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ABSTRACT

Barley (Hordeum vulgare L. emend Lam.) pasture 
forages produced on tailing, overburden, and desert soil 
materials contained more fiber than did barley forage grown 
on tailing-overburden. In 1971 and when the 1971 and 1972 
data were combined, the protein percentage was signifi
cantly higher in forage produced on tailing-overburden than 
it was in forages grown on the other soil materials. Protein 
percentages were similar in 1972.

In 1971 and 1972, forages produced on the four soil 
materials were similar in alanine, cystine, and phenyl
alanine content and when the data from both years were 
combined there was no difference in glutamic acid and 
methionine content. In 1971, glutamic acid content was 
higher in barley forage grown on tailing-overburden than it 
was in forage grown on the other three soil materials. 
Aspartic acid and methionine contents were highest in forage 
grown on desert soil and lowest in forage grown on tailing 
soil materials in 1972. When the data were combined, 
aspartic acid content was highest in forage produced on 
tailing-overburden and lowest in forage grown on tailing.

Barley pasture forage produced on tailing-overburden 
had a higher general livestock feeding value than did forage

vi



vii
grown on copper mine tailingsr overburden, or desert soil 
material.



INTRODUCTION

Pollution problems exist throughout the world, and 
especially in highly industrialized countries like the 
United States. Mineral wastes constitute a significant 
proportion of the sources of environmental pollution (20).
As new areas become industrialized, there is more need for 
minerals, and as prospecting for minerals increases, the 
disposal of wastes from mining operations is likely to take 
much of the land which should otherwise be useful for agri
culture, urban extensions, or as recreational areas. Fine
sized particles from mineral wastes occur in the atmosphere, 
polluting air and fresh water sources and producing adverse 
effects on crops. Environmentalists are exerting strong 
pressures on governments and industrial establishments to 
reduce present and future pollution (8, 18).

Experiments on vegetation establishment carried out 
in various places have shown that it is possible to grow 
different kinds of vegetation on mine wastes (9, 14, 27, 32, 
36, 48). These waste disposals occupy vast areas of land 
which may be useful to man once they have been stabilized. 
Stabilized copper mine tailing berms may be used to produce 
forage crops for livestock feed. If forage crops grown on 
tailing are to be used for animal feed their nutritional
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quality must be high enough to justify their establishment 
and production.

Research at Pima Mining Company, Tucson, Arizona, 
has show that wind and water erosion on copper mine tailing 
disposal berms can be reduced by vegetation (14). The 
purpose of this research was to investigate the influence of 
four soil materials in copper mine tailing berms on total 
fiber, total protein, and amino acid content of barley 
plants grown for livestock forage.
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LITERATURE REVIEW

Extent of the Problem
Problems caused by mineral wastes have been ob

served in various ways. Mitchell (32) noted that giant 
machinery used in strip mining left rugged terrain with huge 
scars and man-made mountains of overburden that presented 
landscaping tasks. Reiss (36) classified the problems as 
(a) aesthetic— defacing the landscape, (b) sociological—  
driving people off the land, and (c) disruption of normal 
economics of the land. The real challenge was to reclaim 
the land and still keep the cost down. He noted that there 
were chemical and physical limitations to the kind of agri
culture that might be feasible on reclaimed land. Considera
tion could also be given to the establishment of industrial 
sites, residential areas, and recreational development.
Brian, Kennedy, and Bryer (9) reported that tailing did not 
contain harmful ingredients but only lacked necessary 
nutrients for growing plants. The Canadian Advisory 
Committee on Rock Mechanics stated that since tailing dykes 
and waste dumps will remain for many centuries, they should 
be regarded and designed as engineering structures (8).

3



Pollution from Mineral and other 
Industrial Wastes

4

LeRoy and Keller (27) grouped wastelands resulting 
from mining operations into two classes: (a) wasteland
resulting from strip and surface mining consisting of sub
soil , glacial till, alluvium, and fragmented shales, the 
reclamation of which required straightforward agriculture; 
and (b) wasteland resulting from the accumulation of tailing, 
the reclamation of which required specialized cultural 
practices. Mine tailing is vulnerable to gully erosion and 
wind action and it requires expensive stabilization pro
cedures (21). LeRoy and Keller (27) stated that tailing 
remained sterile, unaesthetic, and a source of air and water 
pollution, until it was stabilized.

