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ABSTRACT
Research was conducted at Cyprus Pima Mine, an open pit copper
mine located southwest of Tucson, Arizona, in 1980 and 1981 to study
the establishment of annual and perennial grasses on the slopes of
copper mine tailing ponds.

In 1980, the north and south slope exposures

were hydroseeded with barley (Hordeum vulgare L.).

Plots were capped

with topsoil prior to planting or left uncapped, and mulched with wheat
straw after planting or left unmulched.

Desert soil was rlassified as

Palos Verdes-Sonoita Complex and Detrital-Sonoita Complex.

Barley

provided a quick, temporary cover and served as a mulch for later
plantings.

The number of seedlings established was the same for both

exposures.

Barley grew taller on the north slope possibly due to cooler

temperatures.

Barley growth was more vigorous on mulched areas.

In 1981, the same north and south slopes were hydroseeded with
Lehmann lovegrass (Eragrostis lehmanniana Nees.), buffel grass
'(Pennisetum cilare (L.) Link), blue panicgrass (Panicum antidotale
Retz.) and bermudagrass (Cynodon dactylon (L.) Pers.).

Prior to

planting perennials, barley residue was incorporated into the slopes
using a spike-tooth chain drag and a sheepfoot roller, or was left
unincor~orated.

Incorporation of barley residue aided in its breakdown

and helped prepare a good seedbed.

The spike-tooth chain drag produced

better growth than the sheepfoot roller, possibly due to excessive soil
compaction with the sheepfoot roller.
vii
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Capping tailing slopes with desert soil produced the most
significant improvements in barley and perennial grass growth,

Soil

analyses of pure tailing and capped tailing revealed both were low in
nitrogen and phosphorus.

All plots were amended with these nutrients.

Organic matter, although low for both samples, was higher in the capped
tailing sample.

Organic matter improves soil structure and provides

nutrients and its increased presence may have been the main reason for
improved growth on capped slopes.

INTRODUCTION
Many of man's activities are environmentally destructive.
Overgrazing and poor agricultural practices resulting in erosion occur
over a long time period.

The environmental destruction is more

gradual and less apparent than the destruction from mining operations.
Mining activities, particularly surface mining, destroy less area than
overgrazing and poor agricultural practices; however, the environmental
damage from mining becomes obvious as soon as mining is begun.
Mining is an environmentally destructive activity and the damage
done must be accepted by society--to some extent.

Society must

recognize the impracticality of some demands, particularly refilling an
open-pit mine once it is mined out.

First, the price of the ore being

mined dictates what grade of ore is profitable to mine so theoretically
the mine may never be mined out.

Second, the cost to backfill an

open-pit mine would require destruction of other areas for filling
material, would cost millions of dollars, and would be of. questionable
value to society.
The wastes generated by the mining industry should not just be
dumped and left.

The mining industry should be obligated to minimize

the damages caused by their waste material.

Much progress has been made

in rehabilitating this waste material, especially through revegetation.
Mining companies are acknowledging their environmental obligations and
are working to minimize damage and rehabilitate wastes.
1
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. Research into rehabilitating mining wastes is currently more
important than ever, especially research
feasible methods of waste rehabilitation.

e~phasizing

economically

Society cannot 2fford to

let its environmental demands tax mining industries so heavily that
they cannot afford to operate.

LITERATURE REVIEW
Plant Succession
Plant succession is the na.tural replacement of one plant
community by another, leading toward a stable endpoint or climax
community (Barbour, Burke, and Pitts, 1980).

A climax community is

reached when the species present are better adapted to the site than
the arriving propagules and thus prevent the establishment of new
species (Pickett, 1976).

Establishment of plants on ground where none

have grown previously is termed primary succession (Barbour et al.,
1980).

Revegetation of mining wastes is considered primary succession.

According to Wali and Kollman (1979), even if topsoil is spread on
mining wastes, succession is still considered to be primary since the
structural integrity of the soil has been destroyed.

In primary

succession, "pioneer species" move into the drastically disturbed areas,
ameliorate the conditions, and help prepare the soil for later species
to colonize (Connell and Slatyer, 1977).

These early species encouIage

i:he invasion of later successional species and actually increase the
recovery rate of the disturbed land (Connell and Slatyer, 1977).
Initial plant establishment in disturbed areas is by rapidly invading
plant species which can reproduce quickly and effectively cover the
area.

These colonizing species are highly suited for open habitats

but cannot compete with later successional species (Pickett, 1976).
Goldsmith (1979) stated that reclamation was surface mining's
method of helping nature continue its successional course.
3
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Rehabilitation of mining lands ip more than achieving stable growth of
plants.

It is an attempt to model land in its former image and make it

capable of sustaining former native animals (National Academy of
Sciences Study Committee on the Potential for Rehabilitating Lands
Surface Mined for Coal in the lvestern United States [NAS], 1974).

Arid

ecosystems are delicately balanced and once disturbed may not reach"
natural equilibrium on a time scale acceptable to society (NAS, 1974).
According to Haase (1980) the environmental manipulations of mining
reclamation hast2n the successional process.
Mining

La~d

Reclamation

Historically, the accepted practice in the mining industry was
to mine as cheaply as possible, considering the short term gain while
disregarding the long term social costs involved (De:: u et al., 1972).
Conflicts between mineral development and

conserva/~ion

interests have

resulted from this kind of mining and are frequently solved by choosing
either to permit development and tolerate the damage or refuse development and conserve the area (Down, 1981).

Efforts by mining companies to

rehabilitate disturbed lands allow for compromise between these two
solutions (Down, 1981).

Rehabilitation of disturbed land, defined by

NAS (1974), means returning the land to a stable ecological state that
does not contribute substantially to environmental deterioration and
is consistent with surrounding aesthetic values.

The amount to spend

for rehabilitation should not be based solely on the value of the land
and the minerals but also on the immediate costs of the damage and the
future losses if the land is not rehabilitated (NAS, 1974).

Mining
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companies are in business to make a profit; however, their moral
obligations to reduce the undesirable effects of surface mining should
not be overlooked in the process (Cave, 1978).
Open pit copper mining and strip coal mining represent extremes
of the spectrum of surface mining (O'Neil, 1979).

In the strip mining

of coal, the overburden is stripped away to expose and then remove the
underlying coal deposit.

Reclamation can be carried out as a concurrent

part of the mining operation (Zurkowski, 1975).

