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Abstract:

Coal refuse waste piles are a legacy of prelaw coal. mining activities. These barren, steeply-sloped piles
have adverse physical and chemical properties which preclude vegetation establishment. The state of
Montana has many coal refuse disposal sites, and the Abandoned Mine Lands Program is faced with
successfully reclaiming these areas.

Experimental plots to test the effects of lime rate and coversoil application on coal refuse were
implemented at an abandoned coal mine near Stockett, Montana. The coal refuse at this site was black
(2.5Y 2/0), acidic (pH=2.8), had an average coarse fragment content of 85 percent by weight and low
water holding capacity. The Computerized Automatic Rapid Weathering Apparatus (CARWA) was
used to estimate the lime required to neutralize present and potential acidity of the coal refuse. A heavy
lime rate (five fold CARWA) was included as a treatment. Deep lime incorporation (100 cm) was also
tested. Calcium carbonate (CaCO3) and calcium oxide (CaO) were tested as liming agents. Coversoil
was applied at rates of 15 and . 30 cm. Response to treatment was monitored over a two year period.
Soil and spoil temperature and water content were also monitored.

The CARWA lime rates of both liming agents neutralized the coal refuse pH for the surface 0 to 10 cm
depth in all treatments. Increasing the lime rate five times the CARWA recommendation often resulted
in significant increase in coal refuse pH, yet the vegetation was adversely affected. Vegetation response
was significantly lower on the 5 fold CARWA lime treatment than other limed treatments, possibly due
to high salt concentrations from over-liming. All treatments had significantly greater plant response
than the control, which had no plant growth by the second season. Vegetation response was greatest on
coversoiled treatments. Increasing coversoil application from 15 to 30 cm did not significantly increase
plant performance.

Maximum root penetration depth in coal waste was near the depth of lime incorporation in all
treatments. Root penetration was deepest in the deep lime (100 cm ) and 30 cm coversoil treatments.
Root distribution was neither confined nor concentrated in coversoil. Root proliferation in limed coal
waste was similar to that present in overlying coversoil.
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ABSTRACT

Coal refuse waste piles are a legacy of prelaw coal.

mining activities. These barren, steeply-sloped piles have
adverse physical and chemical properties which preclude
vegetation establishment. The state of Montana has many coal
refuse disposal sites, and the Abandoned Mine Lands Program
-is faced with successfully reclaiming these areas.

Experimental'plots to test the effects of lime rate and
coversoil application on coal refuse were implemented at an
abandoned coal mine near Stockett, Montana. The coal refuse
at this site was black (2.5 Y 2/0), acidic (pH=2.8), had an
average coarse fragment content of 85 percent by weight and
low water holding capacity. The Computerized Automatic Rapid
Weathering Apparatus (CARWA) was used to estimate the lime
required to neutralize present and potential acidity of the
coal refuse., A heavy lime rate (five fold CARWA) was
included as a treatment. Deep lime incorporation (100 cm)
was also tested. Calcium carbonate (CaC03) and calcium oxide
(Ca0) were tested as 1liming agents. Coversoil was applied
at rates of 15 and 30 cm. Response to treatment was
monitored over a two year period. Soil and spoil temperature
and water content were also monitored.

The CARWA lime rates of both liming agents neutralized

the coal refuse pH for the surface 0 to 10 cm depth in all
treatments. Increasing the lime rate five times the CARWA

recommendation often .resulted in significant increase in-

coal refuse pH, yet the vegetation was adversely affected.
Vegetation response was significantly 1lower on the 5.fold
CARWA lime treatment than other limed treatments, possibly
due to high salt concentrations from over-liming. All
treatments had significantly greater plant response than the
control, which had no plant growth by the second season.

Vegetation response was greatest on coversoiled treatments.

Increasing coversoil application from 15 to 30 ecm did not

significantly increase plant performance.

Maximum root penetration depth in coal waste was near
~ the depth of 1lime incorporation in all treatments. Root
penetration was deepest in the deep lime (100 cm ) and 30 cm
coversoil treatments. Root distribution was neither confined
nor concentrated:- in coversoil. Root proliferation in limed
coal waste was similar - to that present in overlying
coversoil. '




INTRODUCTION

The federal coal mining law, Public Law 95-87

provides funding at the state level for the reclamation of

land affected by abandoned mining operations, The .coal
waste disposal sites scattered throughyﬁhé coal mining
regions are major reclamation challenges faced Sy the state
of Montana. Barren steeply sloped coal waste piles are a
pollutioﬁ hazard to -the acreage they occupy and. degrade
surrounding water systems. The Abandongd Mines Lands Program
of Montana, directed by the Department of State Landslhas
inventoried the coal waspe sites across the state at 1,620
hectares (4,000 acres) of land disturbed, and has begun
reclamation on many sites.

Reclaiming abandoned coal waste poses a number of
problems. These sites must be stabilized anq tevegépated
without significantly increasing the land disturbance. Site
feclamation should be self maintaining and permanent.
Adverse physical and chemical characteristics of the coal
waste must be ameliorated in the plant rooting zone to allow
vegetation establiéhmént and permanent cover.

Most coal wastes are acid generating due to pyrite
oxidation from- -exposure to atmospheric‘oxygen. The'total

lime requirement must be determined to insure permanent

neutralization of acid yielding wastes. Lime recommendations

which do not account for long term acid production may
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result in waste reacidification and revegetation failure.

Overliming is expensive and c¢an cause salt and fertiiitf
problem§, reducing revegetation success.

Supply of adequafe' coversoil, shown to be vital to
vegetation establishment on coal waste 1is often limiting

(Hoving et al. 1984 and Jastrow et al. 1981b). Unlike

current mining activities, no coversoil was salvaged prior

to disturbance.

Montana's Abandonéd Mine Lands Program has been
actively reclaiming coal waste dispoéal sites 1in the Sand
Coulee and Stockett area since the Spring of 1985. Oné of
the larger coal waste sites was set aside for the purpose of
reclamation research. The‘objectives of this stﬁdy were:

1) to field test the total lime requirement |
determination of the Computerized Automatic Rapid
Weathéring Apparatus (CARWA);

2) to compare the effects of agricultural lime (CaC03)
and cement plant kiln dust (CaO) as liming agents;

3) to compare the effects of 0, 15 and 30 cm of‘
coversoil on vegetatiﬁn performance;

4) 'to characterize root distribﬁtion in amended
coal refuse;

5) to m&nitor water availability and surface
temperature as influenced by coyersoil and

vegetation establishment.

T
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LITERATURE REVIEW

Before mined land reclamation laws were enacfed, the
coal mining industry disposed of its mining and prepa}ation
wastes according to ecqnomics and proximity to the
: operatién. This quick and eésy disposal method generated
coal waste heaps on the 1andscape throughout the coal miping
areas of the United States. At the time of disposal, there
was little Kknowledge of or concern for the environmentai
consequences of such practices, and land area.was not .
limiting. Out of equilibrium with the environment; coal -
wastes usually generate acid from pyrite oxidation énd 1each
high levels of salts into the sﬁrrounding sufface and ground
water systems (Zellmer et al. 1978 and 1979). Chemical,
physicél and topographicai features of coal refuse‘ piles
preclude vegetation establishment, resulting in-material
instability and erosion. Without-reclamation it may take
hundreds to thousands of years for the coal refuse to
" equilibrate with the environment, with constant degradation
in the process. |

Prior to the passage of Public Law 95-87 in 1977, there
were no federal laws regulating coal refuse disposal. By the
time federal or state legislation intervened there were
approximately 70,800 hectares of abandoned, unreclaimed coal
refuse throughéut the'United States‘(Johnson énd Millef

1979). These sites have no- real land use'of .economic. value
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and can become pubic.health hazards in addition to their
environmentallhazard. An abandoned site, by definition is
not the respbnsibiiity of any single mine éombany and
therefore is left to the state to reclaim (Jastrsw'et al.
1981b). Reclamation of cdal‘refuse piles across the United
States is an expensive proposition due to the large area

affected, magnitude of the environmental dégradation and

cost of reclamation. Research on amending and reclaiming the

refuse has been undertaken in many coal mining states, and

some progress has been made.

Coal Refuse Reclamation

Coal refuse has a multitude.of characteristics which

preclude'vegetation invasion (Jastrow et al. 1981, Jastrow

et al. 1984 and Michaloviec and Fisher 1984). Coal waste is

comprised principally of waste coal intermixed with black
shale and other rock fragments. Dominated by EOal,‘the
material is black and véry high in coarse fragmenps. The
high coarse fragment content causes low water holding
capacity and nutrient deficiency kJastrow et al. 1981b).
Coal waste piles are typically steep-;loped; with the
unconsolidated material continually eroding and moving
downslope. This instability removeé any vegeﬂation

attempting to establish in the refuse.
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The chemical properties of coal waste are often toxic
or inhibitory to plant establishment. Iron pyrite (FeSQ),
a reduced form of sulfur, is often associated with coal
deposition. Crystalline pyfite (framboidal) will feadily
react with oxygen and water to produce acidity. Acid
generation by pyrite oxidation is common to all ﬁining where
weatherable pyrite is brougﬁt>to the surface. This complex
chemical reaction is catalyéed by iron dxidizing bacteria of
the genera Thigbacillus and Ferrobacillus anq is summarized
below. |

2FeSy + TOp + 2Ho0 => 2Fe*+ + 4S0y= + UH*

There are .also high levels of organic sulfur compounds in
coal refuse which may be contributing to acid production.
Acid production causes a drastic dfop in pH, recorded as low
as 1.3 (Miller and Cameron 1978) with values of 2.0 to 3.0
common. Iron, aluminum, manganese énd'other metals become
soluble at these’pH values (Bohn et al. 1979). Many of these
metals are highly toxic to plant and aquatic life. In the
form of soluble salts, these compounds further inhibit
plant establishment. Without ;lant espablishment, leaching
ocecurs at a faster rate through the pyritic goal wéste
materials (Mele and Prodan 1983). As watér runs off or

leaches through the refuse, toxic salts enter the surface

" and ground water aquifers.
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Amending and Reclaiming Coal Refuse

Although some coal refuse is returned underground, most
must be reclaimed at the surface. Reclaiming coél waste
entails neutralizing the produced and potential acidity,
impeding pyrite oxidation, and ameliorating thé physical
properties restricting plant growth. Establishment and
maintenance of self-sustaining plant populations 1is key to
long-term reclamation of coal refuse (Jastrow et al. 1984).

Liming agents have long been utilized to raise soil and
spoil pH. Determining ﬁhe amount of lime ‘required- to -
neutralize the potential and produced acidity from ﬁyrite”
oxidation of surface spoils has met with difficulty
(Michalovic and Fisher 1984). Traditional methods of lime
requirement determination on agricultural soils via buffer
tests do not account for the large pbtentiai aéidity of
acid mine spoils, and generally undérestimate the lime
requirement (Jastrow et al. 1981a). Acid-base acqountiné‘
(Smith et al. 1974) often ovéreStimétes acid production.
This method determines total pyritic sulfur for acid.
production, when much of the pyrite ma& be in massive form.
Massive pyrife is'relatively unreactive dué to its low
surface area, and will contribute 1little to . acid prodqction.
Acid production from the organic sulfur compounds in coal
waste 1is uncertain, and fheir presence result in difficult

interpretations of acid-base account data (Dollhopf 1984).

e - - T ™7 T 7T
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"Soil-lime incubation was used by Jastrow et al. (1981b)
to determine liming rates for the SéaUnton'1 project in
Illinois. Lime was mixed at various rates with the coal
waste and pH was.monitored until it stabilized for several
days. Problems can occur in chqosing test rates and the time
involved in waiting for equilibrium. |

Simulated weathering in humidity cells has been used
to determine acid production (Caruccio 1968,'Sobek et al.
1978, Russell ana Dollhopf 1984, Harvey and Dollhopf 1985).
Laboratory‘weathering generates acid production curves for"-
each.spoil sample and by mathematical extrapolation .
predicts long-term acid prdduction and lime requiremént.
Previous laboratory weathering involved six to twelve weeks
for results. Harvéy and Dollhopf.(1985) automatéd the
process, receiving weathering results in 24 hours. The
Coﬁputerized Automatic Rapid Weathering Apparatus (CARWA)
determines the long-term acid production from weathering and
generates a lime requirement.

Solubility and particle size of liming agents are_‘
extremely important in terms of short and long term
neﬁtraiization potentidl. The solubility of.a limihg agent
is influenced by the amount of surface area in confact with
thé spoil solufion. Meyef and Volk (1952) found ground

limestone should be less than 0.25 mm in diameter-(60 mesh)

for optimum dissolution.

——T ~ 1B Rt |t i iy i oo 11 T
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Coversoiling

Reducing water stress, especially at the surface of a
coal refuse pile is essential for plant éstablishment. High
thermal insulation at the surface of the black refuse and
low water holding capacity of the coarse material creates an
adverse environment for plant establishment. Application of
coversoil over neutralized coal waste provides a more
suitable medium for plant growth. Surface temperature is
reduced and native soil has a much higher water holding
capacity than coai refuse,

The Argonne National Laboratory research project at the

Staunton 1 site, near Staunton, Illinois was designed to

evaluate coversoil depth, lime application and plant species

response (Jastrow et al. 1984). Rétesvof coversoil were 0,
15, 30, and 60 cm. After two years the 0 cm plots failed to
establish sufficient veéetation to control erosion even with
lime application, fertilization and seeding. it was - deemed
necessary to apply 15 cm of coversoil to these plbts for
vegetation establishment. In four yeérs, two of which were
drought years, there was approximately 75 percent cover on
the 15 anmd 30 cm plots and 90 bercgnt cover on the 60 cm
plots. The study concluded.tﬁat coversoil was important for
adequate rooting depth to méintain a diverse plant
community, partidularly when moisture was limiting. The main

factor affecting plant estabiishment was rooting depth.
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Layering coversoil over coal waste improves water

holding capacity at the surface but may cause subsurfacé

water deficiencies. Less moisture was found in the coal .

waste overlain by coversoil than in the same depth of coal
waste without coversoil application. Water moves much -slower
through a layered soil where fine materials overlay coarse

materials., Water is held longer in the topsoil due to

decreased movement into the coarser coal refuse (Mueller and -

Vance 1981). Mixing coal waste and coversoil at the
interface, and then placing a layer of soil above haé been
proposed to increase water movement into coal waste (Jastrow
et al. 1984).

Covering coal refuse with a layer of soil physically

limits the accessibility of oxygen to the pyritic material.

Soil and vegetation cover reduce water and atmospheric
oxygen contact with the pyritic refuse, retarding or
eliminating the production of acid (Hoving and Hood 1984).

Coal refuse reciamation activities throughout the

United States have exhibited piant germination and signs of .

revegetation.  Questions of cost effective coversoil depth,
appropriate lime requirement aetermination, species
selection and long-term succesé still remain. Rggional
climate, coversoil resdufce, public opinion and money
allocated will help dictate how phe vast acreages‘of these

materials are reclaimed.

7T
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MATERIALS AND METHODS

Site Description

The Sand Coulee and Stockett areas, 20 miles southeast
of Great Falls, Montana had extensive, underground coal
mining from the late 1800"s until the 1940"s. No active coal
mining has occurred iIn the area since 1947 when the Giffen
Mine closed. Coal waste piles were scattered throughout the
area and ranged from a few square meters to many hectares.
The Giffen site, with 300,000 cubic meters of coal waste
covering 9 hectares (Anderson 1985) was set aside by the
Abandoned Mine Lands Program for reclamation research. The
site was located on both sides of Number Five Coulee Road,

three miles southeast Stockett (Figure 1I).

Figure 1. Location of the Giffen site, Stockett, Montana.
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Field Plot Design

In April, 1985 mueh of the coal refuse pile southeast
of Number Five Coulee Road was regraded resulting in a
gently sloping area (7% W) for the test plots. The’fiela
plot design Qas randomized complete block ie three
replications. Plots 7.75 m on a eide were staked with a.
three meter alley between replications. Oﬂé'plot was split
to accommodate all treatments in the respricted regraded
area. Areas désignated for c¢oversoiling were excavated -to
keep all plot treatments on the same plane once soil layers
were applied.