Man's environment has been polluted by different 
kinds of waste from industrial operations (20). Brandt (7) 
noted that agriculture may be adversely affected by air 
pollution. Noble and Wright (34) found that smog pollution 
from the city of Los Angeles covered an area of 100 square 
miles. Taylor (43) reported that both synthetic and natural 
smog suppressed the growth of many plants including tree 
crops which had been thought to be resistant to visible smog. 
He concluded that the suppression of growth without visible 
injury was due to temporary inhibition of metabolic pro
cesses. Damage done to crops by smog and monetary losses 
from it in Los Angeles and San Francisco between 1949 and
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1956 has been estimated at millions of dollars each year 
(44). Air pollutants, such as sulphur dioxide and fluorides, 
have injured crop plants and other indicator species in 
California (10, 44).

Vegetative Stabilization of Mineral
Wastes

LeRoy and Keller (27) reported in 1972 that little 
was known about effective, efficient, and economic measures 
available for rehabilitating mined lands. Mitchell (32) 
stated that reclamation of strip-mined land by re-vegetation 
was a continual program that transformed wastelands into 
green hills.

One of the aims of reclamation of mined wasteland 
was to establish a permanent self-sustaining and maintenance- 
free vegetation (27). Sometimes it was necessary to plant 
trees around the perimeter of the area being reclaimed to 
serve as a wind-break (21). Reiss (36) stated that if 
grasses and legumes can be made to grow on mined lands along 
with large quantities of water which can be impounded they 
would serve as the basic ingredients for viable cattle enter
prises. LeRoy and Keller (27) recorded that in the coal 
fields of Saxony, West Germany, land which had been mined 
had been completely rehabilitated and returned to urban, 
agricultural, and other uses.

Grasses, legumes, and grass-legume mixtures have been 
successfully used for re-vegetation of mined wastelands (9,
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14, 27, 48). Brian et al. (9) reported the use of aerial 
seeding methods in which a mixture of grasses, legumes, and 
fertilizers were sprayed over the mined area from a plane.
To insure the survival of the mixture the leguminous seeds 
were treated with symbiotic bacteria. Climatic conditions 
strongly influenced the establishment of vegetation on mine 
wastes (9, 27, 48).

Mitchell (32) stated that the cost of reclamation 
was very high and that it was a long process. Large amounts 
of lime, fertilizers, and seeds were required to stabilize 
mine wastes (21, 48). Re-vegetation of mine dumps usually 
required the addition of top soil, fertilizer, organic 
matter, lime, and supplemental irrigation water (18).

Quality of Feeds and Pasture Forages
Morrison (33) stated that proteins are important in 

livestock feeding because they are essential for life. 
Salisbury and Ross (38) noted that enzymes are composed of 
protein parts. Crampton (11) stated that protein serves 
both as a source of energy and as an index of the total amino 
acid content of the feed. Salisbury and Ross (38) stated 
that the size of the protein molecule depends on the number 
and kinds of amino acids that it contains. Amino acids in 
the proteins are held together by peptide linkages and the 
amphoteric properties of proteins are due to the acidic and 
basic properties of amino acids. They noted that protein
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synthesis occurs fastest in rapidly developing organs and 
plant parts; they believed that protein synthesis and 
protein breakdown took place simultaneously.

Crampton (11) defined crude fiber as that portion of 
the total carbohydrates in feeds that was resistant to 
successive boiling with dilute alakali and dilute acid. Van 
Soest and Wine (46) defined fiber as the insoluble organic 
matter not digestible by animal enzymes, which cannot be 
utilized except by microbial fermentation in digestive 
tracts. Morrison (33) stated that amino acid requirements 
of ruminants were simpler than amino acid requirements of 
non-ruminants. Bacteria in the rumen digest fiber and 
synthesize complex proteins. He noted that feeding experi
ments with swine and poultry had shown that pasture could 
satisfy amino acid deficiencies in cereal grain proteins.

Estimations of Feed Quality
Protein quality of forages and other feeds has been 

estimated by actual feeding experiments in which growth 
response of animals was used as an index of protein quality 
(33). Recent evaluations were based on the determination of 
the protein content of feed (29, 33). Nitrogen percentage 
was determined and multiplied by 6.25 to obtain total protein 
content. McMullan (30) outlined the procedure for deter
mining nitrogen percentage in plant materials using the 
Micro-Kjeldahl method. Inaccurate determinations of protein
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resulted from this method because of variation in the 
nitrogen content of proteins from different materials and 
because the determination included all nitrogenous compounds 
(11, 29, 33). Maynard and Loosli (29) listed some of the 
non-protein nitrogen compounds in feeds as amides, amino 
acids, nitrogenous glucosides, fats, alkaloids, and ammonium 
salts. Crampton (11) stated that this method is still a 
satisfactory index by which to express the need for addi
tional protein in livestock rations.