Most copper is mined

from porphyry coppers--massive low-grade deposits in

~.,hich

the are is

disseminated in a rock mass in three dimensions (O'Neil, 1979).
O'Neil (1979)

stated that final pit limits were difficult to determine

because are is defined by current production" costs.

Consequently, if

the price of copper rises,. lower grade minerals can be profitably mined
and the ore reserve increases.
NAS (1974) found that areas receiving more than 10 inches (250
mm) of annual rainfall can be rehabilitated without irrigation providing
that the evapo-transpiration is not excessive, the landscapes are
properly shaped, and proper techniques are utilized.

Down (1981) stated

that standardized, widely applicable techniques were frequently
applied in reclamation ventures without regard for the local characteristics.
landscapes.

He claimed that the results were "bleak and featureless"
Methods for rehabilitating mined areas in Appalachia,

Europe, and other humid environments are not directly transferrable
to the arid and semiarid west where the potential for rehabilitating
disturbed lands is extremely site specifid (NAS, 1974).
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Capping
Covering undesirable spoils with good soil or capping the
waste material increases infiltration rate, reduces runoff, and
improves plant survival and growth (Power, Sandoval, and Ries, 1977).
Power, Ries, and Sandoval (1976) found that plant growth and yield
increased as depth of soil material increased to a depth of about 70 em
thickness.

Topsoi1ing material should be tested for quality before it

is used since it is a storehouse for undesirable seeds as well as
desirable seeds (Hodder, 1979).

Capping may require the leveling of

hills, an adverse environmental impact that may exceed that of a stable
but unvegetated tailing dam (Haase, 1980).
The Office of Surface Mining requires that in coal mining the
upper soil horizons are removed and handled separately if they are
capable of supporting vegetative cover (Wilkinson, 1981b).

Soil

reconstruction attempts to duplicate soils that existed before mining
and when possible to alleviate effects of adverse soil characteristics
(Pederson, Rogowski, and Pennock, 1978).

Research conducted by Tacey

(1979) showed that capping with topsoil from areas just being cleared
for mining, rather than using stockpiled material, can lead to a
twelvefold increase in the number of emergent seedlings after 18 months.
After three years, live cover, litter, and number of species present on
the topsoil site were approximately double those on stockpiled material
(Tacey, 1979).
Munshower and Neuman (1980) found that vegetative macronutrient
levels generally were reduced on non-topsoiled spoils.

The levels in

plants on topsoiled sites were approximately the same as in plants
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growing on native range.

Micronutrient levels were

el~vated

in piants

growing on topsoiled areas while in non-tops oiled areas the plant
micronutrient levels were approximately the same as in the vegetation
on native range (Munshower and Neuman, 1980).
Slope Preparation
Seedbed preparation should create a planting medium which will
provide moisture, nutrients, and the protection needed by the particular
species (NAS, 1974).

Hodder (1979) stated that surface manipulation to

roughen the surface traps precipitation, encourages infiltration,
minimizes runoff, and reduces erosion.

A smooth loose seedbed can be

prepared on a slope by dragging a "Klodbuster" or chain drag over the
slope to fill in the smaller erosion crevices and smooth the larger
rills (Ludeke, 1979).

A Klodbuster is several sections of a pick chain

with a weighted slope wheel which is attached by a chain or cable to a
prime mover.

It is used on steep slopes, usually greater than 20 P ,

which are clear of obstacles (Wilkinson, 1981a).
A sheepfoot roller which is commonly used in highway construction can also be used to scarify the slope and prepare a good seedbed
(Day and Ludeke, 1978).

A new method of seedbed preparation for dryland

revegetation called land imprinting has been developed (Anderson, 1981).
The imprinter creates impressions wherein a minimum of rainfall will be
used to the maximum extent.

Use of the imprinter results in a firm

seedbed in which the soil is not loose and subject to erosion (Anderson,
1981).

8

Seeding
According to Hodder (1979), drill seeding under most conditions
tends to be superior to broadcast seeding.

However, he stated that

this was not the case when soil erosion and aesthetic results were' a
concern such as in mining land revegetation.

Drill seeding places all

seed at a predetermined depth and in obvious parallel rows, thus
encouraging rill erosion (Hodder, 1979).

Broadcast seeding places

seeds at variable depths and allows for more diversity in planting and
a random growth pattern (DePuit and Coenenburg, 1979).

Hydroseeding

is a method of broadcast seeding that permits seeding, fertilizing, and
mulching at high speed in a single operation in which seed, wood fiber,
and water are combined, slurried, pumped through a nozzle and sprayed
on the side of a slope (Ludeke, 1979).

Kay (1979) reported that wood

fibers of aspen, alder, and hemlock which are used in the hydroseeding
process, holds seed and fertilizer in position on steep slopes, provides
protection against erosion, and holds moisture for germinating
seedlings.

One big disadvantage of hydroseeding is that a source of

water must be available Dear the seeding operation (Wilkinson, 1981a).
Mulching
Use of mulches reduces erosion, conserves moisture, and is
especially beneficial for slopes of adverse conditions such as southfacing slopes (Wilkinson, 1981a).

Wilkinson (198la) further stated

that straw was one of the better mulches; however, it must be tacked
down with asphalt emulsion or other chemical binders.

Ries, Hofmann,

and \fuitman (1980) found that using prairie hay as a mulch provided a
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supplemental seed source when mulched and seeded with desired species.
Using prairie hay increased the potential for community diversity,
supplied a seed source not commercially available, and aided in the
establishment of plant communities that were readily able to undergo
plant succession (Ries et al., 1980).
Fast-growing plant species such as small grains or summer
annuals served as initial ground cover, minimized erosion, and could be
chemically killed and used as an in situ mulch for the seeding of
perennials and legumes (Jones, Armiger, and Bennett, 1975).

Day,

Tucker, and Thames (1979) reported that Russian thistle (Salsola kali
L.) was effective as a soil mulch in reducing soil moisture loss from
coal mine wastes in the southwestern United States.

Shredded bark

stays in place without tacking even on steep slopes and works well as a
mulch (Hittwer, Graves, and Carpenter, 1979).

Day, Ludeke; and Tucker

(1977) found that barley could be used effectively to stabilize copper
mine wastes and could be incorporated into the soil surface to provide
a more suitable medium for the establishment of perennial grass species.
Waste products such as processed garbage and sewage sludge are effective
mulching materials under some circumstances (Wilkinson, 1981a).
In semiarid areas where precipitation is less than 200-250 mm
(8-10 in) seeding success is uncertain even if mulches are used (NAS,
1974).