Based on lime and coversoil application rates, seVen
treatments were implemented at the.Giffen site. Table 1
describes the treatments applied ane Figure 2 demonstrates

the field plot design.

Table 1. Treatments applied at the Giffen site. N

Ploﬁ Treatment

Control -

CaC03, CARWA rate, 0-35 cn ,

Ca0, five fold CARWA rate, 0-35 cm

Cao0, CARWA rate, 0-35 cm )

Cao, CARWA rate, 0-100 cm

Cao, CARWA rate, 0-35-cm, 15 cm coversoil
Cao0, CARWA rate, ‘0-35 cm, 30 cm coversoil

~NOUl =W -
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Figure 2. Field plot design implemented at the Giffen site.
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Lime. Requirement Determination

The Computerized Automatic Rapid Weathering Apparatus
(CARWA) as described by Hérvey and Doilhopf k1§86) was
employed to determine'lime requirements on 18 coai waste
samples selected from the center of each plot. The 18 bulk
samples were ﬁechanically flailed wiﬁh a Hewitt soil grinder
to disaggregate the coal waste into soil sized particles
(less than 2 mm in diaheter). Two hundred gram samples of
prepared coal waste were placed in weatheriﬁg chambers after
bacteria inoculation, and were subjected to six weathering
cycles (Harvey and Dollhopf 1986). Spoil solutions were
extracted after each cycle and the titratable acidity was
determined. Titratable acidity for the 200 gram sample was
converted to pure calcium carbonate equivalence requitred to
neutralize a spoil profile depth of. 15 ecm. Utilizing the
logarithmic extrapolation of acid production over weathering
cycles, calcium carbonéte required fo neutralize acid
production was summated for a 30 year period for each coal
waste sample. A sample from each plot of the center
replication wés sent to Energy Laboratories §f Billings,
Montana for acid-~base acéount (Smith et ai.'1974) for
comparison to CARWA recomﬁendations. ‘

The CARWA 1lime récommendations.between samples varied
notably due to the non-pniform‘ nature of the coal waste

material. Sample variability in coal waste materials was

\
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I .
noted by Kracpac et al. (1983). The largest .30 year 1lime

rate was chosen to assure complete acid neutralization

throughout the site. The CARWA and hea?y lime rate were

adjusted for lime agent purity, incorporation efficiency and

depth of incofporation.

Liming Agents

Two liming agents were tested at the Giffen site.

Agricultural lime (CaCO3) is a common neutralization agent -

for acidic matérials, and is mined and processed for sale.
The solubility of calcium carbonate is low; 0.0014 g/100
cm3 in cold water (pH=5.5) (Weast et al. 1981). The
limestone utilized at the Giffen site was determined 90
percent pure calqium carbonate equivalent by the titration
method (AOAC 1975). The particle sizes of the ground
limestone were all less than 0.42 mm, with 55 pefcent of the
material less than 0.25 mm (50'mesh5. |

Kiln dust, a waste product of the cement manufacturing
industry, consists primarily of calcium oxide (CaO);
Presently, kiln dustléan be purchased very\cheaply, often
for shipment costs. The solubility of CaO is much higher
than CaCO3 at 0.131 g/100 cm3 in cold watér ka:S.S) (Weast

et al. 1981). Cement kiln dust from Trident, Montana was

determined 85 percent pure calcium carbonate equivalent by.

titration (AOQAC 1975), Over 99 percent of the kiln dust
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(Ca0) was 0.25 mm in size or less (50 mésh). The increased
reactivity, significantly lower qosté and utilization of an
industrial waste product, make the usage of cement kiin dust

for acid material reclamation very attractive.

Field Plot Implementationy

During the first week of May, 1985, the plots were
limed, tépsoiled and seeded (Figure 2). Liming agents were
weighed and hand applied to all plots (excluding the
control) to insure proper amounts and distributions. Each
lime rate was increased 25 percent to compensate for lack of -
incorporation effiéiency. A ditch Qitch was used to obtain
the 100 cm depth necessary for the deep lime incorporation
treatment. A chisel plow was used to incorporate the lime to -
a depth of 35 em on the other 1imed plots.'Soi; from a
nearby source was'stripped and used for coversoil on two
treatments. One treatment recéived 15 em of loémy A horizonf 
material containing less than 20 percent coarse frégments.
Another treatment consisted of 15 cm of loamy B horizon-
material overlain by 15 cm of the A horizon, totalling 30 cm
of coversoil.

All.plots were seeded with 11 species chosen for acid
and drought tolerance (Table 2). Eqpal amounts of eaéh
species were seeded at 3.27 kg PLS/ha; witH a total rate.of
36 kg PLS/ha. o
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Table 2. Plant species seeded at the Giffen site.

Species . Seeds/m?

Grasses .
Agropyron dasystachyum 28
Agropyron intermedium 14
Agropyron riparian 24
Agropyron smithii 19
Agropyron spicatum 17
Festuca ovina 84
Oryzopsis hymenoides 28
Poa compressa 370

Forbs
Astragulus cicer 21
Linum lewisii yu

Lotus corniculatus ‘ 62

All plots were fertilized with 54 kg/ha N and 36 kg/ha
P20g. A topdressing of Jacklin organic hydromulch was
applied. A rain gauge was used to estimate precipitation at

the site during the two field seasons.

Plot Irrigation

Due to the iack of precipitation in the area during the
Spring of 1985, it was deemed necessary to'irfigate the site
for seedliné emergence..On May 22, 1985, 13 mm of watgr |
from a local stockpond was applied to the site with an

anticipated depth of penetration of 67 mm.
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Minesoil Chemical Analysis

A bulk samble of coal refuse collected from numerous

points across the experimental site waé sent to Energy. .

Laboratories for chemical analysis. Table 3 describes the

parameters analyzed and the methods used.

Minesoil Physical Analysis

Core samples were collected in each plot of the center

-replication. Samples-from one core in each plot were used

for particle size analysis. A second set of cores were:

coilected for Qater holding capacity estimation, determined

. With a pressure plate apparatus.

Core sample increments-desﬁined for particle size
analysis were prepared by ﬁechanical flailing. All samples
were air dried and prepared with aléoil flailer. The
flailing process entails the placement Qf coal refuse in a
chamber where spinning beater bars disaggregate the sample
and produce a less than 2 @m fraction as well as rock
fragments (22 mm diameter). The hydfometer.method (Day 1965)
was used on the less than 2 mm diameter fraction. Hydrometer
readings were taken atnvarious timé intervals over an eight -

hour period. Soil textural-classes were determined using

percent sand (<2-0.05 mm), silt (<0.05-0.002 mm) and clay




Table 3. Methods of chemical analysis of coal refuse from the Giffen site

Parameter Procedure Reference
H Electrode in water saturated paste McLean (1973) p- 77-95.
Electrical Conductivity Water saturated paste extract Sandoval and Power (1982) p. 22-24.
Cation Exchange Capacity Sodium acetate saturation Rhoades (1982) p.154.
Exchangeable Ca, Mg, Na, K Ammonium acetate extraction Thomas (1982) p. 160.
Exchangeable Sodium Percentage Exchangeable sodium / CEC U.S. Salinity Lab Staff (1954) p. 155.
Base Saturation Exchangeable bases / CEC U.S.D.A. (1984) p. 31.
Extractable Aluminum Ammonium Acetate (pH=5.5) Barnhisel and Bertsh (1982) p. 275-300.
Trace Metals, Total Nitric acid-hydrogen peroxide E.P.A. method 3050.
(Ag, As, Cd, Fe, Pb, Mn, Zn) digestion
Selenium Same as Metals E.P.A. method 3050.
Boron Hot water extractable Bingham (1982) p. 443-444.
Molybdenum Acid Ammonium oxalate method Reisenauer (1965) p. 1056-1057.
Anions Saturated paste extraction Rand (1976) p. 253-257.
(Cl, s0il, NO3, C03, HCO3)
Phosphorus Bray Method Olsen (1982) p. 416-418.
Organic Carbon Bichromate oxidation Nelson and Sommers (1982) p. 570-571.

Total Carbon Dry combustion Nelson and Sommers (1982) p. 545-549.
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(<0.002 mm) particle sizes. Clay mineralogy was determined
on the clay si;ea fraction by x-~ray diffraction.

Core sample ﬁaterial coilected for blant available
water estimation were prepared with a mortar and pestle;
Materials leés than 4.75 mm diameter (passing the # 4 §ieve)
were saturated overnight, ana then were subjected to 0.1 and
15 bars of pressure on a pressure plaﬁe apparatus (Hillel
1980) until no more water was colleéted. The samples were
immediately weighed, oven dried at 105 degrees C and then
réaweighed to determine water céntent on a dry weight. basis.

" Small coarse fragments (2 mm - 4,75 mm) were included
in the pressure plate analysis due to the coarsé'nature of
coal waste, and the effect of sample pretreatment‘on soil
moisture retention (Eirick and Tanner 1955). Hénson and
Blevins (1979) found that water held in cbarse fragments
piays an important role in water availability of materials
high in coarse fragments.

The water content held at 0.1 baré suction approximates
the amount of water held against gravity in é coarse
textured material. The water content at 15 bars suction
approximates the lower iimit of soil moisture available to
plants, called permanent wilting percentage (Hillel i980).
The differéhcé between graviméﬁric and permanent wilting

(0.1 minus 15 bar water in coal waste)‘apprbximates plant

available water.
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No reliable value for bulk density was determined.
Attembts to determine bulk density resulted in a wide
range of numbers,'which were not reproducible. All water

measurements were therefore on a gravimetric basis.

Minesoil pH Measurement

éore samples were collected in the Fall of 1985, Spring
of 1986, and Fall of 1986 for pH ana;ysis._Three core
samples were taken in each plof making a total of~63 cores.
Each core was incremented in the field to obtain three
samples 1in the zoﬁe of lime incorporation, and 6ne below.
Depth increments in the coversoil and 100 cm lime freathent
differ from the other treatments'to compensate for the depth
of lime incorporation and coveréoil application. Table 4
contains the depth increments for eéch plot used for pH

analysis.

Table 4. Profile core depth increments (cm) of coal refuse
used for pH analysis at the Giffen site. o

Treatment
o ca0l - Ca02
. CaCo Cal Ca0 . Ca0 9.0 mt/ha 9.0 mt/ha
8.6 mt/ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cm,
Control to 35 em to 35 em to 35 cm _ to 100 cm 15 em coversoil 30 cm coversoil
0-10 0-10 0-10. 0--10 0-30 0-10\ 0;10 -
10-20 10-20 10-20 10-20 30-60 10-20 . 10-20
20-35 20-35 20-35 20-35 60-100 20-35 20-35
35-50 35-50. 35-50 © 35-50 100-115 35-50 35-50

T

- 15 cm overly;ng coversoll was incremented at 0-10 em and 10-15 om forrpH analysis.
- 30 cm overlying coversoil was incremented at 0-15, 15-25 and 25-30 em for pH analysis.

— p— [T e——r ™ T
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Minesoil core materials were mechanically flailed for
pPH analysis as described for physical analysis. The ffaction
less than 2 mm was collectéd and placed in cups. Distil;ed,
deionized water was édded until thé soil and spoil materialgi
were saturated. The pastes were extracted the following day
and pH 'was measured with a glass electrode (McLean 1973). An
Orion research ionalyzer, model 801 digital pH.meter was

used to record pH to the nearest hundredth of a unit.

Vegetation Monitoring

Seedling density was recorded on June 13, 1985.
The emerged vegetation was subdivided into four plant
categories; seeded g?ass,'seeded forb, non-seeded forb "and
non-seeded shrub. Non-seeded shrubs volunteered from the
applied coversoil. Seedliné counts of each plant category
within 20 X‘SO cm frame were recorded along a north-south
diagonal. Data from 35 frames at 20 cm intervals were
collected in each plot.

Plant canopy cover and production were measured on July
24, 1985. Two transects‘wefe established in each plot. "The
transects were equidistant from the edges of the plot and
each other. A one meter buffer zone was established on all
plot edges where nonsampling occurred. Percent cover was
recorded in fourteen 20 x 50 cm frames along one tnansebt

(Daubemire 1959). The frames Qefe separated by 20 cm
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intervals. Vegetation readings were grouped 1into the fo@r
plant categories. Production was determined by clipping
above ground biomass within 50 x 50 cm frames. All framés
were clipped on the‘same side of the second transect. Five
frames wére clipped per transect, with a 20 em interval
between each frame. Vegetation was clipped by plant
category. The plant méterials were oven dried fOr'72 hours
at 60 degrees C before weighing.

The second year'pléﬁﬁ data collection was similar to
the first years collection. Percent canopy cover was 
recorded in the same locétions as the first year. Production
frémes were clipped on the alternate side of the second
transect, in areas undisturbed by the. first years sample
coliection. All non-seeded, volunteering shrﬁbs died by the
.second season, and measurable non-seeded grasses (annuals)
were recorded on many-plpts; Second year plant classes
became; seeded grass, seeded forb, non-seeded forb and non-

seeded grass.

Statistical Analysis of Vegetation Data

Plant categories designed to accommodate vegetation
volunteering from coversoil and'vegetation response
to treatment resulted in data sets -with distributions skewed
to the right.'Data transformations were neéésséry before

these data could be analyzed statistically for analysis of
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variance. The logarithmic transformation of log(x + 1.01)
was used on all vegetation data befofe statistical
summarization. Use of the 1ogariﬁhmic transformation changes
data skewed to the right (Poisson distribution) to normal .
distributions. Once these data were summarized
statistically, they transformed back without significant

data alteration (LaClerg et al. 1962).

Root Abundance Study

On September 27, 1986, data were collected to determine
maximum rooting depth and relative root abundance in each
treatment. A pit was dug in every plot- where vegetation was
well established to expose the root profile. Pits were
intentionally located near healthy, vigorous plants on all
treatments. | |

After maximum rooting depth was determined, visual
observations of root abundance were made_at the depfhs.used,
for pH analysis (Table 4). The nature of the coal refuse and
time limitations made reliable root counting difficult. Root
observations were recorded as few, some, coﬁmon{ and many.
This technique was a modified version of one described by
the Soil Survey Staff (1975). Numerical'vaIUes of 1 to 4
were assigned to the classifications of few, some, common,
and many to permit analysis of variance on fhe observations

(Table 5).
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Table 5. Root abundance by number and size, per dm2.

Number Very filne Fine Med1lum Coarse
Class Assigned (<1. mm) (1=2 mm) (>2-5 mm) (>5-10 mm)
Few 1 < 10 < 10 < <
Some 2 10-50 10-50 1-5 : 1-3
Common 3 > 50-100 > 50-~100 > 5=10 >.3-5
Many 4 > 100 .> 100 > 10 > 5

Field Minesoil Water Measurements

Field moisture was monitored with a Type A Troxler
neutron moisture probg, americium-beryllium source, model
1255. Aluminum access tubes slightly larger in diameter than
the 5 cm prdbe'were‘inserted to the 200 cm depﬁh'in holes
resulting from available water'sample colléétion. Water was
monitored by neutron probe in materials surrounding.those on
which plant available watef was estiméted to reiaté blant
available water to actual water held in the coal waste.
Readings were taken at 15 cm depth intervals to 90. em, then
30 em intervals down to the 180 cm depth; Niné depth
increments.were measured for' each tube.

The moisture probe was calibrated by relating count
ratios to‘water contents of soil cores. Shallow pits were
dug and 0, 12, 20 and 40 liters (0,‘3, 5 and 10 gallons) of
water were applied. Water immediately infiltrated into the
cdal waste due to its coarse nature. Soii.éores Qere cut and

core samples were collected. Access tubes were inserted in
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each test hole and neutron probe readings were taken at the
core incfement depths.