The determination of specific amino acids in feeds 
has been carried out by microbiological methods (29, 33). 
These authors discussed the use of two-directional paper 
chromatography for amino acid determination. Klein and 
Klein (25) and Salisbury and Ross (38) outlined the pro
cedure for the use of the paper chromatography method. 
Maynard and Loosli (29) pointed out that the process of 
hydrolysis broke up the protein into specific amino acids 
and that this process might destroy some of the amino acids.

The fiber content of plant materials has been 
determined by successive boiling with weak alkali and weak 
acid (29, 33). This method removed proteins, sugars, and 
starch, leaving cellulose, other polysaccharides, and some 
minerals. Van Soest and Wine (46) described the procedure 
for the use of neutral detergents in the determination of 
fiber content of feed. They found that the pH of the
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detergent solution and the reflux time influenced fiber per
centage.

Factors Influencing Protein. Amino Acid, 
and Fiber Content

Miller et al. (31) found variations ranging from 6.6 
to 12.8% in 1961 and from 5.9 to 12.1% in 1962 in protein 
content of sorghum (Sorghum vulgare Pers.) grains grown at 
different locations in Kansas. Schmidt (39) showed that 
applied nitrogen fertilizer was most effective in increasing 
nitrogen content in plant material and highest yields of 
both diy matter and nitrogen were obtained when oats (Avena 
sativa L.) were harvested at maturity. Stitt (42) found that 
fertilizer increased the growth of crested wheat grass (Agro- 
pyron desertorum Fisch.) but lowered its protein content, 
while Russian wildrye (Lolium perenne L.) was the only grass . 
in which fertilizer application increased protein content. 
Grasses grown without supplemental nitrogen produced less 
forage than other grass combinations, and grasses grown in 
combination with legumes were higher in protein content than 
grasses grown alone (42, 45).

Rumburg, Wallace, and Raleigh (37) investigated the 
influence of nitrogen on seasonal production of dry matter 
and nitrogen accumulation from meadows consisting of meadow 
barley (Hbrdeum brachyantherum Neveski), Nevada bluegrass 
(Pao nevadensis Vasey ex Schribn.), beardless wildrye 
(Elymus triticoides Buck.). rushes (Juncus spp.), and sedges
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(Carex spp.). They concluded that total dry matter.produc
tion was highest and total nitrogen content in forage was 
lowest during the early stages of plant growth. Smith (40) 
found that protein percentage in oat forage increased 
steadily until the seeds were ripe and that a high propor
tion of the yield of protein per acre was produced at the 
early dough stage, which was the best stage to harvest hay 
and silage. He found that fiber content increased rapidly 
during early stages of growth until head emergence, when it 
started decreasing slowly. He suggested that the continuous 
increase in nitrogen free extract (NFE) from early growth to 
maturity was responsible for the increase in fiber content 
during this period. Webster (47) and Owen and Webster (35) 
found that protein content of forage sorghums decreased with 
maturity. There was 14.5% change in protein level between 
the bloom and mature stages. Austenson (5) observed the 
following protein percentages in forage grasses at first 
cutting: timothy (Phleum pratense L.), 18%; orchardgrass
(Dactylis qlomerata L.), 16.3%; perennial ryegrass (Lolium 
perenne L.), 14.2%; and tall fescue (Festuca arundinacea 
Schreb.), 14.1%.