Carpenter, Graves, and Kruspe (1978) found that the mulching

of individual trees significantly increases the survival and growth
of tree seedlings on surface mine spoils.

Although costly, this method

may be used on steep and rough terrain and it is also useful to control
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competition where tI'ees, grasses, and legumes are planted in combination
(Carpenter et al., 1978).
Fertilization
Application of nitrogen and phosphorus fertilizers is needed on
most spoils for the estahlishruent of herbaceous species (Hilkinson,
1981b).

Haase (1980) stated that fertilizers are generally beneficial

for non-native plants but may limit the establishment of some native
volunteers.

Addition of fertilizers may speed soil formation according

to the findings of

:NAS (1974).

Riches and Jones (1979) stated that

the soil material on the dump is sterile, unweathered, blasted rock
rather than "biologically active" surface soil and its content varies
with the geologic origin of the waste.

According to Ludeke et al.

(1974), copper waste material contained no organic matter, no microflora,
and no detectable nitrogen and therefore required the addition of
nitrogen and phosphorus for successful revegetation.

According to

Ludeke (1979) fertilization was essential on sterile tailing during the
early growth period.

However, once the second generation plants are

established, a fertility cycle may be developed and no further addition
of commercial fertilizers is necessary (Ludeke, 1979).

NAS (1974)

stated that until nutrients accumulate in the soil in amounts sufficient
to supply the nutrient demands of the plant complex, plants should be
periodically fertilized.
Irrigation and Moisture
Irrigation is commonly practiced on the small intensively
treated acreage involved in mining reclamation where it insures stands
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of graps after the· enormous expense of slope preparation (Anderson,
1981).

Irrigation of revegetated land serves two purposes: first it

supplies water to the new plant community during the establishment
period, and second it supplies excess water to leach undesirable water
soluble constituents to a greater depth (Ries and Day, 1978).
Ludeke (1979) found that in areas receiving 275-300 rom (11-12 in)
of rain annually, it was essential to irrigate during the growing
season for the first two years.

Once plants have covered the slopes,

irrigation can be gradually withdrawn (Ludeke, 1979).

It was reported

by Bengson (1977) that drip irrigation systems worked well in the
establishment of shrubs on mine waste slopes.

Water conservation is

the chief advantage of a drip irrigation system because evaporative
losses are minimized (Bengson, 1977).

Green (1981) stated ,that watering

during the establishment period was one of the basic reclamation
requirements at mining revegetation sites in New South Wales.
Irrigation for establishment may require a certain amount of water
stress on the plants being established so that the plant communities
will be more drought resistant once irrigation is terminated (Ries
and Day, 1978).
Naintenance of a vegetative cover depends on available moisture
and the degree of soil development (NAS, 1974).

Areas receiving less

than 200 rom (8 in) of annual precipitation required supplemental
irrigation (NAS, 1974).

In coal mining waste revegetation, companies

have an extended responsibility for revegetation for at least five
years in areas receiving more than 650 rom (26 in) of annual precipitation (Wilkinson, 1981b).

The responsibility period is 10 years if less

••
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than 650 mm (26 in) annual precipitation is received.

The initiating

point for the extended responsibility period starts at the end of the
last year when any supplemental seeding, fertilization, and irrigation
were performed to insure acceptable ground cover (Wilkinson, 1981b).
Storm size, intensity, and placement influence the effectiveness
of the precipitation for plant growth (Cable, 1975).

Precipitation

received during the summer rainy season is responsible for most herbage
production.

Winter precipitation is not correlated with grass

production for the following summer because development within the
grass plant during the winter consists of physiological changes rather
than herbage production so little water is required (Cable, 1975).
Raynal and Bazzaz (1973) stated that the kinds and numbers of
plants that become established in an abandoned field were a function of
the

numbe~

of germinable seeds present in the soil and the

water relationship.

seed-soil~

There is strong evidence to suggest that of the

seed parameters that may control seed germination, soil moisture in the
extreme upper portion of the soil profile is the major factor (Raynal .
and Bazzaz, 1973).
Species Selection
Species selection should be determined by the chemical and
physical properties of the mine soil as well as by the geographic
location, season of seeding, and land use objectives (Plass, 1978).
Migration of plant species from the neighboring areas to these freshlyexposed areas will occur as a natural course (Wali and Kollman, 1979).
However, many of the pioneer species of the semiarid and arid regions
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are poor soil binders.

If parent materials

~re

fine, suBstantial

erosional losses will occur (Wali and Kollman, 1979).

Haase (1980)

stated that pioneer volunteer species had low nutrient requirements and
were more adapted to variation in the environment than some species that
may become established later.
According to Goldsmith (1979), some native seeds were too
difficult to plant because of their resistance to controlled conditions
or prohibitive cost.

Often the germination rate of native species

allows only a few to germinate during the first year (Goldsmith, 1979).
Many introduced species are desirable vegetative cover and are more
easily grown than the native plants (NAS, 1974).

Complexities of the

previous ecosystem, low seedling vigor of native species, and a lack
of seed sources make the establishment of native vegetation that existed
before mining difficult to achieve (Barker, llies, and Nyren, 1977).
According to Wilkinson (198lb), revegetation of a disturbed area
must use selected plant species based on their nutritional value,
cover potential, and ability to enhance the habitat for wildlife.
Ground covers placed on reclaimed land must be diverse, effective,
permanent, and of the same seasonal variety as native or approved
species (Wilkinson, 1981b).

A broad seeding mixture of adapted

species allows development of permanent diverse plant cover with
increased potential for establishing a desirable wildlife habitat
(NAS, 1974).

Tacey (1979) stated that mining land rehabilitation in

Western Australia was aimed at establishing stable biological systems
that satisfied long-term land use objectives.

Dean, Havens, and

Valdez (1971) stated that vegetative stabilization should produce
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self-perpetuating plant cover or provide material in which native
plant seeds can germinate and regenerate a plant community.
loJi1kinson (1981a) recommended seeding mixtures containing one
annual or short-lived perennial species that quickly provides the
initial gronn.d cover and at least one long-lived perennial legume and
one long-lived perennial grass for the permanent vegetative cover.

The

permanent species replace the temporary ones when they die out
(Hilkinson, 1981a).

According to LeRoy and Keller (19~2) a good grass

and legume mixture will deve1o? a dense underground netting of roots
which will consolidate the tailing and reduce erosion.

Tree and shrub

species do not protect the surface initially and should not be planted
until herbaceous cover has been established (Shetron and Carroll,
1977) .
Natural Revegetation
Hessing, Johnson, and Ba1da (1981) studied the disturbance
created by the construction of a power plant and power line in northern
Arizona, a disturbance which almost completely removed vegetation and
seeds.