The samples were placed in air tight bags and returned
to the lab.'Spoil material weight was determined befdre and
after oven-drying at 105 degrees C for 48 héuré, and
gravimetric moisture was determiﬁed on a dry weight basis.
Gravimetric moisture was cor%elated to the neutron probe
count ratioé_byllinear regression..The cofrelation
coefficient was r = 0.67, which indicated a moderate
correlation between grévimetric moisture and count ratio.
The calibration equation'was y = 18.81x - 12.27. This
relationship was used to convert neutron probe couﬁt ratios
to gravimetric water content for each'méasurement throughout -
the growing season;

The heutron probe could not accurately measure profile
water in the 0 to 22.5 cm‘zone due to ioss'of neutroné out

through the soil surface. All water measurements in the

surface increment were extremely low due to reduced slow -

neutron count used to determine water content. For all

treatments.except the 30 cm coversoil treatment, the 22.5 to
37.5 em zone was the shallowest recorded 4increment.
Extremely low watef contents were also recorded at the 22.5
to 37.5 cm zone in the pldt with the 30 em of coversoil;

These data had to be discarded. It was suspected that large
voids were present at the>coversoil/spoil interface

immediately adjacent to the neutron probe access .tube. Such
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voids would contribute to the loss of neutrons, thereby

causing low water content readings.

Temperature Monitoring

Thermocouple psychrométers were placed at 1, 10, 25
and 50 cm in si#‘plots. Temperatures were‘measured with an
Omega Type T digital meter thermocduple'thermometer during
the two field seasons. A Barnes Instatherm infra-red
thermbmeter, model 14-220-4 was used to measure surface
temperature. Readings were taken by aiming at the center of
each piot, which enabled over 50 percent of the plot to be:
monitored. Temperature feadings were taken at apprdximatély
2:00 PM eadh time, when surfaée temperatures were thé

highest.

Statistical Analysis

Analysis of variance was performed on all data sets-for
data summarizétion anchomparison. Least significant
difference coefficiénts were assigned to each méan with 95
percent confidence. Sample size was réported with every data

summary. The ANOVA components are reported in Appendix B..
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RESULTS AND DISCUSSION

Lime Requirement Determination

The 30 year CARWA lime recommendations on. the 18-

weathered coal waste samples from .the Giffen site rangéd
0.16 to 2.64 mt/ha for a 15 cm profile. To assure
neutralization across the site, the 2.64 rate was used for
calculating lime necessary fqr each plot. After adjuéting
the lime rate of 2.64 mt/ha for 1lime agent purity,
incorporation efficiency and depth of incorporaﬁion, a total
~lime requirement for eacﬁ treatment was determined (Table

6).

Table 6. Lime rates applied at the Giffen site.

Plot Treatment

1 Control .

2 CaCO3, 8.6 mt/hal to 35 cm

3 Ca0, 45.8 mt/ha to 35 cm

) Cao, 9.0 mt/ha to 35 cm

5 Ca0, 25.7 mt/ha to 100 cm

6 Cao, 9.0 mt/ha to 35 cm, 15 cm coversoil
7 Cao, 9.0 mt/ha to 35 cm, 30 cm coversoil

T 1 mt/ha equals 0.446 U.S. tons/acre.

Acid-Base Account

A bulk coal waste sample was taken . from each plot of

the center replication for acid-base account analysis.
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Subsamples were sent to Energy Laboratories of Billings for
adid-base account analysis (ABA). A CARWA 1lime
recommendation was determined on the remainder of edch
sample for comparison; Results of sulfur fractionation, ABA

and CARWA are presented in Table 7.

Table 7. Sulfur fractionation, acid-base account and CARWA
liming recommendations. :

Plots
1 2 3 4 5 6

Total Sulfur (%) 0.90 0.73 0.67 0.77 0.90 0.61
Sulfate 'Sulfur (%) 0.13 0.01 0.01 0.01 0.07 0.01
Pyritic Sulfur (%) 0.04 0.14 0.04 0.09 0.12 0.07
Organic Sulfur (%) 0.73 0.59 0.63 0.68 0.71 0.53
Neutralization! 0.50 °  1.00 1.33 0.50 0.50 0.50
Poténtial (ppt) : :

Acid-base Account] 21.47 20.27 18.78 21.28 23.24 16 .54
CARWA Lime Ratel 1.84 0.35 0.21 - 0.29 0.81 0.39

- mt CaCO3/ha required to neutralize a 15 cm depth.

Acid-base accounp‘daté ranged from 16.5 to 23.2 mt CaCO3/ha
for a 15 cm depth of coal waste. The corresponding CARWA
recommendations ranged from 0.21 té 1.84 mt CaCO3/ha for a
15 cm coal waste deptﬁf Acid-base account recommendations
were 1 to 2 orderé of magnitude higher than CARWA.

Sulfur fractionation shows organic sulfur as the majqr
component (80 to 90 percent) of the total sglfur in the coal
waste sample. Freaerick et al. (1957) ;tudied decompos;tion
of organic $u1fur compounds in soils and found that 13nof
the 21 organic sulfur species studied did not measurably
decompose over the 20 week sﬁudy'period. Due to its organic

nature, coal refuse prediétably has more organic sulfur
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compounds than nmineral soils. Organic sulfur compounds which
do not readily decompose to form acids will not have much
influence on the acid production of these materials. The
large discrepaﬁéy 5étween.ABA and CARWA récommendétidns is
at least partially dpe fo the reactivity of the dominant

sulfur compounds.

Coal Waste Chemical Analysis

The dominant chemical characterisﬁics of the coa;
refuse from the Giffen site wefe the high organic carbon
content and high iron and sulfate cpntents (Table 8). The
coal waste was 20.3 perééﬁt organic-carbon and 26.8 perqeﬂt
total carbon. High levels of iron (3,660 ug/g) énd_sulfatg
(2,660 ug/g) were evidenge of pyrite and its oxidation
product, sulfate. Sulfate production may also result from
the oxidatién of some organic'sulfides. |

The cation exchange cabacity Qas 12.4. meq/100 g, weli
within the 3-15 meq/100 g fange typical of kaolinitic clay
(Hillel, 1980). Base saturation was 39 percent, énd was
predominately due to the.exchangeable calcium lével of 4.32
meq/100 g. The base saturation of 39 was low and was due tb
the high concentration of hydrogen ions in.the coal refuse
(Donahue et al. 1977). The extract pH was 2.8. The EC was
3.59 mmhos/cm, near saline (U.S. Salinity Staff 1954) due to
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Table 8. Results of the chemical analy31s of coal refuse
from the Giffen site.

Parameter Chemical Analysis
pH ) 2.80 .
Electrical Conductivity (EC) : 3.59 mmhos/cm
Cation Exchange Capacity (CEC) 12.40 meq/100 g
Exchangeable Calcium '4.32 meq/100 g
Exchangeable Magnesium 0.23 meq/100 g
Exchangeable Sodium _ 0.01 meq/100 g
Exchangeable Potassium . 0.26 meq/100 g
Base Saturation Percentage 39.0 %
Exchangeable Sodium Percentage < 0.01 %
-Extractable Aluminum 33.2 ug/g soil
Total Silver 28.2 ug/g soil
Total Arsenic ' ' 1.4 ug/g soil
Total Cadmium 0.18 ug/g soil
Total Iron 3660 wug/g soil
Total Lead 78.0 ug/g soil
Total Manganese 4.0 ug/g soil
Total Zinc , 7.7 wug/g soil
Selenium <0.1 ug/g soil:
Boron 0.4 wug/g soil
Molybdenum 0.18 ug/g soil .
Chlorine 4.16 mg/1 -
Sulfate 2660 mg/l
Nitrate 0.33 mg/1
Carbonate 0.0 mg/l
Bicarbonate 0.0 mg/l
Phosphorus 4.83 ppm
Organic Carbon 20.3 %
Total Carbon 26.8 %

elevated sulfate. Exchanéeable sodium percentégé.was low
(<0.01 percent).

The fertility of coa; waste was low. The phosphorus
(4.83 ppm), potassium (0.26 meq/100 g) and nitrate t0.33
mg/l) levels were very low (Donahue et al. 1977). All anion
levels were low except sulfate. Boron (0.4 ppm), mol&bdenum
(0v18 ppm) and-selenium (<O;1) levels were not restfictive

to plant gfowth. All trace metals analyzed were below
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suspect phytotoxic levels except silver anq aluﬁinum
(Reclamation Research Unit 1986). The coal refuse was
enriched in total silver (28 ug/g) which was potentially
phytotoxic. Background levels of total silver in soils
throughout the United States seldom exceed 0.5 ug/g (Connor
and Shaklette 1975). Kabata-Pendias and Pendias (1984)
reported 2.0 ug/g total silver as phytotoxic. No other
studies on phytotoxic silver levels in soils were found. Due
to the lack of literature and difficulty in relating
phytotoxic soil levels from one material to another, the
phytotoxic silver concentration in coal refuse isluncertain.

The extractable aluminum in the coal refuse may also
be toxic to the plants seeded at the Giffen site. This
extractable aluminum level (33.2 ug/g soil) was lower than
low levels recorded in natural, highly weathered soils in
Hawaii (Ayres et al. 1965), yet may influence the growth of
Montana range plants. Aluminum toxicity is dependant on
plant tolerance to aluminum and the pH of the soil.
Increasing the pH of the éoal refuse with lime application
will reduce or eliminatg the potential for aluminum ﬁoxicity

(Barnhisel and Bertsch 1982).

Coal Waste Physical Characteristics

Coarse fragmenﬁ content by weight of the coal refuse at

the Giffen site ranged from 75 to 95 percent with a mean of
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85 percent, estimated from 10 bulk samples. Coversoil coarse

fragment contents of four bulk samples raﬁged from 10 to 20

percent, and averaged 15 percent. The Munsell color of coal
refuse was black (2.5 Y 2/0), and thé color of the coversoil
was dark yellowish brown (10 YR 4/4).
Gravimetfic‘plant.available Qater ranged from 0.8 to
15.8 percent in the coal refuse, with an average of 4.8
percent (Table 9). Plant available water ratings ranged from
| very low to high in the refuéé, and averaged low (7.2 cm
Ho0/150 em profile). This iarge range implies'high
variability in the .water holding capacity of the materials.
The textural class of coal refuse was loamy sand to
sandy loam. The coarse texture of the material and high
coarse fragment content resulted iﬂ rapid water drainage and
low water holding capacity. Clay mineralogy by x-ray
diffraction estimated the clay sized particles (<0.002\mm)
to be 95 percent kaolinite and 5 percent quartz. Minesoils
dominated by kaolinite clay minerals do not hold much water

compared to other clay types due to its non-expanding nature

and relatively =small specific surface area for a clay’

particle (Hillel, 1980). Water content of coal waste
available to plants was determined to be low based on
pressure plate analysis, particle size aﬁalysis gnd clay
mineralogy.

Plant available water in the coversoil ranged frém 9.8

to 12.7 percent and averaged 11.3 percent (Tabie 9). Water




Table 9. Physical analysis of spoil profiles at the Giffen site

Gravimetric Water Content (%)
lant Plant Available

Increment AT AT Available Cm Water/ water
Treatment Deoth (cm) 1/10 bar 15 bar (1/10-15 bar) 150 cm soil Rating 1
CONTROL 0-22.5 10.72 10.8
22.5- 37.5 13.1 7.8 5.3 8.0 Tow
37.5- 52.512.3 8.8 3.5 5.2 very low
52.5- 105 9.8 7.3 2.5 3.8 very low
105-195 20.9 51 15.8 23.7 high
CaCo3, 0-22.5 13.7 8.1 5.5 8.4 Tow
8.6 mt/ha 22_.5- 37.5 14.1 7.4 6.7 10.0 Tow
to 35 cm 37.5- 52.5 10.4 8.2 2.2 3.3 very low
52.5- 105 11.1 6.4 4.7 7.0 Tow
105-195 16.1 6.1 10.0 15.0 medium
Ca0, 0-22.5 17.0 9.5 7.5 11.2 Tow
45.8 mt/ha 22.5- 37.5 9.9 6.7 3.2 4.8 very low
to 35 cm 37.5- 52.5 10.2 8.7 1.5 2.3 very low
52.5- 105 8.2 6.1 2.1 3.2 very low
105-195 18.9 7.4 11.5 17.2 medium
Ca0, 0-22.5 11.5 9.2 2.3 3.5 very low
9.0 mt/ha 22.5- 37.5 10.1 9.3 0.8 1.2 very low
to 35 om 37.5- 52.5 19.3 13.5 5.8 8.7 Tow
52.5-105 10.9 7.9 3.0 4.5 very low
105-195 10.3 8.2 2.1 3.2 very low
Ca0, 0-22.5 11.8 8.3 3.5 5.2 very low
25.7 mt/ha 22.5- 37.514.1 8.7 5.4 8.1 Tow
to 100 cm 37._5- 52.5 13.5 9.4 4.1 6.2 very low
52.5- 105 13.5 7.2 6.3 9.4 Tow
105-195 15.2 8.0 7.2 10.8 Tow
Ca0, 0-15.03 20.5 10.7 9.8 14.7 medium
9.0 mt/ha 15.0-37.5 9.7 5.4 3.3 5.0 very low
15 cm 37.5- 52.5 9.1 6.7 2.4 3.5 very low
coversoil 52 5- 105 10.1 5.2 3.9 5.8 very low
105-195 9.9 5.0 4.9 7.4 Tow
Cao, 0-30.03 26.0 13.3 12.74 19.0 high
9.0 mt/ha 30.0-37.5 15.7 7.1 8.6 12.9 Tow
to 35 cm  37.5- 52.5 9.0 6.2 2.8 4.2 very low
30 cm _ 52.5- 105 12.8 8.0 4.8 7.2 Tow
coversoil 105-195 12.4 4.7 4.7 7.1 Tow

1 WATER RATING SYSTEM (Montagne et al. 1982) 2 AU gravimetric water contents

Ratlr;g cm Hq0/150 cm Soil
very low 7 _
Tow 7-13 2 Coversoil.
medium 13-18

high 18-25

very high 25

61
71
59
el

Particle Size

Silt  Clay
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P = = =
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Texture

Loamy Sand
Sandy Loam
Sandy Loam
Sandy Loam
Sandy Loam

Sandy Loam
Loamy Sand
Loamy Sand
Sandy Loam
Sandy Loam

Sandy Loam
Loamy Sand
Loamy Sand
Sandy Loam
Sandy Loam

Sandy Loam
Loamy Sand
Loamy Sand
Sandy Loam
Sandy Loam

Sandy Loam
Loamy Sand
Loamy Sand
Sandy Loam
Sandy Loam

Loam
Loamy Sand
Sandy Loam
Sandy Loam
Sandy Loam

Loam
Sandy Loam
Sandy Loam
Sandy Loam
Loamy Sand

reported are a mean of 3 values.
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ratings ranged from medium to high, and averaged medium.
Textural class was 1oam‘for béth samplés. Medium;te¥fufea
soils (loams) can hold large amounts .of available wéter
(Donahue et al. 1977). Based on plant available wétér
holding capacity, partiqlé size analysis and coarge fraément
content, the coversoil should hoid substantially more water

than the coal waste.

Minesoil pH Monitoring

The pH of the coversoil ranged from 7.0 to 7.69 tTables
10,11,12). All 1lime applications resulted in significantly
increasing the pH of the coal refuse compared to the control
in the 0 to 10 cm depth increment, and in the 0 to 30 em
depth increment in the Ca0l incorpbrated treatment to 100 cm.
The pH of the 0 to 10 cm increment remained above dr.near
neutral through the Fall of 1986 in all limed plots. |

Although statistical tests.of significance indicated
differences existéd~betweén limed plots for the 0 to 10 cm
depth increment, methods of deep incorporation, lime product
type (CaCQ3 and Ca0O), and the five fold lime rate all"
produced effective neutralization of coal waste acidity in.
this depth increment. The pH ranged from 6.48 to 7.65. This
trend was present for all three.sampling dates dﬁring 1985

and 1986.
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Table 10. Fall, 1985 pH measurements for each treatment at
the Giffen site.