Day (12) found that protein content in irrigated 
malting barley ranged from 9.4 to 11.9% while Arivat barley 
averaged 10.3% protein. Day, Vavich, and Tucker (16) found 
that protein content of barley forage grown on control plots 
was 11.12% while it was 20.03% for plots that had received
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sewage effluent. Digestible laboratory nutrients (DLN) were 
12.1% and 71.1% in control plots and in plots that received 
sewage effluent, respectively. They stated that barley 
forage grown with sewage effluent contained approximately 
the same amounts of protein and DLN as did forage irrigated 
with well water and fertilized with equivalent amounts of 
nitrogen, phosphate, and potash from commercial fertilizers. 
In another experiment. Day, Vavich, and Tucker (15) reported 
that the protein content of oat forage was 12.74% on control 
plots and 22.09% on plots that received sewage effluent. The 
DLN percentages in the forage were 77.5% and 74.0% on the 
control plots and plots that received sewage effluent, 
respectively. They concluded that the response of barley to 
sewage effluent when grown for pasture forage was similar to 
that obtained from oats. Day, Vavich, and Tucker (17) found 
that the protein content of barley hay was 6.26% on control 
plots and 9.32% on plots which received sewage effluent. The 
DLN in barley hay was 67.2% and 69.8% from control plots and 
from plots that received sewage effluent, respectively.

Anderson and Kemper (3) investigated the effect of 
soil aggregate stability, soil temperature, and moisture on 
growth of corn (Zea mays L.). Highest yields were obtained 
at intermediate levels of aggregate stability. They con
cluded that lighter soils had a lower root to soil particle 
contact, which reduced the uptake of plant nutrients more 
than did heavier soils. Laws (26) found that the aggregation
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of medium- and fine-textured soils by the addition of 
soluble silicates improved crop yields. Hagin (23) reported 
that coarse soil aggregates produced greater plant growth 
than was produced by finely aggregated soil. He suggested 
that low yields at low aggregate stability levels might be 
due to poor soil aeration.

Abrol et al. (1) found that in one strain of wheat 
(Triticum aestivum L.) high fertilizer levels increased 
glutamic acid, proline, phenylalanine, and leucine contents 
and decreased lysine, valine, and threonine. In another 
strain, fertilizer induced increases in glutamic acid, 
leucine, and proline and decreased threonine, cystine, 
isoleucine, and tyrosine. Barker and Bradfield (6) found 
that increasing the nitrogen fertilizer supply to corn plants 
increased total amino acid content in the plant material.

Griffith, Teel, and Parker (22) showed that high 
nitrogen and low potassium fertility resulted in asparagine 
accumulation in orchardgrass. Jung et al. (24) found that 
in sudangrass (Sorghum vulgare var. Sudanense) amino acid 
levels decreased from the early vegetative to the full- 
bloom stage of growth. They reported that the concentrations 
of crude protein and amino acids and the digestibility of 
protein were increased by the addition of nitrogen 
fertilizer.

Although literature is full of reports of the effects 
of environment, stage of growth, fertilizer treatments, etc. ,
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on crop quality, the author did not find any reported cases 
of protein, amino acids, and fiber content of barley forage 
or forage from similar crops grown on copper mine tailing
berms.



MATERIALS AND METHODS

Experiments were conducted over a two-year period 
(1971 through 1972) at Pima Mining Company, Tucson, Arizona, 
to compare the total fiber, total protein, and amino acid 
content in pasture forage from barley grown on four soil 
materials in copper mine wastes. The four soil materials 
consisted of bailing, tailing-overburden, overburden, and 
desert soil. Tailing is the waste material from the copper 
ore concentration process. Overburden is the non-ore 
material located above a copper ore deposit. Tailing- 
overburden consists of a mixture of tailing and overburden. 
Desert soil material is the undisturbed soil found in a semi- 
arid environment (28).

The experimental design was a randomized complete 
block with four replications. The replications were 
arranged horizontally along each berm containing each soil 
material so as to insure adequate sampling of each soil 
treatment. A smooth, loose seedbed was prepared on a 1.5 to 
1 tailing berm slope in each soil material using a "side
winder" and a "sheepfoot roller." Approximately 13 ha-cm/ha 
of irrigation water was sprinkled over the area prior to 
planting. Twenty-nine kg/ha of elemental nitrogen was 
applied in the pre-planting irrigation. "Arivat" barley 
was broadcast planted by hand at the rate of 112 kg/ha in

14
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December each year. Immediately after planting, 112,000 
kg/ha of barley straw was applied to the experimental area. 
Following the straw application, 19 kg/ha of elemental 
nitrogen was applied in 6 ha-cm/ha of irrigation water. 
Additional irrigation, fertilizer application, and cultural 
practices were as suggested for barley pasture forage in 
Arizona (2, 13, 19). Approximately 24.7 ha-cm/ha of irriga
tion water was required to produce barley pasture forage.
The forage was harvested at the jointing stage of growth 
with a hand sickle 3 cm above the soil level in March of the 
following year.