They noted that the spring communities in these disturbed

areas were similar to those of undisturbed areas due to the
impartiality of spring annuals to either climax or disturbed lands.
They further noted that spring communities were poor indicators of
successional status.
On Idaho rangeland, Anderson and Holt (1981) determined that
perennial grass populations increased exponentially as propagu1es
became more readily available.

No obvious correlation existed between
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trends for perennial grass cover and precipitation patterns.

Aridity

and poor initial conditions would tend to lengthen the time before
noticeable improvement would be detected (Anderson and Holt, 1981).
Hessing et a1. (1981) noted that in moisture poor years, the perennial
grasses were dormant and had little above-ground vegetation.

HATERIALS AND METHODS
Research was conducted at Cyprus Pima

~tining

Company in 1980

and 1981 to study the establishment of an annual grass species and four
perennial grass species on the slopes of copper mine tailing ponds.
Cyprus Pima Mine is an open-pit copper mine located southwest of
Tucson, Arizona.

In 1980, north and south slope exposures were planted

with an annual grass.

In 1981, these same north and south slopes were

planted with four perennial grass species.
The tailing slopes (Figure 1) planted in this study were
located on tailing ponds No.6 and No.7.

Capping or the application of

topsoil was accomplished with a caterpillar scraper.
applied to a depth of 4.5-6 cm (3-4 in).

Topsoil was

A 9 cm (6 in) soil retaining

wall was constructed at the edge of the tailing slope to insure against
surface erosion from service roads.

This wall also prevented water from

leaking irrigation equipment from flowing down the face of the tailing
slope and causing erosion crevices.

Sprinkler irrigation lines were

installed along the service roads at the top of the mine waste slopes.
Slopes were irrigated at least every other day, and more frequently if
necessary, throughout the growing season.
In January, 1980, slopes were hydroseeded ,.,ith barley (Figure 2)
(Hordeum vulgare L.) at a rate of 280 kg/ha (250 lb/acre).

The hydro-

seeding mixture also contained 2 1 240 kg/ha (2000 1b/acre) of wood fiber
and 224 kg/ha (200 lb/acre) of 16-20-0 granular ammonium phosphate
(NH H2P0 4 ).

4

After hydroseeding, the slopes were mulched with barley
16
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Figure 1.

Figure 2.

Tailing slope prior to revegetation.

Hydroseeding tailing slopes with barley.
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straw at a rate of 4.48 metric ton/ha (2 tons/acre).

Liquid nitrogen

fertilizer was injected into the irrigation lines every two weeks
during the growing season at a rate of 12.0 gal/acre (equivalent to
15 lb/acre or 16.8 kg/ha).
The following treatments with four replications of each treatment were used:
1.

North tailings, capped, with straw mulch.

2.

North tailings, capped, without straw mulch.

3.

North tailings, not capped, with straw mulch.

4.

North tailings, not capped, without straw mulch (control).

5.

South tailings, capped, with straw mulch.

6.

South 'Cailings, capped, without straw mulch.

7.

South tailings. not capped, with straw mulch.

8.

South tailings, not capped, without

stra~v

mulch (control).

In 1981, prior to hydroseeding, barley residue was incorporated
into the slopes using two different incorporation procedures.

A

sheepfoot roller (Figure 3) which is a five-ton highway compactor with
many small steel pods attached to a roller drum, was one method of
slope preparation.

The drum of the sheepfoot roller is filled with

water and applies an equal amount of pressure over the surface of the
protruding feet.
A spike-tooth chain drag (Figure 4), also called a sidewinder
or a "klodbuster," was the second method used for slope preparation.
The sidewinder filled in erosion
barley residue.

crevi~es

as well as incorporating the

Barley was not incorporated on the control plots.
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Figure 3.

Sheep foot roller.

20

Figure 4.

Spike~tooth

chain drag.
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In May, 1981, perennial grasses were planted on the same slopes
that had been planted with barley the previous year.

The following

grasses were planted at specified rates:
2.8 kg/ha

1-

Lehmann 10vegrass (Eragrostis 1ehmanniana Nees.)

2.

Buffe1grass (Pennisetum ci1are (L. ) Link)

11.2 kg/ha

3.

Blue panicgrass (Panicum antidota1e Retz.)

8.4 kg/ha

4.

Bermudagrass (Cynodon dacty10n (L. ) Pers.)

2.2 kg/ha

Seeding rates for each species were determined from perennial grass
plantings conducted at Cyprus Pima Mine over the past twelve years.
The hydroseeding mixture also contained granular ammonium
phosphate

(NH4H~P04)'

which was applied at a rate of 336 kg/ha, and

wood fiber applied at a rate of 1,680 kg/ha (1,500 1b/acre).

Liquid

nitrogen fertilizer was injected into the irrigation lines periodically
throughout the growing season at a rate of 16.8 kg/ha.
Twelve treatments with four replications each were established
as follows:
1.

North tailings, capped, spike-tooth chain drag.

2.

North tailings, not capped, spike-tooth chain drag.

3.

North tailings, capped, sheepfoot roller.

4.

North tailings, not capped, sheepfoot roller.

5.

North tailings, capped, no incorporation treatment.

6.

North tailings, not capped, no incorporation treatment
(control).

7.

South tailings, capped, spike-tooth chain drag.

8.

South tailings, not capped, spike-tooth chain drag.

9.

South tailings, capped, sheepfoot roller.
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10.

South, tailings, not capped, sheepfoot roller.

11.

South tailings, capped, no incorporation treatment.

12.

South tailings, not capped, no incorporation treatment
(control).
Data collected for both years included number of seedlings

emerged, number of seedlings established, and number of stems produced
2
per unit area (0.305 m).

Plant material produced per unit area was

measured at harvest time by cutting and weighing.

Percent ground cover

was determined over the entire slope area by visual evaluation.
All data for both years, except percent ground cover, were
analyzed using the standard analysis of variance and means were compared
using the Student-Newman-Keu1s' test as described by Little and Hills
(1978).

North and south exposures were first analyzed separately.

A

split plot design was used in which capping treatment was the main
plot, mulching treatment was the subplot in 1980 and incorporation
method was the subplot in 1981.