Treatment
CaCo3 Ca0 Ca0 S0 ca0
CaO1 9.0 mt/ha
Profile 8.6 mt/ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, %oggtéga
Depth (cm) Control to 35 cm to 35 cm to 35 cm to 100 cm 15 cm coversoil 30 cm coversoil
ﬁ TT75
A 7. 13 7. 58
B Aa3 7.24 7.69
0-10 3. 202 7.65 Ce 7.58 Ce 7. 17 CBc 6 .69 Be 7.21 CBc 7.39 CBc
B 10-20 3.35 Aa 5.02 ABb 5.23 Bb 4.62 ABb 4. 67 ABb 5.57 Bb 5.31 Bb
B 20-35 2.93 Aa 2.90 Aa 3.83 Ba 2.98 Aa 3.81 Bab 2.96 Aa 2.92 Aa
B 35-50 2.83 Aa 2.89 Aa 3.34 Ba 2. 99 ABa 2.88 Aa 2.84 Aa 3. 16 ABa
A - Coversoil, 15 cm treatment incremented 0-10, 1(G-%5 cm, ommm
30 cm treatment incremented 0-15, 15-25, 25-30 cm.
B - Coal waste
I - Depth increments in this treatment were 0-30, 30-60, 60-100 and 100-115 cm.
* - Mean of 9 samples.
3

- Means followed by the same uppercase letter in the same row indicate no significant difference
in spoil pH (P=0.05).

- Means fi)llﬁwe(d by the same lowercase letter in the same column indicate no significant difference
in spoil pl .

Table 11. Spring, 1986 pH measurements for each treatment at
the Giffen site.

Treatment
CaS CaS
B CaCo03 Ca0 Ca0 CaO1 9.0 mt/ha 9.0 mt/ha
Profile 8.6 mt/ha  45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cm,
Depth (cm) Control to 35 cm to 35 cm to 35 cm to 100 cm 15 cm coversoil 30 cm coversoil
A 7.23
7. 00 7. 42
6.93 7.39
B 0-10 3.002 Aa3 7.31 Ce 7.38 Ce 7.05 CBc 6 .99 CBc 6.48 7.06 CBc
B 10-20 2.81 Aa 4.63 Bb 6.13 Cb 3.63 Abb 4. 91 CBb 3.99 ABb 3.73 ABb
B 20-35 2.84 Aa 3.21 ABa 3.75 Ba 3.01 ABa 5.00 Cb 3.03 ABab 3.54
B 35-50 3.24 ABa 3.51 ABa 3.98 Ba 3.09 Aba 3.23 ABa 2.77 Aa 2.87 Aa
A - Coversoil,15 cm treatment incremented 0-10, 10-15 cm, " -
30 cm treatment incremented 0-15 , 15-25, 25-30 cm.
B - Coal waste
1 - Depth increments in this treatment were 0-30, 30-60, 60-100 and 100-115 cm.
A - Mean of 9 samples.
3

- Means followed by the same uppercase letter in the same row indicate no significant difference
in spoil pH (P=0.05).

- Means followed by the same lowercase letter in the same column indicate no significant difference
in spoil pH (P=0.05).

Statistical tests of significance 1indicated pH
differences existed between treatments for the 10 to 20 cm
depth increment of limed coal waste (30 to 60 cm In the 100
cm incorporation treatment) during the three sampling dates
(Tables 10,11,12). Two years after lime application (Table
12) the pH of the 10 to 20 cm zone ranged from 4.13 to 6.98.

Except for the 9.1 mt/ha Ca0 treatment iIncorporated to the
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Table 12. Fall, 1986 pH measurements for each treatment at
the Giffen site.

ireatment
_ CaCo3 Ca0 Ca0 Ca0l 9.0 mt/ha 9.0 mt/ha
Profile 8.6 mt/ha 5.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cm,
Depth (cm)  Control to 35 cm to 35 cm to 35 cm  to 100 cm 15 cm coversoil 30 cm coversoil
ﬁ 7.35
A 7.23 7.51
A 0-10 7.14 7.46
B - 2.772 Aa3 7.59 Dc 7.#3 CDc 7.29 BCDc 6.93 Be 7.04 CBc 7.49 Dc
10-20 2.70 Aa 5.27 Bb 4.72 Bb 1.13 ABb 1.72 Bb 4.83 Bb 6.98 Ce
g 20-35 2.8 Aa 3.02 Aa 3.53 BCa 3.22 ABa 3.7* Ca 3-56 BCa 3.92 Cb
35-50 2.96 Aa 2.80 Aa 3.39 BCa 3.1* ABCa 3.54 Ca 3.12 ABCa 3.09 ABa
A - Coversoil, 15 cm treatment incremented 0-10, 10-15 cm,
30 cm treatment incremented 0-15, 15-25, 25-30 om.
B - Coal waste
1 * DePth increments in this treatment were 0-30, 30-60, 60-100 and 100-115 cm.
A - Mean of 9 samples.
3 - Means followed by the same uppercase letter in the same row indicate no significant difference

t
in spoil pH (Pz0Z 05).
Means followed by the same lowercase letter in the same column indicate no significant difference
in spoil pH (P=0I05).

35 cn depth, all lime treatments had a significantly higher
pH compared to the control. However, the pH of the 10 to 20
cm zone was significantly lower compared to the 0 to 10 cm
coal waste increment, except for the plots that received 30
cm coversoil. This result demonstrates that standard tillage
equipment set to the 35 cm depth was not effective iIn mixing
lime into the 10 to 20 cn zone since coal waste pH remained
well below pH 7.

Statistical tests of significance indicated differences
existed between treatments for the 20 to 35 cm depth
increment of limed coal waste during the three sampling
dates (Tables 10,11,12). Two years after Ilime application
(Table 12) the pH of the 20 to 35 cm coal waste zone (60 to
100 cm In the 100 cm incorporation treatment) ranged from
3*02 to 3*92. Except for the 9«1 mt/ha Ca0 treatment
incorporated to the 35 cm depth and the 8.6 mt/ha CaCOg

treatment 1ncorporated to the 35 cm depth, all lime
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treatments had significantly higher pﬁ compared to the
control. However, the pH of the 20 té 35 cm zone was
significantly lower compared to the 0 to 10 em and.10 to 20
ecm limed coal waste increments. Thig result demonstrates
that standard tillage equibment“set to the 35 cm depth ﬁas
not effective in mixing lime into the 20 to 35 cm zone since
.coal waste pH was well belbw 7. During field plot
preparation, a chisel plow with duck feet shoes and.chisels
on 30 cm centers was uéed to incorporate lime in;o the coal
waste. A minimum of thfee passes over each plot with the
tool bar set at the 35 cm depth was performed. This praqtige
Qas not effective in mixing lime into the 10 to 35 cﬁ zone
to enable neutralization of coal waste.

Two years after lime application, the zones below the
depth of lihe incorpdraﬁion fdr‘both the five fold Cal
treatment incorporated to 35_cm‘(35 to'50 cm) and for £he.
Ca0 treatment incorporated to 100 em (100 to 115 cm) had
significantly higher pH leQels compared to the control
(Table 12). Although theée ﬁwo liming tééhniqﬁes enabled
some lime to pénetrate deeper into the coal waste profile,
the resulting pH levels (3.39 and 3.54) were'still well
below a pHﬂof 7 and would iimit plant performance.

The five fold CaO treatmentnto the 35 cm depth was the
only treatment that“resulted.in consistentiy higher pH
values comﬁared to the éqntrol in all depth increhénts of

lime incorporation  (and below). Appafently over liming with
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45.8 mt/ha increased the bpportunity for lime penetration
into the 10 to 50‘cm zohe. -

The distribution of pH values with depth ére
illustrated by Figures 3 through 8. Shaded areas-indicate
the zone of intended lime incorporation. The differences~in
pH trends\between sampling dates for the control (Figure 3)
imply the ambunt of pH variability due to sampliné and
laboratory analysis error. Coal waste pH was found to have -
an inherent vafiability of 0.5 pH unit over short distances.
Except for the treatment that{received 30 cm of coversoil
(Figure. 9), the raﬁge of pH values'within a treatﬁent,
‘across the three samplihg aates for each date was small,
generally less than 1.0 pH unit. In Figure 9, -the Spring,
1986 pH value of 3.73 and Fall, 1986 value of 6.98 for the
10 to 20 cm depth increment implies error in sample
éollection at this debth. Préper sample core incfementation
was sometimes difficult due to the unconsolidated nature of
coal wasté, and contamination from lower increments was
possible.

No reacidification trends were measured in these test
plots. Although no reacidification was present after two
years, continued sampling would be necesSéky to.é§nfirm
whether applied lime was sufficienf for permanéntv

reclamation.
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Figure 4. Minesoil pH with depth in the CaCOg
treatment incorporated to 35 cm.
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Figure 5. Minesoil pH value with depth In the five fold
Ca0 treatment iIncorporated to 35 om.
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Figure 6. Minesoil pH with depth in the CaO treatment
incorporated to 35 cm.
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Figure 7- Minesoil pH with depth in the CaO
incorporated to 100 cm.
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Figure 8. Minesoil pH with depth in the CaO

treatment
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incorporated to 35 cm, 15 cm coversoil.
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30 cm Coversoil

/ CoO, 9.0 mt/ha %/
to 35 cm

Legend

A Foil 1985

Spring 1986

Figure 9. Minesoil pH with depth iIn the Ca0 treatment
incorporated to 35 cm, 30 cm coversoil.

Vegetation Response

Seedling Density

All plots exhibited emerging seedling density. Seeded
grasses had significantly greater seedling density compared
to seeded forbs, non-seeded forbs and non-seeded shrubs iIn
all treatments. Seeded forbs had significantly greater
seedling density compared to non-seeded forbs and non-seeded
shrubs (Table 13).

The 30 cm coversoil treatment had significantly greater

density of seeded grasses and total vegetation compared to
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Table 13. Seedling density (plants/m2) at the Giffen site.

Treatment

Ca0 Ca0

CaCo03 ca0 Ca0 Ca0 9.0 mt/ha -
CPllant 8.6 mt/ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 om, gtg ggltﬁ
ass Control  to 35 cm to 35 cm to 35 cn to 100 cm 15 cm coversoil 30 cm coversoil
S Grass 0.61 Ab2 3.9 Db 1.5 Bb 2.6 Cb 2.2 CBb
) 15.8 E

S Forb 0.0 Aa 0.0 Aa 0.0 Aa 0.2 Aa 0.7 Aa 0.9 Bg li'g Egb

NS Forb 0.0 Aa 0.2 Aa 0.0 Aa 0.0 Aa 0.0 Aa 2.2 Bb 2.4 Bb

NS Shrub 0.0 Aa 0.0 Aa 0.0 Aa 0.0 Aa 0.0 Aa 1.0 Ba 0.7 Ba

luldi 0.6 A 4.1 A 1.5 AB i.5B 2.9 B 19.9 C nrnrc

" - Mean of 42 samples. T mTTTTTTTTTTooTos Sommomoooooooooooooooooo oo

"""""""""""""""""""""" [T KX

N..

S - Seeded.
NS- Non-seeded.

all other treatments. The 15 cm coversoil treatment had
significantly greater density of seeded grasses and total
vegetation compared to all treatments not receiving
coversoil. The Ca0 treatment incorporated to the 100 cm
coal waste depth was the only amended treatment where total
seedling density was not significantly different compared to
the control.

Non-seeded shrubs emerged from the direct-haul
coversoil on the two coversoil treatments, which 1increased
total vegetation density. Coversoil also provided a more
suitable germination medium for seeded grasses, seeded forbs
and non-seeded forbs, resulting iIn greater potential for
successful vegetation establishment on amended coal refuse.
These results for seedling density by plant category are

graphically presented iIn Figure 10.



Treatment

Figure 10. Seedling density by plant category at the Giffen
site for the Control (1), CaCOo to 35 cm (2)
five fold Ca0 to 35 cm (@), Ca0 to 35 cn (4D \
Ca0 to 100 cm (B), CaO0 to 35 cm with 15 cm
coversoil (6) and Ca0 to 35 cm with 30 cm
coversoil 273

Canopy Cover

Percent canopy cover of seeded grasses was
significantly greater compared to all other plant categories
on all treatments. Percent canopy cover of seeded grasses
and total vegetation was significantly greater on coversoil
treatments compared to treatments not receiving coversoil
(Table 14). In 1985, the 30 cm coversoil treatment did not
have significantly greater percent canopy cover of seeded
grasses and total vegetation compared to the 15 cm coversoil
treatment. AlIl limed treatments had significantly greater

seeded grass canopy cover compared to the control . Total

vegetation canopy cover was not significantly different on
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Table 14. Percent cover at the Giffen site, 1985.

Treatment

CaC CaC
CaCO3 Ca0 Ca0 Ca0 9.0 mt/ha

Plant 8.6 mt/ha 458 mt/ha 9-0 mt/ha  25.7 mt/ha to 35 om, gig 215:/1;?]

Class Control to 35 cm to 35 cm to 35 cm to 100 cm 15 cm coversoil 30 cm coversoil
S Grass 0.6 " Ab2 3.9 Db 1.5 Bb 2.6 Cb 2.2 CBb

- - - - 15.8 Ec
S Forb 0.0 Aa 0.0 Aa 0.0 Aa 0.2 Aa 0.7 Aa 0.9 Ba 1213 Go
NS Forb 0.0 Aa 0.2 Aa 0.0 Aa 0.0 Aa 0.0 Aa 2.2 Bb 2-9 Bb
NS Shrub 0.0 Aa 0.0 Aa 0.0 Aa 0.0 Aa 0.0 Aa 1.0 Ba 0:7 Ba
0.b A 4. 1 A 1.5 AB 2.8 B 2.9 B 19.9 D 18.4 D
~ - Mean of 42 samples
* i~plant~response wilL"": Irlytlvnl (pto~s)? R n0 11~nlflcant dlfference

S - Seeded.

NS- Non-seeded.

the CaCOg treatment incorporated to 35 cm and the five fold
Ca0 treatment incorporated to 35 cm compared to the control.
Second year (1986) percent canopy cover Tfurther defined
vegetation response to treatment. All vegetation in the
control was dead by the second growing season (Table 15).
None of the non-seeded shrubs from coversoil propagules
survived into the second growing season. Non-seeded grasses
were found iIn all amended treatments, and these replaced the
non-seeded shrub plant category. Plant canopy cover was
dominated by seeded grasses in all amended treatments.
Coversoil | treatments had significantly greater canopy
cover for all plant categories compared to treatments not
receiving coversoil . Canopy cover of seeded grasses and
total vegetation were not significantly different between
the 15 and 30 cm coversoil treatments. Total percent canopy
cover on the five fold Ca0 treatment incorporated to the 35

cm depth was significantly lower compared to all other
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treatments iIn 1986. Figure 11 1illustrates canopy cover

response to treatment by plant category for 1986.

Table 15. Percent cover at the Giffen site, 1986.

treatment

Ca0 Ca0
CaCO—_L Ca0 Cao Cao 9.0 mt/ha 9.0 mt/ha
Plant 8.6 mti 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cm,

Class Control to 35 to 35 cm to 35 cm to 100 cm 15 cm coversoil 30 cm coversoil

S Grass 0.0" Aaz 10.8 Cb 4.7 Bb 8.0 Cb 10.3 Cb 35.7 Db 40.7 Dc
S Forb 0.0 Aa 0.0 Aa 0.1 Aa 0.1 Aa 0.1 Aa 1.5 Ba 2.2 Cb
NS Forb 0.0 Aa 0.1 Aa 0.2 Aa 0. 1 Aa 0.1 Aa 1.3 Ba 1.2 Ba
NS Grass 0.0 Aa 0.1 Aa 0.1 Aa 0.2 Aa 0. 1 Aa 1.5 Ba 1.3 Ba

total 0.0 A 11.0 C 5.18 8.4 C 10.6 C 46.6'T) 45.4 D

1 - Mean of 42 samples.
- Means followed by the same uppercase letter in the same row indicate no significant difference
in plant response to treatment (P=0.05).
- Means followed by the same lowercase letter in the same column indicate no significant difference
in plant response within a treatment (P=0.05).
S - Seeded.
NS- Non-seeded.