The author's thesis research began at this point and 
was conducted in 1972 and 1973. The oven-dried plant 
materials were ground with a Wiley Mill, Standard Model No.
3, with screen no. IEC 80559 (6 holes/cm in each direc
tion). The following data were obtained from the ground 
samples: (a) total fiber according to the technique described 
by Van Soest and Wine (46), (b) total protein using the 
micro-Kjeldahl method for total nitrogen determination (4), 
and (c) amino acid content by two-directional paper 
chromatography as described by Klein and Klein (25). The 
data were analyzed using the standard analysis of variance 
and means were compared using Student-Newman-Keul1s test as 
described by Steel and Torrie (41).



RESULTS AND DISCUSSION

Average total fiber percentages in barley pasture 
forage grown on four soil materials as Pima Mining Company, 
Tucson, Arizona, in 1971 and 1972 are presented in Table 1. 
Barley forage grown on tailing-overburden contained less 
fiber than did forage produced on tailing and overburden 
soil materials in 1971. Forage grown on tailing, overburden, 
and desert soil materials contained similar amounts of fiber. 
Fiber in forage grown on tailing-overburden was similar to 
fiber in forage produced on desert soil material. In 1972, 
barley forage grown on the four soil materials contained 
similar amounts of fiber. When the 1971 and 1972 data were 
combined forage grown on tailing-overburden contained less 
fiber than did forage grown on the other three soil materials. 
Forage grown on tailing, overburden, and desert soil 
materials contained similar amounts of fiber.

In 1971 and when the 1971 and 1972 data were combined 
barley pasture forage grown on tailing-overburden contained 
a higher concentration of protein than did forage grown on 
the other three soil materials (Table 2). Average protein 
percentages in forage grown on tailing, overburden, and 
desert soil materials were not different at the 5% level of 
significance. No significant difference in protein per
centage was observed in barley forage grown on the four soil

16
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Table 1. Average total fiber in oven-dry pasture forage

from Arivat barley grown on four soil materials at 
Pima Mining Company, Tucson, Arizona in 1971 and 
1972.

Soil material
Total fiber in %

1971 1972 1971-72 average
Tailing 63 b* 61 a 62 b
Tailing & overburden 57 a 58 a 58 a
Overburden 61 b 60 a 61 b
Desert 60 ab 59 a 60 b

*Means in the same column followed by the same 
letter are not statistically different at the 5% level of 
significance.

Table 2. Average total protein in oven-dry pasture forage
from Arivat barley grown on four soil materials at. 
Pima Mining Company, Tucson, Arizona in 1971 and 
1972.

Soil material
Total protein in %

1971 1972 1971-72 average
Tailing 12 a* 13 a 13 a
Tailing & overburden 20 b 19 a 19 b
Overburden 12 a 13 a 13 a
Desert 14 a 15 a 14 a

*Means in the same column followed by the same 
letter are not statistically different at the 5% level of 
significance.
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materials in 1972. The observed protein contents in barley 
forages grown on tailing, overburden, and desert soil 
materials were slightly higher in 1972 than they were in 
1971.

The higher protein and lower fiber percentages in 
barley pasture forage grown on tailing-overburden suggest 
that tailing-overburden was the most suitable soil material 
in copper wastes in which to grow barley for high quality 
forage. Nitrogen and other plant nutrients essential for 
protein synthesis might have been more available to barley 
plants grown on tailing-overburden than they were to plants 
grown on tailing, overburden, and desert soil materials.
The combination of porous tailing and bulky overburden in 
the formation of tailing-overburden may have resulted in a 
more favorable soil environment for root growth and nutrient 
absorption than was present in the other soil materials 
studied. These results were in agreement with observations 
made by Anderson and Kemper (3) and Hagin (23). Anderson 
and Kemper stated that less dense soils (as may be true of 
the tailing) caused less root to soil particle contact and 
reduced nutrient uptake by plants. Hagin observed that low 
yields at low aggregate stability (as may be true in the 
overburden) might be due to less than optimum aeration. The 
slight increases in protein and decreases in fiber in 
forages grown in tailing, overburden, and desert soil 
materials in 1972 indicate that small additions of organic
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matter from the 1971 crop to the three soil materials may 
have improved their texture and water holding capacity. 
Protein percentages in barley forage produced on tailing- 
overburden compared favorably with protein contents in 
similar forage crops that received sewage effluent in 
experiments conducted by Day et al. (15, 16).