If the mean square errors appeared

to be equal after the two-way ANOVA was performed, a

combine~

analysis

using a three-way ANOVA was performed to determine if slope exposure
affected growth significantly.
Soil Samo1es
Desert soil samples were collected from the site where capping
material was obtained for covering tailing slopes.
Tailing soil samples were collected from the north and south
slope exposures of tailing ponds No.6 and No.7.
at the surface and at a depth of 21 cm (8 in).

Samples were obtained

Twenty subsamples were
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collected, combined into one sample, and mixed well.

These samples

were analyzed at the Soils, Water, and Plant Testing Laboratory at The
University of Arizona.
dried soils.

Except for pH, all analyses were run on oven-

Samples were oven-dried at 80°C until they reached

constant weight to assure equal moisture contents for the analytical
determination.

Tailings were analyzed for pH, electrical conductivity

(E Ce), soluble salts, exchangeable sodium percentage (ESP), sodium,
potassium, nitrogen, phosphorus, and copper content.
matter was also measured.

Percent organic

The pH, electrical conductivity, potassium,

and sodium were determined on all samples from a saturated paste and
extract.

ESP was obtained by calculation.

Total water soluble salts

were determined on the extract of a 1:5 soil to distilled water
suspension by determining electrical conductivity at 60°C and then
converting to parts per million (ppm) salts. from standard tables
(Ludeke, 1972).

Nitrogen and phosphorus were determined by aerating

the 1:5 soil to distilled water suspension used in the total salt
determination with compressed carbon dioxide for 15 minutes and then
filtering the suspension to obtain a clear extract (Ludeke, 1972).

The

amount of, copper present was determined via atomic absorption
spectroscopy, using DTPA extraction (Lindsay and Norvell, 1978).
Percent organic matter was determined by weight-loss on ignition at
500°C for four hours.
Irrigation Water Sample
An irrigation water sample was collected from a water tap near
the irrigation water source.

A routine irrigation water analysis was
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conducted by the Soils, Water, and Plant Testing Laboratory at The
University of Arizona.

This analysis included electrical conductivity,

pH, total soluble salts, calcium, magnesium, sodium, chloride, sulfate,
bicarbonate, carbonate, fluoride, nitrate, lead, silicates, potassium,
and sodium absorption ratio.

RESULTS AND DISCUSSION
Site Descriptian
Cyprus Pima Nine is an apen-pit capper mine lo.cated appraximately 20 miles sauthwest af Tucsan, Arizana.

The surraunding

vegetatian cansists af mixed desert grasses, cacti--predaminantly
challa (Opuntia Bigelavii Engelm.) and (Opuntia versicalar Engelm.) and
saguaro. (Carnegiea gigantea Engelm.)--creasate (Larrea tridentata (DC.)
Carville), palo. verde (Cercidium micraphyllum (Tarr.) Rase & Jahnstan)
and mesquite (Prasapis juliflora (Swartz) DC.).

The elevatian af the

tailing pands that 'vere revegetated was 990 m.

Berm slapes were 1.5:1.

Seasanal precipitatian is variable ranging fram 20 cm/year in a paar
year to. 30 cm/year in a gaad year (Ludeke, 1979).

A winter rainy

seasan accurs in February and March and a summer rainy seasan in July
and August.

Summers are very hat and windy resulting in high evapara-

tian rates.
Twa types af sail have been classified at Cyprus Pima Mine.
One is a Palas Verdes-Sana ita Camplex.

Palas Verdes is a laamy,

mixed, thermic, shallaw, Haplic Durargid.

The Sanaita Camplex is

described as a caarse-laamy, mixed, thermic, Typic Haplargids.
secand sail type is a Detrital-Sanaita Camplex.

Detrital is described

as caarse, laamy, mixed, thermic, Typic Cambarthids.
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Desert Soil, Tailing, and Irrigation Water Analyses
Surface soil samples were collected in the desert from the area
where capping material had been obtained.

Surface tailing samples were

a mixture of desert soil that had been used for capping and tailing.
The 21 em depth sample was pure tailing.

A silt loam surface soil in

good condition for plant growth contains approximately 5% organic
matter (Brady, 1974).

Desert soil contained 0.5% organic matter and

tailing and desert combined contained 0.6% organic matter (Table 1).
Although much lower than the ideal soil, both of these samples are
higher in organic matter than pure tailing.

Organic matter decomposi-

tion is the primary source of nitrogen and phosphorus in soils.
Nitrogen and phosphorus were present in higher amounts in the surface
tailing plus desert soil sample than in the pure tailing or desert soil
samples.

This is probably due to nitrogen and phosphorus amendments

that were added to the slopes.

Supplementation of nitrogen and

phosphorus is essential for good plant growth in tailing.
Potassjum is not fixed in organic compounds but instead is
adsorbed between unit cells of clay (Brady, 1974).
release potassium slowly.

Soils weather and

In determining whether potassium fertiliza-

tion is required, the degree of saturation of the soil material with
potassium must be considered.

Table 1 shows that desert soil used for

capping contained 9.75 ppl.1 of potassium.

This analysis,. however, does

not measure the adsorbed potassium in the soil.

Host soils in the

Tucson area do not require potassium fertilization due to the high
amount of adsorbed potassium present.

Table 1.

Soil
material

Tailing and desert soil samples collected from Cyprus Pima Mine in July, 1981.

Slope
exposure

Depth

pH

ECe
x 10 3

Soluble
salts
(ppm)

Tailing plus
desert soil
Tailing

North

Tailing plus
desert soil
Tailing

South

Desert Soil

Flat
desert

K

ESP

N

P

Organic
matter

Cu

(ppm)

(ppm)

(7.)

(ppm)

(ppm)

(7.)

(ppm)

Na

Surface

7.4

3.13

2191

210.2

45.2

2.8

12.9

7.4

0.6

15.9

21 cm

7.5

2.59

1813

95.2

39.8

0.6

4.6

1.0

0.2

27.5

Surface

7.5

2.97

2079

170.9

96.3

2.2

6.8

4.7

0.6

14.2

21 cm

7.6

2.97

2079

135.5

66.3

1.3

4.3

0.8

0.4

21.9

Surface

8.0

1.45

1015.0

224.5

7.68

4.9

1.8

O.S

9.75

N

.......
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2
Copper is adsorbed as Cu + on the soil surface and is relatively
immobile in soils (Mortvedt, Giordanp, and Lindsay, 1977).

Copper

deficiencies may occur when less than 4 ppm copper is present (Brady,
1974).

If copper is present in large quantities, some copper occurs

in nonselective exchange sites and is released to the soil solution at
low pH values (Black, 1968).

