 
A stream of water from the nozzle is 
directed into the one-gallon can di- 
rectly onto the soil core and is con- 
tinued until all the soil materal has 
been separated from the roots. The 
one-gallon can is then turned over and 
its contents, large soil particles and 
and roots, are washed into the three- 
gallon pail. The soil particles are 
allowed to sink and the roots are 
then either decanted or washed into 
the 32 mesh sieve. 

The system was designed to have one 
or more persons operating on the wash- 
ing side and one person removing the 
roots from the sieves and placing them 
in bags. A minimum amount of train- 
ing is necessary for either job. With 
three persons working using four units 
the capacity of the system was 150 to 
180 samples per eight hour day. The 