Amino acid concentrations-in barley pasture forage 
grown on the four soil materials in 1971 and 1972 are 
presented in Tables 3, 4, and 5. Forages grown on tailing, 
tailing-overburden, overburden, and desert soil materials in 
1971 contained similar amounts of alanine, aspartic acid, 
cystine, methionine, and phenylalanine. Glutamic acid 
content was highest in barley forage produced on tailing- 
overburden. Forages grown on tailing, overburden, and desert 
soil materials were similar in glutamic acid content. In 
1972, alanine, cystine, glutamic acid, and phenylalanine 
contents in barley forages grown on the four soil materials 
were similar. Forages produced on tailing, tailing- 
overburden, and overburden contained similar amounts of 
aspartic acid. Aspartic acid content was highest in barley 
forage produced on desert soil material and did not differ 
significantly from the aspartic acid content of forage 
grown on tailing-overburden. Methionine content was lowest 
in barley grown on tailing and highest in barley grown on 
desert soil material. Forages produced on tailing-overburden 
and overburden were similar in methionine content. When the



Table 3. Average total alanine, aspartic acid, cystine, glutamic acid, methionine, 
and phenylalanine in oven-dry pasture forage from Arivat barley grown on 
four soil materials at Pima Mining Company, Tucson, Arizona in 1971.

Soil
material

Alanine 
(mg/g)

Aspartic 
acid 
(mg/g)

Cystine 
(mg/g)

Glutamic 
acid 
(mg/g)

Methionine 
(mg/g)

Phenylalanine 
(mg/g)

Tailing 5.17 a* 1.91 a 3.90 a 5.45 a 2.06 a 4.04 a
Tailing & 
overburden 7.87 a 6.30 a 10.43 a 13.92 b 4.04 a 12.44 a
Overburden 6.35 a 3.89 a 6.04 a 6.87 a 2.04 a 6.77 a
Desert 7.24 a 2.99 a 11.28 a 4.51 a 2.36 a 9.32 a

*Means in the same column followed by the same letter are not
statistically different at the 5% level of significance.



Table 4. Average total alanine, aspartic acid, cystine, glutamic acid, methionine, 
and phenylalanine in oven-dry pasture forage from Arivat barley grown on 
four soil materials at Pima Mining Company, Tucson, Arizona in 1972.

Soil
material

Alanine
(mg/g)

Aspartic 
acid 
(mg/g)

Cystine
(mg/g)

Glutamic 
acid 
(mg/g)

Methionine 
(mg/g)

Phenylalanine 
(mg/g)

Tailing 4.94 a* 0.98 a 6.08 a 5.83 a 0.73 a 5.24 a
Tailing & 
overburden 6.95 a 3.89 ab 10.04 a 2.67 a 2.47 ab 10.00 a
Overburden 6.29 a 2.10 a 4.63 a 4.84 a 2.05 ab 7.91 a
Desert 7.06 a 5.55 b 7.15 a 8.45 a 4.75 b 11.41 a

*Means
statistically

in the same column 
different at the 5%

followed 
level of

by the same 
significance

letter are not



Table 5. Average total alanine, aspartic acid, cystine, glutamic acid, methionine, 
and phenylalanine in oven-dry pasture forage from Arivat barley grown on 
four soil materials at Pima Mining Company, Tucson, Arizona in 1971 and 
1972 (2-year average).

Soil
material

Alanine 
(mg/g)

Aspartic 
acid 
(mg/g)

Cystine 
(mg/g)

Glutamic 
acid 
(mg/g)

Methionine
(mg/g)

Phenylalanine 
(mg/g)

Tailing 5.06 a* 1.46 a 4.99 a 5.64 a 1.40 a 4.65 a
Tailing & 
overburden 7.41 a 5.22 b 10.24 a 8.30 a 3.25 a 11.24 a
Overburden 6.33 a 2.99 ab 5.34 a 5.86 a 2.05 a 7.34 a
Desert 7.15 a 4.27 ab 9.22 a 6.48 a 3.56 a 10.37 a

*Means in the same column followed by the same letter are not
statistically different at the 5% level of significance.
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1971 and 1972 amino acid data were combined forages grown on 
all soil materials were similar in alanine, cystine, 
glutamic acid, methionine, and phenylalanine contents. 
Aspartic acid content was highest in forage grown on tailing- 
overburden and lowest in forage grown on tailing. Barley 
forage produced on overburden and desert soil materials 
were similar in aspartic acid content and. their aspartic 
acid contents did not differ significantly from the aspartic 
acid contents of forages produced on tailing or tailing- 
overburden.