At high pH values the excess copper is

changed to mineral forms of lo\v solubility (Black, 1968).

Copper

present in tailing samples was fairly high; however, at a slightly
alkaline pH it was not present in soluble forms and did not adversely
affect plant growth.
The pH.values for all tailing samples were mildly alkaline.
The availability of nutrients for plant uptake is influencec by pH.
Most nutrients necessary for growth are available at this pH.
The total concentration of soluble salts can be expressed in
terms of electrical conductivity.

Electrical conductivity can be

measured precisely and increases with salt content.

ESP, exchangeable

sodium percentage, is the degree of saturation of the soil exchange
complex with sodium.

A soil with an EC < 4 mmho/cm and an ESP < 15%

is considered normal (Bohn, McNeal, and O'Connor, 1979).

Tailing and

desert soil samples are in this range indicating that salts will
probably not affect plant growth.
The results from these tailing samples indicate that tailing
should be a suitable medium for plant growth if organic matter,
nitrogen, and phosphorus are added.
Irrigation water analysis (Table 2) indicated that the water
was of good quality and should not cause any plant growth problems.

Table 2.

Irrigation water sample collected from Cyprus Pima Mine.

-ECe
x 10 3
0.44

Milligrams per liter (mg/l)a

Soluble
salts
ppm

pH

Ca

Mg

Na

C1

S04

279

7.6

19

1

63

16

73

HC0

3

102

C0
0

3

ppm
b

F

N

Pb

Si0

1.8

0.84

0.007

31.6

3

K

c
SAR

2.4

3.82

amg / 1 is approximately equal to ppm.
bAnalyzed as nitrate.

c~odium ~bsorption ~atio.

N
\0
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Total soluble salts and SAR wer,e somewhat nigh, but well within the
tolerance range of the grasses that were planted.
Slope Exposure, 1980
Barley was planted to provide a quick temporary ground cover,
to prevent erosion, to prevent the establishment of undesirable plant
species, and to serve as mulch for later plantings.

A one-\.;ray analysis

of variance was used to determine whether slope exposure affected
barley growth and establishment.

Number of barley seedlings emerged

and established was not significantly different for slope exposures
(Table 3).

The number of stems produced was higher for the south slope

than for the north slope.

During the winter months when the barley

was planted, the south slope received more radiation than the north
slope and was warmer.

Tillering of the barley plant is more profuse

under warmer conditions; therefore, higher stern production would
result on the warmer, southern slope.

Although the number of seedlings

established was the same for both exposures, the barley plants grew
taller on the north slope resulting in a higher yield and better ground
cover.

Barley is a cool season crop.

Possibly the temperatures on

the south slope became too warm later in the season for good barley
growth.
Slope Exposure, 1981
A one-way analysis of variance to test the significance of
slope exposure for growth of perennial grasses in 1981 revealed there
were no significant differences between slopes for all categories
measured (Table 3).

Microclimatic differences between the north and
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. Table 3.

Year

1980

1981

Comparison of slope exposures for barley establishment and
growth in 1980 and perennial grass establishment and growth
in 1981.

Slope
exposure

Seedlings
2
emerged/m

Seedlings 2
established/m

(no.)
North

Stems 2
produced/m_

Dry fora~e
yielil/m

(no. )

(no. )

(g)

358 a +

235 a

334 b

165 a

South

373 a

265 a

675 a

91 b

North

73 a

37 a

119 a

73 a

South

92 a

59 a

144 a

81 a

.

+~leans followed by the same letter within the same year, are not
different at the 5% level of significance using the Student-Newman
Keuls' tes t.
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south slopes were not great enough to affect the growth of, these
particular perennial grass species.
Capping
Significant differences between capped and uncapped slopes were
compared using a one-way analysis of variance.

In 1980, for both slope

exposures, for all categories of plant growth evaluated, the capped
plcts produced better growth than the uncapped plots (Table 4).
In 1981, for perennial grasses, number of seedlings emerged,
established, and number of stems produced were not affected by capping
on the north slope (Table 4).
capped plots.

Dry forage yield was higher for northern

Perennial grasses grew taller on capped plots resulting

in a higher yield.

On the south slope, capped plots produced better

growth for all categories measured than uncapped plots.
Covering the undesirable tailing with good soil material
increases infiltration rate, reduces runoff, and improves plant survival
and growth (Power et al., 1977).

Amount of organic matter present

appears to be the biggest difference between capped and uncapped
tailing material (Table 1).

Decomposition of organic matter results in

gums and other materials which bind soil particles and promote soil
structure.

Physical properties of ·soil are enhanced by the presence

of organic matter.

Infiltration increases, water holding capacity

increases, drainage improves, and cation exchange capacity increases.
Organic matter provides nutrients for plants.

Ninety percent

or more of the soil nitrogen is present in organic forms.
are tied up and released slowly over time.

These forms

Seventy-five percent or

Table 4.

Year

1980

Slope
exposure

North

South

1981

North

South

Comparison of capping treatments within slope exposures in 1980 and 1981.
Capping
treatment

Capped with
topsoil
Not capped
t"ith topsoil
Capped with
topsoil
Not capped
with topsoil
Capped with
topsoil
Not capped
with topsoil
Capped with
to!1 soil
Not <.:apped
wi~h topsoil

Seedlings
emerged/m 2

Seedlings 2
established/m

Stems
produced/m2

Dry fora~e
yield/m

(no. )

(no. )

(no. )

(g)

521 a+

313 a

466 a

244 a

195 b

156 b

202 b

107 b

580 a

396 a

1109 a

125 a

290 b

135 b

240 b

57 b

92 a

.46 a

119 a

102 a

54 a

28 a

120 a

44 b

140 a

90 a

232 a

132 a

45 b

28 b

56 b

29 b

+Heans followed by the same letter, in the same year, within slope exposures and between capping
tre~tments, are not different at the 5% level of significance using the Student-Netvrnan-Keuls'
test.

w

w
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more of the soil phosphorus is bound in the organic form.

More than

half of the total soil sulfur is found in organic matter.

Organic

matter contains natural chelates--complexes which bind micronutrients
in a ring formation and keep them from being leached from or precipitated out of the soil.

Organic matter serves as a substrate for micro-

organisms thus populations of microorganisms are higher in soils
containing organic matter.
These characteristics of organic matter all enhance plant
growth.

Consequently, the application of topsoil containing organic

matter to tailing slopes would be expected to improve plant growth.
Mulching
To determine differences between mulched and unmulched slopes
a one-way analysis of variance was used.