Legend
O Non-eeeded Croee
CO Non-eeeded Forb
= Seeded ferb
CO Seeded Groee

Treatment
Figure 11. Percent cover at the Giffen site for 1986 for
the Control (1), CaCOo to 35 cm (2), fTive fold
Ca0 to 35 cm (3), Ca0 to 35 cn (4), Ca0 to 100 cm
(B), Ca0 to 35 cm with 15 cm coversoil (6) and
Ca0 to 35 cm with 30 cm coversoil (7).
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Above Ground Biomass
Above ground biomass production of seeded grasses
was significantly greater compared to all other plant
categories in 1985 (Table 16) . Coversoil application
resulted iIn significantly greater above ground biomass
production of all plant categories and total vegetation
compared to above ground biomass production iIn treatments
not receiving coversoil. Above ground biomass production of
seeded grasses and total vegetation was significantly
greater on the 30 cm coversoil treatment compared to the 15
cn coversoil treatment. Although seeded grass above ground
biomass production was significantly greater on the CaCOg
treatment 1incorporated to 35 cm compared to the control ,
total vegetation above ground biomass production on this and
all other limed treatments without coversoil application was

not significantly different than the control iIn 1985.

Table 16. Above ground biomass production (kg/Zha) at the
Giffen site, 1985.

Treatment

cacos . CTC CTC
al al Ca0 Ca0 9.0 mt/ha 9.0 mt/ha
Plant 8.6 mt/ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cm,
Class Control to 35 cm to 35 cm to 35 cm to 100 cm 15 cm coversoil 30 cm coversoil
S Grass 0.61 Ab2 2.3 Bb 1.0 ABb 1.6 ABb 1.7 ABb 13.2 Cb
S Forb 0.1 Aa 0.1 Aa 0.0 Aa 0.1 Aa 0.1 Aa 2.3 Bb Zg:g 82
NS Forb 0.2 Aa 0.1 Aa 0.0 Aa 0.0 Aa 0.0 Aa 13.5 Ba 8.3 Ba
NS Shrub 0.0 Aa 0.0 Aa 0.0 Aa 0.0 Aa 0.0 Aa 5.B Ba 7.2 Ba
total 4.4 A 2.5 A 1.0 A t.b A 1.8 A 34.8 B 45.1 C
y - Mean of Ib samples
- M \ in the same row indicate no significant difference

in plant response to treatment (P=0.05).
- Means followed by the same lowercase letter in the same column indicate no significant difference
in plant response within a treatment (P=0.05).
S - Seeded
NS- Non- seeded
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Above ground biomass production in 1986 continued to be
dominated by seeded grasses on all amended treatments (Table
17). Seeded grass and total above ground biomass production
was significantly greater on coversoil treatments, with no
significant difference iIn seeded grass or total vegetation
above ground biomass production between 15 and 30 cm
coversoil applications. Above ground biomass production of
seeded grasses and total vegetation on the CaCOg treatment
incorporated to 35 cm and the Ca0 treatment incorporated to
100 cm was significantly greater compared to other limed
treatments without coversoil application. All treatments had
significantly greater above ground biomass production
compared to the control, which had no vegetation in 1986.
These results for above biomass production response to
treatment for 1986 are graphically presented by plant

category in Figure 12.

Table 17. Above ground biomass production (kg/ha) at the
Giffen site, 1986.

Treatment

Ca0 Ca0
CaCOo Ca0 Ca0 Ca0 9.0 mt/ha 9.0 mt/ha
Plant 8.6 mt/ha  45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 om, to 35 cm,
Class Control to 35 cm to 35 cm to 35 cm to 100 cm 15 cm coversoil 30 cm coversoil
S Grass 0.01 Aaz 181.6 Db 15.5 Bb 60.4 Cb 132.5 Db 429.4 Ec 501.3 Ec
S Forb 0.0 Aa 0.1 Aa 0.3 Aa 0.0 Aa 0.0 Aa 4.0 Ba 12.4 Cb
NS Forb 0.0 Aa 0.5 ABa 2.2 ABa 0.7 ABa 0.8 ABa 9.7 Cb 3.3 Ba
NS Grass 0.0 Aa 0.S Aa 0.0 Aa 0.0 Aa 0.4 Aa 15.6 Bb 20.0 Bb
Total 0.0 A 182.6 D 13.0 B 61.1 C TTTT-B 458.7 E 537.0 E

* - Mean of 15 samples.
- Means followed by the same uppercase letter in the same row indicate no significant difference
in plant response to treatment (P=0.05).
- Means followed by the same lowercase letter in the same column indicate no significant difference
in plant response within a treatment (P=0.05).
S - Seeded.
NS- Non-seeded.
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Figure 12. Plant production at the Giffen site for 1986 for
the Control (1), CaCOg to 35 cm (2), fTive fold
Ca0 to 35 cm (3), Ca0 to 35 cm (4), Ca0 to 100 cm
B), Ca0 to 35 cm with 15 cm coversoil (6) and
Ca0 to 35 cm with 30 cm coversoil (7).

Seedling density, plant canopy cover and above ground
biomass production were affected by coversoil and liming. In
this study, lime was necessary for plant survival, yet high
application (five fold Ca0) inhibited plant growth. Reduced
plant performance was probably due to elevated salt
concentrations iIn the root zone (Bohn et al. 1979) caused by
over liming. Coversoil application increased plant canopy
cover fTour fold compared to the non-coversoiled treatments.
Production was doubled on coversoil treatments compared to
treatments not receiving coversoil by the second vyear.

Coversoil provides a more suitable medium for germination,

seedling emergence and early plant growth, demonstrated by
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the significantly greater plant performance on coversoil

treatments compared to treatments without coversoil.

Minesoil Root Distribution

Maximum rootihg depth for each treatment was near the
base of the zone of intended lime incorporation fof each
treatment (Table 18). Maximum root penetration Was
significantly greater in the Ca0 treatment incorporated to
the 100 cm depth, and the Ca0 treatmént inpofpdrated.to 35
em with 30 cm coversoil, compared to all the other
treatments. Maximum root pénetration depth was not
significantly differgnt in treatments where'lime was
incorporated to the 35 cm depth aﬁd Qhére 15 cm of coversoil
was applied. Therefore, 'additional cdversoil (30 em
treatment) and deeper limeAincorporation résulted iﬁl

significantly increasing rooting depth.

Table 18. Depth of root penetration in centimeters for each
plot of each replication at the Giffen site, 1986.

Treatment

Cal CaQ K
CaCO3 Ca0 Cal Cal . 9.0 mt/ha 3.0 mt/ha
8.6 mt7ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cin,
Rep Control to 35 cm to 35 cm to 35 em to 100 cm 15 em coversoll 30 cm coversoil
i 0 38 8 30 70 1% o
2 o] 4o 35 30 65 42 . 65
3 ¢} 25 35 36 - . 90 40 .. 65
Mean 0 35.37al 32.7 a 32,0 a 75.0 b 42,7 a 68.0 b

T"-"Means followed by the same letter indicate no significant difference in maximum Foot depth (P=0.05).
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Roots had no difficﬁlty grohing'throhgh the coversoil
into the underlying limed coal refuse (Table 19). The
coversoil-refuse. interface didvnbt restrict root
penetration. Table 19 shows root abuhdance observations were
significantly lower in the 30 ecm covefsbil zone comparéd to
the limed réfuse. This was probably due to coveréoil
adhering to the roots, reducing root visibility duriné field

observation. It is felt that root abundance in the covefsoil

was similar'to that in the -coal refuse and the error was 1in

relying on observation. If root biomass had been measured,’

root content in the coversoil would probably not be
significantly different than root content in the coal

refuse.

Table 19. Observed root abundance with depth at the Giffen

site, .
Treatment
é co Ca0 1 Ca0 Ca0

. a a Lo Ca0 Ca0 9.0 mt/ha : 9.0 mt/ha
Profile 8.6 mtgha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 em; - to 35 em,
Depth Control to 35 em to 35 em to 35 em . to 100 em 15 em coversoil 30 cm coversoil
A 2.0 a2
: 1.9 a 2.2 a

2.4 ¢ 2.3 a

B 0-10 0 3.2 a 2.7 a 3.3 a 3.3 a 2.8 ¢ 3.1 b
B 10-20 0 2.9 a 2.7 a 3.3 a 3.3 a 2.4 ¢ 3.2 b
B 20-35 0 2.3 a 2.0 a 2.4 a 2.5 a 1.1 a 2.9 b
A - Coversoil, 15 ¢m treatment ineremented 0-10, 10-15 em,'

30 em treatment incremented 0-15, 15-25, 25-30 cm.
B «~ Coal waste
; - Depth increments in this treatment were 0-30, 30-60, and 60-100 cm.

- ﬁeans followed by the same letter in the same row indicate no significant difference
in root abundance value (P=0.05).
- Root'abundanee classes are: 1 = few, 2 = some, 3 = common, U4 = many.

Root abundance values were averaged across all depths
(Table 20). Coarse root and fine root abundance values were
not significantly_differeht across all treatmehts. Although

very fine and medium root observation values were
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statistically different between treatments, these

differences were not notable.

Table 20. Comparison of root abundance by root size at the
Giffen site, September, 1986.

Treatment
Tao - Cao
- caco Ca0 Ca0 ca0 9.0 mt/ha 9.0 mt/ha
Root 8.6 mE/ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cm,

size Control to 35 cm to 35 em to 35 em to 100 cm 15 em coversoil 30 em coversoil
V. fine

(<1mm) 0 2.617 b2 1.8 ab 1.9 ab 2.5 ab 1.6 a ° - 2.4 ab
Fine . .

(> 1mm=-2mm) [+] 2.4 a 1.8 a 1.9 a 2.3 a 1.8 a 2.3 a
Medium .

(>2mm-5mm) 0 1.6 ab 1.5 ab 1.7 ab 1.8 ab 1.3 a 2.1 b
Coarse .

(>5mm-10mm) 1] 1.4 a 1.5 a 2.0 a 1.7 a 1.3 a 1.4 a
I~ Root abundance classes are: 1 = few, 2 = some, 3 = coﬁmon, 4 = many.

2 - Means followed by the same letter in the same row indicate no significant difference
in root abundance value (Pz0.05).

In summary, coversoil treatments had twice the plant
production and four times the canopy.covef compared to
‘treatments without coversoil application, yet root abundance
was similar. Tﬁis was probably due to observation pit sites
‘being selected "adjacent to vigorous plant growth on each'
plot so that maximum r@ot penefration and abundance

—~

measurements could be more easily observed.
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Minesoil Field Water Content

Maximum and minimum profile water content dates wére
Selected for each treatment and are illustrated in Fiéures
13 through 19. Plant available water estimated from pressure
plate analysis for each profile is includea in ﬁhe figures
to determine if the water held in the minesoil profile was
within the plant available range'(shaded area). The moisture
values used in Figures 13 through 19- are contained in ‘
Appendix A, and the 0.1 and 15 bar water content values used
were presented in Table 9.

Some coal wasté profiles exhibited water.conﬁents in
excess of field capacity (0.1 bar) during thé growing season
(Figures 14,15,16,18). This implied thefe was water hélq in
the profile which should be draining in resbonsé té gfavity.
The presence of profile water in excess éf the 0.1 bar-
values on the driest measurement dates (May 22, 1985 and
June 12, 1986)‘in Figure 14 creates suspicion as to the
reliability of either the 0.1 bar values or these néutron
probe data. Coal waste water monitored in excésétof the 0.1
bar values coincide with 'sharp decreases in the 0.1 bar
values (Figures 14,15,16,18). It is ‘felt that-the
occurrences of water contents in excess of field capacityvin
the field were actually rare, and their grapﬁical
representation- is probably due to neutron probe megsurement ;

error associated with‘calibration difficulties.
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Figure 13= Comparison of the water content measured by

neutron moisture probe, and the plant available
water in the Control for 1985 and 1986.
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Figure 14. Comparison of the water content measured by
neutron moisture probe, and the plant available

water in the CaCOo treatment incorporated to
cm for 1985 and 1986.
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Figure 15. Comparison of the water content measured by
neutron moisture probe, and the plant available
water in the Tfive fold Ca0 treatment incorporated
to 35 cm for 1985 and 1986.
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Figure 16. Comparison of the water content measured by
neutron moisture probe, and the plant available
water in the CaO treatment incorporated to 35 cm
for 1985 and 1986.
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Figure 17. Comparison of the water content measured by
neutron moisture probe, and the plant available
water in the Ca0 treatment incorporated to 100 cm
for 1985 and 1986.
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18. Comparison of the water content measured by
neutron moisture probe, and the plant available
water iIn the Ca0 treatment incorporated to 35 cm
15 cm coversoil for 1985 and 1986.
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Figure 19« Comparison of the water content measured by
neutron moisture probe, and the plant available

water the Ca0 treatment incorporated to 35 cm, 30
cm coversoil for 1985 and 1986.
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Water contents less than 15 bar, approximately'
permanent’wilting percentage, were also common. The high
coarse fragment content of coal waste and few fine particles
- create large voids, decreasing bulk density and the volume
of water held. Accuracy in measuring water in coal with a
neutron probe is questionable due‘to the”high concentrations
of hydrogen. ions in coal. Since the neutron probe ﬁeasures
hydrogen ions, the presence of coal will wrongfully increaee
the moisture readings. Halvorson (}986) found that absolute
soil-water content measurements in minesoils containing eoal
are difficult and that only relative differences in water
content over time should be determined. Iﬁ'this study it
appeared that the neutron probe was ﬁnderestimating water
content, and in light of the above difficulﬁies,‘the
reliability of the probe in determining water content in
coal refuse is questionable.

The control coal refuse profile (Figure'13) tended to
have the lowest water content compared to limed and
coversoiled sites, which may have contributed to the lack of
vegetation establishment. Other treatments exhibited low
water contents, yet supported productive vegetation with
extensive root systems. Figure']9 (30 ch'coversoil
treatment) illustrates marginal plant ayailable water
content in May of 1985, March and June of 1986, yet this
tfeatment had the highest plant productidn due to the

coversoil application. However, plants did not solely rely
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on coversoil for available water, as evidenced by the
relatively even root distribution, and root proliferation,
into the limed coal refuse. Due to only moderate calibratipn
Success with the neutron'probe, and frequent water -content
recordings much lower than the estimated plant wilting point
(15 bar) during periods when plants were observed in a
healthy and productive state, it was felt that there was
more profile water than that shown by the neutron probe.

Figures 14 and 18 illustrate unusual increases in water
content from the 25 to 45 cm depth. These increases were
surprising because roots were abundant in these zones, which
should cause a decrease in water content by plant uptake.
All other vegetated profiles had increased water content
below the zone of root influence. Increased water content in
the zone of active plant water uptake méy be explained by
coél refuse variability. Materials of higher water holding
potential were probably present adjacent té the neutron
probe access tube, and not encountered in the samples taken
for available water determination. These data further
demonstrate the difficulty in using thé neutron probe
technique in coal waste material.

Profile water loss can be estimated as the difference
in maximum and minimum water content for the year in a 150
cm profile. Profile water loss includes water uptake by

plants, evaporative loss at the surface, and water that
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drained through the profile. Water loss was calculated for

each treatnment for both years studied (Table 21).

Table 21. Profile water loss (cm H20/150 cm profile) by
treatment for 1985 and 1986 at the Giffen site.

Treatment 1985 1986
Control 0.7 Tl
CaCO3, 8.6 mt/ha to 35 cm 1.7 2.8
Cao, 45.8 mt/ha to 35 cm 3.2 2.9
Cao0, 9.0 mt/ha to 35 cm 2.0 6.5
Cao, 25.7 mt/ha to 100 cm 2.7 2.3
Cao, 9.0 mt/ha to 35 cm

15 cm coversoil 1.6 1.2
Cao, 9.0 mt/ha to 35 cm .
30 cm coversoil 2.3 1.7

Annual water loss calculations were very iow, further
questioning the ability of the neutron probe to measure .
water in coal refuse. Water loss increased in 1986 in'the
control, CaCO3 treatment incorporated ﬁo 35 ecm, and Ca0
treatment incorporated to 35 ém. Water loss decreased in
1986 in the fivé fold Ca0 treatment incorporafed to 35 cn,
15 em coversoil and 30 cm coversoil épplicationltréatments,
No relationship of water use to plant production increase or
to increased precipitation in 1986 was found. Total
precipitation collected from.thg on Site rain'gauge was 15.4
e from May to Aﬁgust, 1985 (including the 1.3 cm of
irrigation water) and 28.2 cm from March to September, 1986.
The 30 year precipitation norm for Great Falls is 38.7 em

(U.S. Weather Bureau).
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Temperature Monitoring

Although statistically significant differences were
generally not present, temperatures in the upper zone (0 to
10 em) of the coversoiled sites were 8 to 15 percent lower
than temperatures in coal waste without coversoil.-The
average temperature at 1 cm below the surfacé in the 30 cm
coversoil treatment was significantly cooler than the
corresponding depth in the Ca0 treatmenf incorporated to 35
cm. No other significant differences among tréatments,werea
found. In all treatments, the 10 cm depth w&s cooler Lhan
the 1 cm depth, and then no significant decreases in -
temperature were found wiﬁh increasing depth. |

‘Monitoring éurface temperature with én infra-red
thermometer showed greater diversity with treatment
application (Table 23). Due to the increase in plan£ growth
by the Second season and its infiuencé on surface:
temperature (Oke 1978), the temperature measurements were
averaged by field season. Surface temperatures of all
treatment plots were measured twice in 1985 and five times
in 1986.