Traces of amino acids found in barley pasture forage 
produced on copper mine wastes included glycine, lysine, 
serine, and threonine.

Observed differences in amino acid concentrations in 
the barley pasture forage may also be partially explained in. 
terms of differences in the availability of nutrients to the 
barley plants. Nutrients necessary for amino acid synthesis 
may have been more available to plants grown in tailing- 
overburden and desert soil materials than they were to plants 
grown in the other two soil materials. Methionine and 
phenylalanine, two of the essential amino acids for animal 
growth, were present in barley forage grown on copper mine 
wastes. Phenylalanine concentrations were highest in forage 
produced on tailing-overburden and desert soil materials.
This amino acid is needed for the formation of its hydroxy 
compound, tyrosine. Phenylalanine and tyrosine are the sole
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precursors of the hormones thyroxine and adrenalin (29). 
Methionine is essential for growth of livestock and it 
provides the sulphur necessary for cystine synthesis. 
Glutamic acid can serve as a substitute for arginine in 
livestock diets. It can provide the amino group necessary 
for the synthesis of non-essential amino acids (29). Cystine 
concentration was highest in forages grown on tailing- 
overburden and desert soil materials and it partially 
satisfies the need for methionine in the diet of animals 
(33).

Data from these experiments suggest that continued 
cultivation of copper mine wastes with improved cultural 
practices may yield high quality forage for animal feed.
The occurrence of two essential amino acids and high con
centrations of other amino acids in forages produced on 
tailing-overburden and desert soil materials indicates that 
these soil materials may be useful in producing forage for 
livestock production. Relatively high variability was 
observed in the fiber, protein, and amino acid data from the 
foregoing experiments. This variability may be partially 
explained by the fact that tailing, tailing-overburden, and 
overburden are very heterogeneous soil materials that have 
not become completely stabilized and that vary greatly in 
fertility from one location to another.



SUMMARY

Experiments were conducted over a two-year period 
(1971 and 1972) in Tucson, Arizona, to compare the total 
fiber, total protein, and amino acid content in pasture 
forage from barley grown on four soil materials (tailing, 
tailing-overburden, overburden, and desert) in copper mine 
wastes.

Barley pasture forage produced on tailing, over
burden, and desert soil materials contained more fiber than 
did barley forage grown on tailing-overburden. In 1971 and 
when the 1971 and 1972 data were combined, the protein per
centage was significantly higher in forage grown on tailing- 
overburden than it was in forage grown on the other three 
soil materials. There was no significant difference in 
protein percentage in 1972. Generally, protein percentages 
in barley forages produced on tailing-overburden were 
comparable to protein contents in similar crops grown on 
normal soils. The observed protein contents in barley 
forages grown on tailing, overburden, and desert soil 
materials were higher in 1972 than they were in 1971.

In 1971, there was no difference in alanine, 
aspartic acid, cystine, methionine, and phenylalanine content 
of forage produced on the four soil materials. Glutamic 
acid content was highest in forage grown on

25
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tailing-overburden and it differed significantly from the 
glutamic acid contents in forages produced on the other soil 
materials. In 1972, alanine, cystine, glutamic acid, and 
phenylalanine concentrations were similar in barley forages 
produced on all soil materials. Aspartic acid and methionine 
concentrations were highest in barley forages grown on 
desert soil material and lowest in forages grown on tailing 
soil material. When the 1971 and 1972 amino acids data were 
combined, forages produced on all soil materials were 
similar in alanine, cystine, glutamic acid, methionine, and 
phenylalanine contents. Aspartic acid content was hightest 
in barley forage produced on tailing-overburden and lowest 
in forage grown on tailing soil material. The foregoing 
aspartic acid percentages were statistically different at 
the 5% level of significance.

Traces of glycine, lysine, serine, and threonine 
were found in barley forage grown on all soil materials each 
year. High variability was observed in some of the data 
because tailing, tailing-overburden, and overburden are very 
heterogeneous soil materials that have not become completely 
stabilized. This thesis suggests that high quality barley 
pasture forage for animal feed may be grown on soil materials 
in copper mine wastes in the southwestern United States and 
possibly in similar areas throughout the world.
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