On the north exposure, mulched

plots produced a higher number of seedlings emerged, more stem production, and a higher yield than the unmulched plots (Table 5).
seedlings established was not affected by mulching.

On

Number of

the south

slope, number of seedlings emerged and dry forage yield were higher on
mulched plots.

Number of seedlings established and stem production

were the same for mulched and unmulched areas.
~Iulching

is particularly important in a semiarid environment

such as Cyprus Pima Nine because it
seedlings from high temperatures.

prov~des

M~lching

protection for germinating
helps retain moisture and

protects steep tailing slopes from erosion caused by irrigation and
rainstorms.

Straw mulching material is also an important source of

organic matter.

Organic matter greatly enhances plant growth.

Table 5.
Slope
exposure

North

South

Comparison of mulching treatments, within slope exposures, for barley planted in 1980.
Mulching
treatment

Mulched with
\l1hea t straw
Not mulched
with Hheat straw
Mulched wi th
wheat straw
Not mulched
\l1ith wheat straw

Seedlings
emerged/m 2

Seedlings 2
established/m

Stem
2
produced/m

Dry fora~e
yie1d/m

(no. )

(no. )

(no. )

(g)

457 a+

280 a

401 a

218 a

260 b

189 a

268 b

113 b

467 a

303 a

710 a

129 a

391 b

279 a

639 a

53 b

+Means followed by the same letter within slope exposures and between mulching treatments are not
different at the 5% level of significance using the Student-Newrnan-Keu1s" test.

w
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Capp:i:ng and Hulching Interaction, 1980
A two-way analysis of variance was used to test whether
interaction between capping and mulching was significant.

On

the north

capped slope mulching significantly affected the number of seedlings
emerged (Table 6), but did not affect the othe~ categories •.. Barley
growth was not affected by mulching on the north uncapped plots.
}lulching significantly affected the number of seedlings emerged on
capped southern exposures.

Other categories ,?ere not affected by

mulching on the capped southern exposures.
were not affected by mulching.
in a positive interaction.

Uncapped southern plots

Capping combined with mulching resulted

However, mulching uncapped slopes did not

enhance grmvth.
Incorporation
Incorporation using a spike-tooth chain drag on the north slope
produced a greater number of emerged and established seedlings and
higher stem production than incorporation with a sheepfoot roller or
no incorporation (Table 7).

There was no difference between the

sheepfoot roller and no incorporation for these three categories.
Yield on the north slope was greater when the spike-tooth chain drag
or no incorporation was used than when the sheepfoot roller was used.
On the south slope, Lhe number of stems produced was greatest when the
spike-tooth chain drag was used.

There was no difference in stem

production when the sheepfoot roller or no incorporation methods were
used.

Incorporation method did not affect growth in other categories

measured on the south slope.

T:1ble 6.

Slope
exposure
North

South

Comparison of the interactions of mulching and capping treatments within slope
exposures, on tailing slopes planted with barley in 1980.

Hulching
treatment
Hulched with
wheat straw
Not mulched
with wheat strmv
Mulched with
wheat straw
Not mulched
with lvheat stra~v

Seedlings
emerged/m 2

Seedlings 2
established/m

Stems 2
produced/m

Dry fora~e
yield/m

(no. )

(no. )

(no. )

(g)

Capped

Uncapped

Capped

Uncapped

Capped

Uncapped

Capped

Uncapped

756 a+

226 a

430 a

172 a

603 a

260 a

299 a

170 a

364 b

194 a

243 b

162 a

400 a

175 a

183 a

60 a

788 a

217 a

471 a

179 a

1230 a

297 a

192 a

86 a

461 b

138 a

381 a

111 a

1156 a

221 a

77a

37 a

+~leans followed by the same letter within slope exposures, within capping treatments, and between
mulching treatments are not different at the 5% level of significance uGing the
Keuls' tes t.

Student-Ne~vman

W
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Table 7.

Slope
exposure

North

South

Comparison of incorporation methods within slope exposures for perenrl'ia1 grass grmoJ'th in
1981.
Incorporation
method

Spike-tooth
chain drag
Sheep foot
roller
No
incorporation
Spike-tooth
chain drag
Shcepfoot
roller
No
incorporation

Seedlings
emerged/m 2

Seedlings 2
established/m

Stems 2
produced/m

Dry fora~e
yie1d/m

(no. )

(no. )

(no. )

(g)

176 a+

163 a

185 a

104 a

19 b

13b

51 b

42 b

25 b

10 b

94 b

73 a

89 a

65 a

201 a

81 a

90 a

64 a

114 b

76 a

98 a

47 a

117 b

84 a

+Neans fo11mved by the same letter, within slope exposures and among incorporation methods are not
different at the 5% level of significance using the Student-Newman-Keu1s' test.

w
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Incorporation of barley residue into the slope aided in the
breakdown of this residue for use by plants.

Incorporation also helped

prepare a good seedbed for planting perennial grasses.
chain drag produced better results than the

sheepfoo~

The spike-tooth
roller.

Possibly

the weight of the sheepfoot roller compacted the slopes too much and
root penetration was not as good as with the spike-tooth chain drag.
Pockets in the slope created by use of the sheep foot roller may have
been too deep causing seed to become buried too far beneath the surface
for good plant growth.
Capping and Incorporation Interaction
A two-way analysis of variance was used to test for significant
differences among incorporation methods for growth on capped and
uncapped slopes.

On capped north plots the

spike~tooth

chain drag

produced better growth in all categories than the sheepfoot roller or
no incorporation (Table 8).

There were no differences between the

sheepfoot roller and no incorporation for north capped plots.

The

spike-tooth chain drag incorporation produced a higher number of
seedlings emerged than the sheep foot roller or no incorporation for
uncapped northern plots.

There were no differences among incorporation

methods for all other categories on north uncapped plots.
Incorporation method did not affect growth on south capped
plots.

On south uncapped plots, stem production was greater with the

spike-tooth chain drag.

All other categories were unaffected by

incorporation method on the south uncapped plots.

Table 8.