The surface temperature of ﬁhe coversoil was
significantly lower compared ﬁo the surface temperature of
the coal refuse in 1985. No significant'differencéé among
treatments without coversoil were found in 1985 (Table 23).

The surface temperature of the black coal waste averéged L7
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Table 22. Average temperature in degrees celsius by depth at
the Giffen site.

Treatment
Ca0 CcaQ

CaCO Cal . Ca0 Cal 9.0 mt/ha i 9.0 mt/ha

Profile 8.6 mt7ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 cm,
Depth Control to 35 em to 35 em to 35 cm to 100 cm 15 cem coversoil 30 cm coversoil

. lem 30.37 4Bb2 30.5 ABb  32.0 ABb 34.7 Bb no 29.0 ABb . 26.0 Ab

10em 20.7 Aa 20.4 Aa 23.6 Aa 22.7 Aa thermocouple 20.4 Aa 19.8 Aa

25cm 18.9- Aa . 18.5 Aa 18.2 Aa 18.6 Aa installed 17.9 Aa 17.8 Aa

50cm 18.2 Aa 17.3 Aa 17.4 Aa 17.8 Aa 16.9 Aa 17.4 Aa

I"~"Mean of 10 samples. i
2 - Means followed by the same uppercase letter in the same row indicate .no
significant difference in temperature across treatments (P=0.05).
- Means followed by the same lowercase letter in the same column indicate no
significant difference in temperature with depth (P=0,05). .

Table 23. Average surface temperature in degrees C at the
Giffen site. ’ '

Treatment
. . Cal . Ca0
CaCo Ca0 Ca0 Cal 9.0 mt/ha 9.0 mt/ha
8.6 mt7ha 45.8 mt/ha 9.0 mt/ha 25.7 mt/ha to 35 cm, to 35 em,
Year Control to-35 em to 35 cm to 35 cm to 100 em 15 em coversoil 30 cm coversoil
1985  47.31 b2 47.1 b 47.0 b oat.2 b 47.3 b 41.6 a 40.2 a
1986 38.23 ¢ 33.9 b 35.6 be 35.5 be 33.8 v 27.4 a 26.9 a

"~ Mean of 6 temperature values. )
2 . Means followed by the same letter in the same row indicate no .signifiecant
differences in surface temperature with treatment (P=0,05).
- Mean of 15 temperature values.

degrees C (117 degrees F) and the coversoil surface
temperature averaged'M] degrees C (106 degrees F). These
significant differences in temperature may have affected

surface evaporation, seedling transpiration and seedling

‘establishment.

.The 1986 results showed more differences in surface
temperature with treatment compared to 1985 (Tablé 23). The
15 and 30 cm coversoil treatments continued to be
significantly cooler than the non-coversoiléd_tréatments
with average temperatures of 27.4 and 26.9 degreés C,

respectively. The CaCO3 treatment incorporated to 35 em and
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Ca0 treatment incorporated to 100 cm had surface
temperatures (33.9 and 33.8 degrees C) which were

significantly cooler than the control (38.2 degrees C).

Vegetation production on these two treatments was

significantly greater in 1986 compared to other non-
coversoiled tréatments, and canopy cover was significantly
greéter than the control and five fold Ca0 treatment
incorporated to 35 cm in 1986 (Tables 15 and 17). Increased
végetation cover on these treatments significantly're8uced
the surface temperature. |

Theré were no significant differences in surfaqe
temperature of the control (38.2 degrees C) the five fold
Ca0 treatment incorporated to 35 cm (35.6 degreeé C) and the
Ca0 treatment incorporated to 35 em (35.5 degrees'C).
Vegetation on these two limed treatments wés not sufficient
to significantly decreaée surface temperature compared to
the control.

Measuring surface temperature from March to - August in

1986 resulted in cooler average surface temperatures.

compared to the averages for 1985 for temperatures taken in
July and Augusf. The warmest surface temperatufe was
recorded on the control at 53.5 degrees C (1é9 degrees F? on
July 25, f985 with'an air temperature of 27 degfees C (82

degrees F).
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SUMMARY" AND CONCLUSIONS

hxperlmental plots to test the effects of lime rate and
cover5011 appllcatlon on- coal refuse were 1mp1emented at an

abandoned coal mine near Stockett, Montana. The coal refuse

at this site was black (2.5 Y 2/0), acidic (pH=2.8), had an.

average coarse fragment content of 85 percent by weight and
low water holding capacity. The Computerized Automatic Rapid
Weathering Apparatus (CARWA) was used to estimate the lime

requi}ed to neutralize present and potential acidity of the

coal refuse. A heavy lime rate (five fold CARWA) was

included as a treatment. Deep lime incorporétion (100 cm)
was alsé tested. Calcium carbonate (CaC03) and calciﬁm oxide
(Ca0) were tested as liming agents. Coversoil was applied
at rates of 15 and 30 cm. Response to treatment was
monitofed over a two yeér period. Soil and spoil temperaturé
and water content were also monitored.

Conclusions drawn from this study were as follows:

1) Lime rates determinea by CARWA were successful at

neutralizing coal refuse acidity at depths near the surface.

Below 10 cm (30 cm in the deep incorporation treétmeht), the

pH was significantly increased coﬁpéred to the éontro;
(P=0.05), but coﬁplete acid neutralization did not occur.
Increasing the CARWA rate five fold resulted.in signifiéant
increases in pH, yet plant performance waslréduced Ey the

excess lime application.
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2) Calcium carbonate and aalcium oxide were successful
as liming agents 1in increasing the pH of the acidic coal
refuse. Vegetation was establishing on limed, non-
coversoiled coal refuse. No vegetation surviVéd on the
control aféer the first season.

3) Plant growth performance was significantly greater
on the coversoiled treatments compared to the non-
coversoiled, limed coal refuse. This was probably due to
greater initial plant establishment which would result in
increased cover and production. It appeared that coversoil
was necessary for high levels plant establishment, but was
not essential as a medium for plant growth. By the second
growing season, no significant differences in plant
performance were found between the 15 cm coversoilil ‘treatment
.and the 30 cm coversoil treatment. |

4) The water holding capacity df the coversoil was
superior to the coal rafuse at the Giffen site. This, along
with reduced surface temperature on aovérsoil increased
seedling establishment. Though the water holding capaaity of
the coal waste was fated low, some plants sarvivéd a
droughty first season and were producﬁive above~and belqw
ground in the second season on plots without coversoil.
During the study, water availability did . not abpear to be
limiting to the plants in the non-coVersoiled coal refuse

once they were established.

ppe—T
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5) Roots proliferated in amended coal refuse, to-the

depth of the influence of liming agents. Roots were not

restricted to tﬁe coversoil layers of those freatments;
growth readily continued into the underlying coal waste. The
coversoil did not impede wqter movement th}ough the boundary
to the coarser rerse, shown by the presence of root
development, measured’available water, and Gisible moist
conditions of the coal waste during profile observation.

6) Pressure plate analysis estimated higher plant
available water in coversoil compared to coal refuse.
Measuring water with the neutron probe proved difficult.‘No
comparisons of water contents in coversoil to coal refuse
cbuld be made. | |

7) Surface temperature was significantly lower on
coversoil comparea to any coal refuse treatment. Inc%easing
levels of plant growth on non-coversoiled cpal refuse
significantly reduced the surface temperature compared to
the control. | |

8) Grasses, especially the wheatgrasses.were more
successful in limed and limed-coversoiled coal refuse

compared to forbs and volunteering vegetation.

9) Incorpofating lime below 10 cm with a chiée} plow

proved difficult, evidenced by rapid ﬁH'decreasé. Use of

~

tillage equipment was not effective in incorporating lime to

35 cm.
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RECOMMENDATIONS

1) Coal refuse lime requirements should be determined
before lime application. In this study, CARWA was successful -
at determining the 1lime required_to neutralize surface
acidity; and should be considered a method for coal refﬁse
reclamation. !

2) Kiln dust (Ca0), when available, should be used as a
liming agent in coal refuse reclamation due to its ability
to neutralize acidity and promote vegetation establishment
at low material cost. Use of kiln dust provides a disposal
.method for a waste product of the cement industry.

3) Coversoil application over limed coal refu;e is-
fecommended for maximum plant performance. Increésing
coversoil application from 15 to 30 em did not significahfiy
increase above ground plant-pgrformance in thié'study,
implying a surface layer is adequate. Depth Qflcoversoil
application should be a function of material availability
and cost. The effects on plant performance of applying
shallower depths havq not been studied, and such
applications should be considered high risk.

4) Maximizing the zone of materials favorable for root
growth is highly recommended. Increasing the depth of lime
incorporation and coversoil applicétion increases the depth

of root penetration. The greater the root zone; the greater

the chances of plants establishing on abandoned coal refuse,
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especially in periéds of drought. Agricultural tillaée
equipmenf is not adequate for deep lime incorporation,
resulting in the need for higher applications of coversoil
to increase rooting depth. Development of equipment to
incorporate lime deeply into coal refuse would ihcrease
potential zones for root development gnd the cﬁances for
plant establishment.

5) Proper plént species selection is critical for
successful vegetation establishment. Species selection for
drought and acid tolerance is essenﬁial for plant survival
in the low water holding coal réfdse, which 1is not.
completely acid neutralized below the surface.

6) Monitoring plant performance and refuse pH of
experimental plots and early reclaimed sites is strongly
suggested as the'recommenQations here were made on a two
year data base. Possibiiities‘of reacidification, water
stress, erosion and other factors could influence long-~term

vegetation establishment and site stabilization.
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APPENDIX A

NEUTRON PROBE DATA




Table 24. Maximum and minimum percent water measured with the neutron probe

at various depths (cm), 1985.

Treatment | Treatment 2 Treatment 3 Treatment 4
Depth Maximum  Minimum Depth Maximum  Minimum Depth Maximum  Minimum Depth  Maximum  Minimum
30 7.7 6.7 30 9.7 8.1 30 9.2 7.1 30 9.7 8.4
45 8.1 7.9 »5 12.8 11.4 45 10.1 9.0 45 8.4 7.7
60 6.9 6.7 60 12.8 12.2 60 9.4 8.1 60 8.8 8.1
75 5.8 5.6 75 12.0 11.2 75 7.7 6.2 75 8.6 7.7
90 3.5 3.3 20 7.7 6.7 20 9.7 8.2 90 9.7 8.4
120 5.2 4.7 120 4.1 3.5 120 10.3 8.2 120 10.5 9.2
150 7.1 6.7 150 6.0 4.9 150 11.6 9.4 150 10.9 9.9
180 7.9 7.5 180 5.2 4.5 180 9.9 8.1 180 9.9 8.2
Treatment 5 Treatment 6
Depth Maximum  Minimum Depth Maximum  Minimum Depth Maximum  Minimum
30 8.2 5.6 30 5.8 2.6 30
45 9.7 7.7 45 9.9 8.4 45 5.2 3.3
60 9.6 7.9 60 8.8 7.9 60 7.5 5.8
75 9.0 7.7 5 7.7 7.1 75 9.9 8.1
90 10.5 9.4 90 8.2 7.3 90 9.9 8.4
120 10.1 8.4 120 6.2 5.8 120 8.6 7.5
150 10.1 8.6 150 7.5 6.9 150 9.2 7.9
180 8.6 7.3 180 6.0 5.4 180 7.9 6.9



Table 25. Maximum and minimum percent water measured with the neutron probe
at various depths (cm), 1986.

Treatment | Treatment 2 Treatment 3 Treatment 4
Depth Maximum Minimum Depth Maximum Minimum Depth Maximum  Minimum Depth Maximum  Minimum
30 9.6 8.2 30 11.8 9.0 30 11.4 9.0 30 12.8 10.5
45 9.0 8.2 45 13.1 11.4 45 9.9 9.0 45 9.9 7.3
60 7.7 7.1 60 12.9 11.2 60 8.8 7.7 60 12.2 6.9
75 6.5 6.2 75 11.8 9.7 75 8.1 6.7 75 10.1 6.5
0 2.8 2.0 90 7.7 5.0 20 9.9 8.6 90 12.8 8.8
120 6.2 4.9 120 6.2 3.7 120 9.9 8.6 120 13.9 9.7
150 7.7 7.1 150 150 9.9 9.6 150 15.4 11.6
180 8.2 7.9 180 180 9.4 8.6 180 14.6 12.0
Treatment 5 Treatment 6 Treatment 7
Depth Maximum Minimum Depth Maximum Minimum Depth Maximum Minimum
30 9.7 7.1 30 6.0 2.4 30
45 9.2 7.9 45 9.7 8.8 45 5.2 3.7
60 9.2 8.1 60 8.6 8.1 60 6.5 5.2
75 9.6 8.2 75 7.7 7.9 75 9.7 6.7
0 11.2 10.5 0 8.2 7.9 90 8.4 7.1
120 10.5 9.2 120 6.7 6.5 120 7.5 7.3
150 9.9 9.4 150 8.1 7.7 150 9.6 8.4
180 8.4 6.5 180 6.7 6.2 180 7.5 7.9
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Table 26. Analysis of variance and least significant
difference of Fall 1985 pH data by depth (P=0.05)

Depth 1 pH
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 1.194 .5971
Treatments 6 134.3 22.39 37.61 0.00
Residual 54 32.15 .5953
LSD Analysis
Factor Identity Mean pH
Depth 1 Treatment 1 3.20 A
Treatment 2 7.65 C
Treatment 3 7.58 C
Treatment 4 7.17 CB
Treatment 5 6.69 B
Treatment 6 7.21 CB
Treatment 7 7.39 CB
Depth 2 pH
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 11.49 5.743
Treatments 6 29.30 4.883 1.465 .2070
Residual 54 180.0 3.333
LSD Analysis
Factor Identity Mean pH
Depth 2 Treatment | 3.35 A
Treatment 2 5.02 AB
Treatment 3 5.28 B
Treatment 4 4.62 AB
Treatment 5 4.87 AB
Treatment 6 5.57 B
Treatment 7 5.31 B



Table 26. Continued.

Source

Blocks
Treatments
Residual

Factor

Depth 3

Source

Blocks
Treatments
Residual

Factor

Depth 4

D.F.

Lon

Depth 3 pH
ANOV
S.S. M.S.
3.332 1.666
10.01 1.669
35.90 .6649

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NoOU R WN =-

Depth 4 pH

ANOV
S.S. M.S.

3.126 1.563
2.014 .3357
12.15 .2251

LSD Analysis
ldentity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOODWN=-

F-value

2.510

Mean pH

N ONONN
00 © o © ©
NOR®EOW

O

F-value

1.491

o > >

> w>

P-value

.32E-01

P-value

.1981



Table 27.

Source

Blocks
Depths
Residual

Factor

Treatment 1

Source

Blocks
Depths
Residual

Factor

Treatment 2

Source

Blocks
Depths
Residual

Factor

Treatment 3

85

Analysis oE variance and
difference of

Fall

Treatment 1 pH

ANOV
S.S.

2 4.558
3 1.523
0 28.95

2.279
.5077
.9649

LSD Analysis

ldentity

Depth 1
Depth 2
Depth 3
Depth 4

Treatment 2 pH

ANOV

S.S. M.S.