Compnrison of interactions within slope exposures, within capping treatments, and among
incorporation methods for tailing slopes planted with perennial grasses in 1981.
Seedlings
emerged/m2

Seedlings 2
established/m

Stems 2
produced/m

Dry fora~e
yie1d/m

(no. )

(no. )

(g)

(no. )
Slope
exposure

Incorporation
method

North

Spike-tooth
chain drag
Sheepfoot
roller
No
incorporation

South

Spike-tooth
chain drag
Sheepfoot
roller
No
incorporation

Capped

Uncapped

Capped

Uncapped

Capped

Uncapped

Capped

231 a+

128 a

109 a

69 a

240 a

186 a

181 a

34 a

21 b

17 b

18 b

8 a

34 b

92 a

50 b

35 a

25 b

24 b

10 b

10 a

82 b

107 a

82 b

64 a

130 a

48 a

97 a

33 a

251 a

151 a

105 a

58 a

110 a

7la

82

a

47 a

210 a

19 b

130 a

23 a

155 a

41 a

83 a

12 a

196 a

38 b

144 a

24 a

Uncapped

+Means followed by the same letter within slope exposures, within capping treatments, and among
incorporation methods are not different at the 5% level of significance using the Student-NewmanKeu1s' test.

~

o

41
North capped slopes had, the best plant growth.

On these plots,

incorporation with a spike-tooth chain drag did improve growth.

Plant

growth on the north, uncapped plots and south plots (both capped and
uncapped) was not clearly affected by incorporation.

At Cyprus Pima

Mine, north capped slopes have traditionally been the easiest to
revegetate.

Possibly when conditions are more favorable for plant

establishment, incorporation with a spike-tooth chain drag will enhance
growth.

However, when conditions for plant establishment are more

severe, incorporation of residue does not necessarily have a positive
impact.
Percent Ground Cover, 1980
Percent ground cover \vas determined visually for each treatment
on each slope.

In 1980, dry forage yield was higher for the north

slope than for the south slope (Table 3) because barley plants grew
taller on the north slope.

The taller plants provided denser growth and

consequently more ground cover.

Percent ground cover for each treatment

category was higher on the north slope than on the south slope due to
the taller barley on the north slope (Figure 5).

Plots that were capped

and mulched had the most ground cover on the north slope.

Mulching

alone produced the second highest percent ground cover on the north
slope.

Capping alone resulted in slightly less ground cover on the

north slope.

Ground cover was much less on plots that were neither

capped nor mulched for the north exposure.

On the south slope, the

combination of capping and mulching produced the highest percent ground
cover.

Capping alone and mulching alone produced the same amount of
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Figure 5.

Percent ground cover for two slope exposures with two capping
treatments and two mulching treatments for barley planted in
1980.
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ground cover for the south slope.

South slopes that were neither

capped nor mulched had the lowest percent ground cover.
The cooler north slopes enhanced barley growth resulting in
taller plants and more ground cover.
with capping.

Mulching interacted positively

Areas receiving both of these treatments would be

expected to have better ground cover.

Capping alone and mulching alone

did result in better ground cover than \-lhen no treatments were applied.
This would be predictable based on the merits of capping and mulching
which were discussed previously.
Percent Ground Cover, 1981
Percent ground cover was determined visually for each treatment
on each slope.

North and south plots that were capped and treated with

a spike-tooth chain drag resulted in the highest and second highest
percent ground cover, respectively (Figures 6 and 7).

Uncapped north

plots on which the spike-tooth chain drag was used produced the same
percent ground cover as capped plots on which the sheepfoot roller was
used.

These treatments produced the third highest percent ground cover.

South plots that were capped but no incorporation method used, produced
the same percent ground cover (fourth highest percentage) as uncapped
south plots on which the spike-tooth chain drag was used.

Other

treatment combinations resulted in 10\-l percent ground cover for north
and south slope exposures.
Results are not as clear-cut for perennial grass establishment
as for barley growth.

This can be attributed to some extent to the use

of four plant species with distinctive characteristics and growth
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Figure 6.

Percent ground cover for two slope exposures with two capping
treatments and three incorporation treatments for perennial
grasses planted in 1981.
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Figure 7.

Perennial grass growth on north slope exposure.
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requirements.

Bermudagrass is a low growing cover

three species are all bunch grasses.

gra~s.

The other

Blue panicgrass is quite thick

stemmed and grows one to two meters tall (Figure 8).

Buffe1 grass

is of medium stem thickness, medium height (1 m) and grows in very
thick clumps (Figure 9).

Lehmann lovegrass grows approximately 31 cm

tall, and is a very fine-stemmed delicate grass.
In addition to morphological differences the actual seed
distribution of the four species during

~lydroseeding

was probably not

even for all 20 acres seeded even though speci -ic seed mixtures were
used.

Seed distribution and species preference for specific micro-

climates would cause data gathered for all four species collectively to
be less accurate than when only one species is used.
One of the objectives. of revegetation is to establish a
diverse plant community.

Planting several species helps insure the

establishment of at least some of these species on all microc1imates
present on tailing slopes.

The plant species chosen for the study were

diverse enough in habitat preference to provide grass establishment on
most areas that were planted.
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Figure 8.

Blue panicgrass,
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Figure 9.

Buffel grass.

SUMMARY AND CONCLUSIONS
Barley planted during the winter grmving season grew taller and
provided better ground cover on the north slope exposure than on the
south slope exposure, even though tillering was more extensive on the
warmer south slope.

Barley is a cool season crop; the temperatures on

the south slope may have been too high later in the growing season for
good barley grmvth.

Growth of perennial grass species was not affected

by slope exposure.
Capping tailing with desert topsoil produced significant
differences in plant growth for barley and perennial grasses.

Soil

sample analyses of capped tailing and pure tailing revealed that both
samples were low in organic matter, but that the capped tailing did
contain more organic matter than the pure tailing.

Organic matter

improves soil structure, provides essentiRl nutrients, and serves as a
food source for microorganisms.
growth.

These features all improve plant

Presence of organic matter in capping material may have been

the primary reason why capped slopes had better growth than uncapped
slopes.
Hulching 'vith wheat straw improved barley growth.

Mulching

helps retain moisture, protects slopes from erosion, and provides
protection for the seedlings from high temperatures.
as a source of organic matter.

It also serves

Mulching of capped plots resulted in

better plant growth than mulching of uncapped plots.
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This indicates

50

that capping and mulching interact positively to produce better results
than either treatment produces alone.
The purpose of the incorporation procedure was to prepare a
seedbed by loosening the soil and mixing the barley residue with it.
The spike-tooth chain drag method of incorporation produced better
results than the sheepfoot roller.

The sheepfoot roller is very heavy

and may have compacted slope surfaces too much, preventing good root
penetration.

Incorporation with a spike-tooth chain drag may improve

plant growth on slopes which are relatively problem-free (e.g., north
capped slopes in this study).

However, when conditions for plant

establishment are more severe, the value of incorporation is not
apparent.
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