2 7.548
3 137.9
30 37.04

3.774
45.95
1.235

LSD Analysis

Identity

Depth 1
Depth 2
Depth 3
Depth 4

Treatment 3 pH

ANOV

S.S. M.S.

2 6.028
3 97.65
30 30.71

3.014
32.55
1.024

LSD Analysis

Identity

Depth
Depth
Depth
Depth

DOWN -

M.S.

least significant

F-value

.5262

Mean pH

3.12
3.35
2.93
2.83

OO LD

F-value

37.22

o

o

N
L YTO

F-value

31.80

(&3]
N
[ee]
QT O

1985 pH by treatment (P=0.05)

P-value

.6175

P-value

0.000

P-value

0.000



Table 27.

Continued.

Source

Blocks
Depths

Residual

Factor

Treatment 4

Source

Blocks
Depths
Residual

Factor

Treatment 5

Source

Blocks
Depths
Residual

Factor

Treatment 6

86

Treatment 4 pH

ANOV
D.F. S.S. M.S.
2 2.919 7.597
3 105.7 35.23
30 19.86 .6621
LSD Analysis
Identity
Depth 1
Depth 2
Depth 3
Depth 4
Treatment 5 pH
ANOV
D. F. S.S. M.S.
2 15.19 7.597
3 72.12 24.04
30 57.07 1.902
LSD Analysis
ldentity
Depth 1
Depth 2
Depth 3
Depth 4
Treatment 6 pH
ANOV
D.F. S.S. M.S.
2 8.351 4.175
3 121.7 40.57
30 28.04 .9348

LSD Analysis

Identity

Depth
Depth
Depth
Depth

BN -

F-value Pp-value

12.64 0.000

Mean pH

7.17
4.62
2.98
2.99

DT O

F-value P-value

12.64 0.000

F-value P-value

43.40 0.000

o
15
N

DL oTOo



Table 27.

Table 28. Analysis OE variance and
difference of Spring,

Continued.

Source

Blocks
Depths
Residual

Factor

Treatment 7

(P=0.05).

Source

Blocks
Treatments
Residual

Factor

Depth 1

87

Treatment 7 pH

ANOV

D.F. S.S.
2 1.823
3 118.2
30 31.22

M.S.

.9116
39.39
1.041

LSD Analysis

Identity

Depth
Depth
Depth
Depth

PON =

F-value

Mean pH

7.39
5.31
2.92
3.16

LT O

P-value

37.850.000

least significant

1986 pH data by depth

Depth 1 pH
ANOV
D.F. s.S. M.S.
2 2.528 1.264
6 130.9 21.82
54 20.96 .3882

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOOA~WN=-

F-value P-value
56.21 0.000
Mean PH

NoO NN ~N®

oOhOOW WS

D0 OO RO

OWOOOO>
w W

vs)



Table 28.

Continued.

Source

Blocks 2
Treatments 6
Residual Si

Factor

Depth 2

Source D.F.

Blocks
Treatments
Residual

SQCDI\J

Factor

Depth 3

Source

Blocks 2
Treatments 6
Residual 54

Factor

Depth 4

88

Depth 2 pH
ANOVA

S.S. M.S.

25.65 12.82

62.20 10.37

111.2 2.059

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOUODWN=-

Depth 3

ANOV

S.S. M.S.

2.155
29.55
36.81

1.078
4.925
.6816

LSD Analysis
ldentity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOUITRNWN =

Depth 4 pH

ANOV

S.S. M.S.

1.535
8.945
53.61

.7675
1.491
.9928

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOOANWN =

F-value P

5.035

Mean pH

2.81 A
4.63 B
6.13 C
3.63 AB
4.91 CB
3.99 AB
3.73 AB

F-value

7.226

Mean pH

™ > >
(2]

AB

(@]

AB
AB

WWUWwwwN
OO ONN®
INNARS =T RO

F-value

1.502

Mean pH

3.24 AB
3.51 AB
3.98 B
3.09 AB
3.23 AB
2.77 A
2.87 A

-value

.57E-03

P-value

0.000

P-value

.1946



Table 29.

Analysis of variance and

89

least significant

difference of Spring, 1986 pH data by
treatment (P=0.05).

Source

Blocks
Depths
Residual

Factor

Treatment 1

Source

Blocks
Depths
Residual

Factor

Treatment 2

Source

Blocks
Depths
Residual

Factor

Treatment 3

D.F.

Treatment

ANOV
S.S.

9.477
1.071
13.08

8(A)I\)

1 pH

M.S.

4.739
.3571
.4359

LSD Analysis

Identity

Depth
Depth
Depth
Depth

Treatment

ANOV

D.F. S.S.

2 3.837
3 94.07
30 38.53

PON -

pH

M.S.

1.918
31.36
1.284

LSD Analysis

Identity

Depth
Depth
Depth
Depth

Treatment 3

ANOV
S.S.

2 12.77
3 82.43

30 34.38

BWON=-

pH

M.S.

6.383
27.48
1.146

LSD Analysis

Identity

Depth
Depth
Depth
Depth

BWN=-

F-value

.8192

N

[oe

I
oo

F-value

24.41

F-value

23.98

Mean pH

7.38
6.13
3.75
3.98

LY TO

P-value

4961

P-value

0.000

P-value

0.000



Table 29.

Continued .

Source

Blocks
Depths
Residual

Factor

Treatment 4

Source

Blocks
Depths
Residual

Treatment 5

Source

Blocks
Depths
Residual

Factor

Treatment 6

90

Treatment 4 pH

ANOV
D. F. S.S. M.S.
2 1.567 .7835
3 100.1 33.36
30 9.180 .3060

LSD Analysis

Identity

Depth 1
DePth 2
Depth 3

Treatment 5 pH

ANOV
D. F. S.S. M.S.
2 26.47 13.23
3 63.78 21.26
30 34.99 1.166

LSD Analysis

Identity

Depth
Depth
Depth
Depth

BWN -

Treatment 6 pH

ANOV
D.F. S.S. M.S.
2 .8780 .4390
3 77.19 25.73
30 43.92 1.464

LSD Analysis

Identity

Depth
Depth
Depth
Depth

POWON -

F-value P-value

109.0 0.000

F-value P-value

18.23 0.000

N

©

iy
®» TOTO

F-value P-value

17.57 0.000

Mean pH

N0 ©A
N Q@ © o

) (¢}
pao

NWWo
P



Table 29. Continued.

9

Treatment 7 pH

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 6.009 3.005
Depths 3 94.81 31.60 49.00 0.000
Residual 30 19.35 .6449

LSD Analysis

Factor Identity Mean pH
Treatment 7 Depth 1 7.06 c

Depth 2 3.73 b

Depth 3 3.54 ab

Depth 4 2.83 a

Table 30. Analysis of variance and least significant
difference of Fall 1986 pH data by depth (p=0.05)
Depth 1 pH
ANOV

Source D.F. S.S. M.S. F-value P-value
Blocks 2 .9533 4767
Treatments 6 160.9 26.82 146.2 0.000
Residual 54 9.906 .1834

LSD Analysis
Factor Identity Mean pH
Depth 1 Treatment | 2.77 A

Treatment 2 7.59 D

Treatment 3 7.43 CD

Treatment 4 7.29 CBD

Treatment 5 6.93 B

Treatment 6 7.04 CB

Treatment 7 7.49 D



Table 30.

Continued.

Source

Blocks
Treatments
Residual

Factor

Depth 2

Source

Blocks
Treatments
Residual

Factor

Depth 3

Source

Blocks
Treatments
Residual

Factor

Depth 4

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

92

Depth 2 pH

ANOV

S.S. M.S. F-value

6.811
85.96
130.6

3.405
14.33
2.419

5.922

LSD Analysis
Identity

NO U WN -
ORrMDMDMON
OCONENNDN

OWOWN N0
Oww>ww>
3]

Depth 3 pH

ANOV

S.S. M.S.

1.371
8.522
13.01

.6857
1.420
.2410

5.895

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO A WN =
WWWWWwWwN
©O© UI~NNUTO
NOBRNWDNN

Depth 4 pH

ANOV

S.S. M.S.
1.758
3.359
10.60

.6768
.5598
.1964

2.851

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOPAWN=-

pP-

Mean pH

F-value P

Mean pH

A
A
BC
AB
C
BC
C

F-value P

ABC

ABC
AB

value

0.000

-value

0.000

-value

.17E-01
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Table 31. Analysis of variance and least significant
difference of Fall 1986 pH by treatment (P=0.05)
Treatment 1 pH
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 4.466 2.233
Depths 3 .2142 .72E-01 1.318 .2862
Residual 30 1.624 .54E-0O1
LSD Analysis
Factor Identity Mean pH
Treatment 1 Depth 1 2.77 a
Depth 2 2.78 a
Depth 3 2.82 a
Depth 4 2.96 a
Treatment 2 PH
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .69E-01 _35E-01
Depths 3 136.0 45.32 34.39 0.000
Residual 30 39.54 1.318
LSD Analysis
Factor ldentity Mean pH
Treatment 2 Depth 1 7.59 c
Depth 2 5.27 b
Depth 3 3.02 a
Depth 4 2.78 a
Treatment 3 pH
ANOV
Source D.F S.S. M.S. F-value P-value
Blocks 2 4.886 2.443
Depths 3 94.89 31.63 47.47 0.000
Residual 30 19.99 .6662
LSD Analysis
Factor Identity Mean pH
Treatment 3 Depth 1 7.43 C
Depth 2 4.72 b
Depth 3 3.52 a
Depth 4 3.39 a



Table 31.

Continued .

Source

Blocks
Depths
Residual

Factor

Treatment 4

Source

Blocks
Depths
Residual

Factor

Treatment 5

Source

Blocks
Depths
Residual

Factor

Treatment 6

94

Treatment 4 pH
ANOV
D.F. S.S. M.S. F-value
2 1.328 .6640
3 102.6 34.20 69.84
30 14.69 .4897
LSD Analysis
Identity Mean pH
Depth 1 7.29 ¢
Depth 2 4.13 b
Depth 3 3.22 a
Depth 4 3.14 a
Treatment 5 pH
ANOV
D.F. S.S. M.S. F-value
2 1.039 .5194
3 65.41 21.80 22.11
30 29.59 .9862 ’
LSD Analysis
Identity Mean pH
Depth 1 6.93 c
Depth 2 4.72 b
Depth 3 3.74 a
Depth 4 3.54 a
Treatment 6 pH
ANOV
D.F. S.S. M.S. F-value
2 9.282 4.641
3 83.40 27.80 25.84
30 32.27 1.076
LSD Analysis
Identity Mean pH
Depth 1 7.04 C
Depth 2 4.83 b
DePth 3 3.56 a
Depth 4 3.12 a

P-value

0.000

P-value

0.000

P-value

0.000
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Table 31. Continued.

Treatment 7 pH

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 1.518 . 7590
Depths 3 129.2 43.08 87.53 0.000
Residual 30 14.77 .4922

LSD Analysis

Factor Identity Mean pH
Treatment 7 Depth 1 7.49 C
Depth 2 6.98 b
Depth 3 3.92 a
Depth 4 3.09 a

Table 32. Analysis of variance and least significant
difference of Germination density, total

(P=0.05).

ANOV “
Source D .F. S.S. M.S. F-value p-value
Blocks 2 9.166 4.583
Treatments 6 164.3 27.39 71.21 _
Categories 3 1171. 390.4 1015. A
Treat x Cat 18 117.0 6.502 16.90 A
Residual 2910 1119. .3827

LSD Analysis

Total
Factor ldentity Mean Density

Treatments

\lO)U'I-bwl\Jl_\
=
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Table 33.

Analysis of variance and
difference of Germination density by category

(P=0.05).

Source D. F.
Blocks 2
Treatments 6
Residual 726
Factor

Seeded grass

Source D.F.
Blocks 2
Treatments 6
Residual 726
Factor

Seeded forb

96

Seeded grass

ANOV
S.S. M.S.
11.44 5.721
208.6 34.77
811.2 1.117

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOUTDWN -

Seeded Eorb

ANOV
S.S. M.S.
.9225 .4612
60.45 10.07
223.8 .3083

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOUTARWN =

least significant

F-value P-value

31.12 0.000

Mean Density

63.0 A
102.3 BC
127.0 C

77.7 AB

56.0 A
164.5 D
252.3 E

F-value P-value

32.68 0.000

Mean Density

WNN~NWNO
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Table 33-

Continued .
Source d.F.
Blocks 2
Treatments 6
Residual 726
Factor

Non-seeded Eorb
Source D.F.
Blocks 2
Treatments 6
Residual 726
Factor

Non-seeded shrub

97

Non-seeded forb
ANOV
S.S. M.S.
.3808 .1904
2.182 .3637
36.60 .50E-01

LSD Analysis
Identity

Trea tment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

~NOUIRAWN -

Non-seeded shrub

ANOV
S.S. M.S.
2.258 1.129
10.10 1.6*8
41.96 .58E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOUTPhWN=-

F-value P-value
7.21:5 0.000
Mean Density

0.1 A

1.8 AB

2.8 BC

1.9 AB

0.5 A

5.7 D

4.8 D
F-value P-value
29.14 0.000
Mean Density

0.0 A

0.0 A

0.0 A

0.0 A

0.0 A

53 B

12.4 C
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Table 34. Analysis of variance and least significant
difference of Germination density by
treatment (P=0.05).

Treatment 1

ANOV
Source D. F. S.S. M.S. F-value P-value
Blocks 2 6.871 3.435
Categories 3 91.60 30.53 123.3 0.000
Residual 414 102.5 .2477

LSD Analysis

Factor Identity Mean Density

Treatment | Seeded grass 63.0 b
Seeded forb 1.0 a
Non-seeded Eorb 0.0 a
Non-seeded shrub 0.0 a

Treatment 2

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 10.94 5.471
Categories 3 155.0 51.66 161.0 0.000
Residual 414 132.8 .3208

LSD Analysis

Factor Identity Mean Density
Treatment 2 Seeded grass 102.
Seeded Eorb 1

Non-seeded Eorb
Non-seeded shrub

ORL NN
o o~Nw
O oTO

Treatment 3

ANOV
Source D.F,. S.S. M.S. F-value P-value
Blocks 2 .2385 .1192
Categories 3 206.8 68.92 181.8 0.000
Residual 414 157.0 .3791

LSD Analysis

Factor Identity Mean Density
Treatment 3 Seeded grass 127.
Seeded Eorb 1

Non-seeded Eorb
Non-seeded shrub

onN ON
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Table

3ne

Continued .

Source

Blocks
Categories
Residual

Factor

Treatment 4

Source

Blocks
Categories
Residual

Factor

Treatment 5

Source

Blocks
Categories
Residual

Factor

Treatment 6

99

Treatment 4

ANOV
D. F. SeSe M.S.
2 9.779 4.890
3 109.1 36.36
414 121.4 .2933

LSD Analysis

Identity

Seeded grass
Seeded forb

Non-seeded Corb
Non-seeded shrub

Treatment 5

ANOV
D.F. S.S. M.S.
2 2.674 1.337
3 70.92 23.64
414 80.27 .1939
LSD Analysis
ldentity
Seeded grass
Seeded Corb
Non-seeded Corb
Non-seeded shrub
Treatment 6
ANOV
D.F. S.S. M.S.
2 8.901 4.450
3 223.3 74.43
414 231.5 .5593

LSD Analysis

ldentity

Seeded grass
Seeded Corb
Non-seeded Corb
Non-seeded shrub

F-value P-value

124.0 0.000

Mean Density

77.7 ¢
7.7 b
1.9 a
0.0 a
F-value P-value
121.9 0.000

Mean Density

56.0 c
7.7 b
0.5 a
0.0 a
F-value P-value
133.1 0.000

Mean Density

164.5

FNENTNY
0 oTOo
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Table 34« Continued .
Treatment 7
0 ANOV
Source D. F. S.S. M.S. F-value P-value
Blocks 2 6.768 3.384
Categories 3 431.7 143.9 232.0 0.000
Residual 414 256.8 .6204
LSD Analysis
Factor Identity Mean Density
Treatment 7 Seeded grass 252.3 ¢
Seeded Torb 43.3 b
Non-seeded Eorb 4.8 a
Non-seeded shrub 5.3 a
Table 35. Analysis of variance and least significant

difference of Percent Canopy Cover , total,

1985 (P=0 .05) .
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .8460 .4230
Treatments 6 50.28 8.380 144.4 (1)
Categories 3 71.70 23.90 411.8 1080
Treat x Cat 18 12.23 .6796 11.71 .0
Residual 1146 66.51 .58E-01
LSD Analysis
) Total

Factor Identity Percent Cover
Treatments 1 0.6 A

2 4.1 C

3 1.5 AB

4 2.8 B

5 29 B

6 18.4 D

7 19.9 D



Table 36. Analysis of variance and

101

least significant

Ai1ffsrence of Percent Cano Cover by category,
1985 (P=0.05). Py Y gory

Source

Blocks
Treatments
Residual

Factor

Seeded grass

Source

Blocks
Treatments
Residual

Factor

Seeded Eorb

Seeded grass

ANOV
D. F. S.S. M.S.
2 1.565 .7826
6 36.99 6.16»
285 23.46 .82E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO U WN -

Seeded forb

ANOV
D.F. S.S. M.S.
2 .1065 .53E-01
6 6.385 1.064
285 4.646 .16E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOTA WN -

F-value

F-value

P-value

74.89 0.000

Mean Cover

WUN R WO
© NG UTOD
w
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e

P-value

65.28 0.000

Mean Cover
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Table 36.

Continued.

Source D.F.
Blocks 2
Treatments 6
Residual 285
Factor

Non-seeded Eorb
Source D. F
Blocks 2
Treatments 6
Residual 285
Factor

Non-seeded shrub

102

Non-seeded Eorb

ANOV
S.S.

.82E-01
15.27
26.37

M.S. F-value
«41E-01

2.544 27.50
_93E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NoghwN -

P-value

0.000

Mean Cover

Non-seeded shrub

ANOV
S.S.

.6848
3.873
10.44

M.S.

.3424
.6456
.37E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO A WN =-

[eYoleola]

NN

OI—'OOOOIO
NOOoOOOoOOoOOo
Ww>>>>>

17.62

ooNO

BN
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F-value

P-value

0.000

Mean Cover



Table 37.

103

Analysis of variance and
difference of Percent Canopy Cover by

treatment,

Source

Blocks
Categories
Residual

Factor

Treatment |1

Source

Blocks
Categories
Residual

Treatment 2

Source

Blocks
Categories
Residual

Factor

Treatment 3

1985 (P=0.05).
Treatment 1
ANOV
D. F. S.S. M.S.
2 .1242 .62E-01
3 1.421 .4736
162 3.291 .20E-01
LSD Analysis
Identity

Seeded grass
Seeded forb
Non-seeded forb
Non-seeded shrub

Treatment 2

ANOV
D. F. S.S. M.S.
2 .7783 .3891
3 13.57 4.522
162 7.267 .45E-01

LSD Analysis

ldentity

Seeded grass
Seeded forb
Non-seeded forb
Non-seeded shrub

Treatment 3

ANOV
D.F. S.S. M.S.
2 .28E-02  .14E-02
3 4.972 1.657
162 2.456 .15E-01

LSD Analysis

Identity

Seeded grass
Seeded Tforb
Non-seeded forb
Non-seeded shrub

least significant

F-value P-value

23.31 0.000

Mean Cover

0.6 b
0.0 a
0.0 a
0.0 a
F-value p-value
100.8 0.000

Mean Cover

3.9 b

0.0 a

0.2 a

0.0 a
F-value p-value
109.3 0.000

Mean Cover

oOOoor
ooou
[ ey
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Table 37 . Continued.

Treatment »

Source anov

D-F- S.S. M.S. F-value P-value
Blocks
Catggor:es % 5?222 é?%gé 109.0 0.000
Residua 162 4.688 _29E-01 ) ’

LSD Analysis

Factor :
Identity Mean Cover
Treatment 4 Seeded grass 26 b
Seeded forb 0.2 a
Non-seeded forb 0.0 a
Non-seeded shrub 0.0 a

Treatment 5

Source AoV
D-F- S.S. M.S. F-value P-value
Blocks
Categorjes 2 %673 2158 9700 0.000
esidua 162 4.271 _26E-01 . )

Esb Analysis

Factor i
Identity Mean Cover
Treatment 5 Seeded grass 2.2 b
Seeded forb 0-7 a
Non-seeded forb o:o a
Non-seeded shrub 0.0 a

Treatment 6

Source Y
D-P- S.S. M.S. F-value P-value
Blocks
_ 2 1.766 .8828
gatggor;es 3 25.28 8.427 70.60 0.000
esidua 162 19.34 .1194 ’ ’

LSD Analysis

Factor i
Identity Mean Cover
Treatment 6 Seeded grass 15.8 ¢
Seeded forb 0.9 a
Non-seeded forb 2:0 b
Non-seeded shrub 1.0 a



Table 37.

Table 38.

105

Continued.
Treatment 7
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .7585 .3793
Categories 3 21.55 7.18a 52.46 0.000
Residual 162 22.18 .1369
LSD Analysis
Identity Mean Density
Treatment 7 Seeded grass 13.9 ¢
Seeded forb 1.4 ab
Non-seeded Eorb 2.4 a
Non-seeded shrub 0.7 a

Analysis of variance and least significant
difference of Percent Canopy Cover, total,
1986 (P=0 .05).

ANOV
Source D.F. S.S. M.S. F-value p-value
Blocks 2 .2256 .1128
Treatmepts 6 65.79 10.97 190.7 0.000
Categories 3 166.9 55.65 968.0 0.000
Treat x Cat 18 33.94 1.886 32.80 0.000
Residual 1146 65.88 .57E-01
LSD Analysis
Total

Factor Identity Mean Cover
Treatments 1 0.0 A

2 11.0 C

3 5.1 B

4 8.4 C

5 10.6 C

6 40.0 D

7 45.5 D
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Table 39. Analysis of variance and least significant

3 -f®snce of Percent Canopy Cover by category
1986 (P=0.05).

Seeded grass

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .2218 .1109
Treatments 6 74.15 12.36 133.5 0.000
Residual 285 26.38 .93E-01

LSD Analysis

Factor Identity Mean Cover

Seeded grass Treatment | 0.0 A
Treatment 2 10.8 C
Treatment 3 4.7 B
Treatment 4 8.0 C
Treatment 5 10.3 C
Treatment 6 35.7 D
Treatment 7 40.7 D

Seeded Eorb

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .59E-01 _.29E-01
Treatments 6 12.11 2.019 56.56 0.000
Residual 285 10.17 .36E-01

LSD Analysis

Treatment
Treatment

Factor Identity Mean Cover
Seeded forb Treatment | 0.0 A
Treatment 2 0.0 A
Treatment 3 0.1 A
Treatment 4 0.1 A
Treatment 5 0.1 A
6 1.5 B
7 2.2 C



Table 39.

Continued.

Source D.F.
Blocks 2
Treatments 6
Residual 285
Factor

Non-seeded Eorb
Source D.F.
Blocks 2
Treatments 6
Residual 285
Factor

Non-seeded shrub

107

Non-saeded forb
ANOV
S.S. M.S. F-value P-value
.2196 .1098
5.792 -9653 16.65 0.000
16.53 .58E-01
LSD Analysis
Identity Mean Cover
Treatment | 0.0 A
Treatment 2 0.1 A
Treatment 3 0.2 A
Treatment 4 0.1 A
Treatment 5 0.1 A
Treatment 6 1.3 B
Treatment 7 1.2 B
Non-seeded grass
ANOV
S.S. M.S. F-value P-value
.24E-0Ol .1192E-01
7.679 1.280 29.1%7 noeee
12.51 .44E-01
LSD Analysis
Identity Mean Cover
Treatment | 0.0 A
Treatment 2 0.1 A
Treatment 3 0.1 A
Treatment 4 0.2 A
Treatment 5 0.1 A
Treatment 6 1.5 B
Treatment 7 1.3 B
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Table 40. Analysis of variance and least significant
difference of Percent Canopy Cover by

treatment, 1986 (P=0.05).

Treatment |1
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .13E-16 68E-17
Categories 3 .26E-18 _86E-19
Residual 162 0.000 0.000

LSD Analysis

Factor Identity Mean Cover

Treatment | Seeded grass
Seeded Eorb
Non-seeded Eorb
Non-seeded grass

oOooo
oOooo
Qoo

Treatment 2

ANOV
Source D.F. S.S. M.Se F-value P-value
Blocks 2 .1267 .63E-01
Categories 3 34.12 11.37 223.5 0.000
Residual 162 8.244 .51E-01

LSD Analysis

Factor Identity Mean Cover

Treatment 2 Seeded grass 10.8 b
Seeded Eorb 0.0 a
Non-seeded Eorb 0.1 a
Non-seeded grass 0.1 a

Treatment 3

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .2417 .1209
Categories 3 16.50 5.501 106.3 0.000
Residual 162 8.383 .52E-01

LSD Analysis

Factor ldentity Mean Cover

Treatment 3 Seeded grass 4.7 &
Seeded Eorb o.l a
Non-seeded Eorb 0.2 a
Non-seeded grass 0.1 a
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Table 40. Continued .

Treatment 4

S ANOV
ource D.F. S.S. M.S. F-value P-value
Blocks
. 2 -99E-01  _47E-01
Categories 3 25.98 8.660 134.6 0.000
Residual 162 10.42 _.64E-01 i ’

LSU Analysis

Fact i
actor ldentity Mean Cover
Treatment 4 Seeded grass 8.0 b
Seeded forb 0.1 a
Non-seeded forb 0.1 a
Non-seeded grass 0.2 a

Treatment 5

ANOV
Source D. F. S.S. M.S. F-value P-value
g;ggggries g .26E-01  .13E-01
e 33.40 11.13 419.8
Residual 162 4.297 .27E-01 0-000

LSD Analysis

Factor Identity Mean Cover
Treatment 5 Seeded grass 10.3 b
Seeded forb 0.1 a
Non-seeded forb 0.1 a
Non-seeded grass 0.1 a
Treatment 6
ANOV
Source D. F. S.S. M.S. F-value P-value
g;gggzries g yER e
€ 43.80 1*_.60
Residual 162 14.47 .89E-OI 163-4 0-000
LSD Analysis
Factor Identity Mean Cover
Treatment 6 Seeded grass 35.7 b
Seeded forb 1.5 a
Non-seeded forb 1.3 a
Non-seeded grass 1.5 a
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Table 40. Continued.

Treatment 7

ANOV
Source D. F. S.S. M.S. F-value P-value
Blocks 2 .1271 .64E-01
Categories 3 47.08 15.69 137.6 0.000
Residual 162 18.48 21141

LSD Analysis

Factor Identity Mean Cover

Treatment 7 Seeded grass 40.7 ¢
Seeded forb 2.2 b
Non-seeded forb 1.2 a
Non-seeded grass 1.5 a

Table 41. Analysis oE variance and least significant
difference of Biomass Production (kg/Zha), total,

1985 (P=0.05).

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 21113 _56E-01
Treatments 6 7.983 1.331 83.90 0.000
Categories 3 1.513 .5043 31.80 0.000
Treat x Cat 18 1.628 .90S-01 5.705 0.000
Residual 390 6.185 .16E-01
LSD Analysis
Total

Factor identity Mean Production
Treatments 1 0.9 A

2 2.5 A

3 1.0 A

4 1.6 A

5 1.8 A

6 34.8 B

7 45.1 C



Table 42.

Analysis of variance and

category,

Source

Blocks
Treatments
Residual

Factor

Seeded grass

Source

Blocks
Treatments
Residual

Factor

Seeded Eorb

1985 (P=0.05).

Seeded grass

ANOV

D.F. S.S.

.63E-01
4.7*%7
.8606

O oN

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO TP WN=-

Seeded Eorb

ANOV

D.F. S.S.

m54E-02
.433*2
.3590

[ N6 1M

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOPDWN =

M.S.

M.S.

least significant
difference of Biomass Production

.32E-01
.7912
.90E-02

88

.26

F-value

F-value

.27E-02
.72E-01
.37E-02

19

.31

Mean

WNOOOOO
NWRrRORR
OwW>>>>>>

P

(kg/ha) by

P-value

0.000

production

P-value

0.000

roduction



Table 42.

Continued.

Source D.F.

Blocks
Treatments
Residual 9

[S2NeR N

Factor

Non-seeded Corb

Source

Blocks 2
Treatments 6
Residual 96

Factor

Non-seeded shrub

112

Non-seeded Eorb
ANOV
S.S. M.S.
.85E-01 .42E-01
2.991 .4985
3.195 .33E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO A WN=-

Non-seeded shrub
ANOV
S.S. M.S.
.1374 .69E-01
1.440 .2400
1.591 .17E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOoOOhwN=-

F-valu

e P-value

14.98 0.000
Mean Production

0.2 A

0.1 A

0.0 A

0.0 A

0.0 A

13.5 B

8.3 B
F-value P-value
14.48 0.000
Mean Production

TwW>>>>>
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Table 43. Analysis of variance and least significant

difference of Biomass Production (kg/ha) by

treatment, 1985 (P=0.05).
Treatment 1
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .92E-02 .46E-02
Categories 3 .12E-01 .40E-02 4.539 .68E-01
Residual B« _*7E-01 .87E-03
LSD Analysis
Factor Identity Mean Production
Treatment | Seeded grass 0.6 b
Seeded Corb 0.1 a
Non-seeded Corb 0.2 a
Non-seeded shrub 0.0 a
Treatment 2
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 _66E-02 _.33E-02
Categories 3 .1326 44E-01 67.50 0.000
Residual 54 .35E-01 .65E-03
LSD Analysis
Factor Identity Mean production
Treatment 2 Seeded grass 2.3 b
Seeded Corb 0.1 a
Non-seeded Corb 0.1 a
Non-seeded shrub 0.0 a
Treatment 3
ANOV
Source D.F. S.S. M.S. F-value p-value
Blocks 2 45E-03  .22E-03
Categories 3 _30E-01 .98E-02 26.36 0.000
Residual 54 .20E-01 .37E-03
LSD Analysis
Factor Identity Mean production

Treatment 3 Seeded grass
Seeded Corb
Non-seeded Corb

Non-seeded shrub

oooo
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Table 43.

Continued

Source

Blocks
Categories
Resitdual

Factor

Treatment 4

Source

Blocks
Categories
Residual

Factor

Treatment 5

Source

Blocks
Categories
Residual

Factor

Treatment 6

wWN

Lon

D.F.

2
3
4

Treatment 4

ANOV e

S.s. M.S. F-value p-value

- 10E-01 .51E-02

.71E-01 .24E-01 14.05 0.000
54 -91E- 01 .17E-02

LSD Analysis

Identity

Seeded grass
Seeded forb
Non-seeded forb
Non-seeded shrub

Treatment 5

ANOV

S.S. M.S.
.31E-02  _15E-02
.79E-01 .26E-01
-48E-01  _88E-03

LSD Analysis

Identity

Seeded grass
Seeded Eorb
Non-seeded Eorb
Non-seeded shrub

Treatment 6

ANOV

S.S. M.S.
.2352 .1176
1.077 .3592
3.092 .57E-01

LSD Analysis

ldentity

Seeded grass
Seeded Eorb
Non-seeded Eorb
Non-seeded shrub

Mean Production

coor
Ol—‘HO
o o®o

F-value P-value

29.78 0.000

Mean production

1.7 b

0.1 a

0.0 a

0.0 a
F-value P-value
6.273 .13E-02

Mean Production

13.2 b
2.3 a
13.5 b
58 a
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Table 43. Continued.
Treatment 7
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .1649 .82E-01
Catggorles 3 1.740 .5801 12.36 0.000
Residual 54 2.534 .47E-01
LSD Analysis
Factor ldentity Mean Production
Treatment 7 Seeded grass 25.9 b
Seeded forb 3.7 a
Non-seeded Corb 8.3 a
Non-seeded shrub 7.2 a
Table 44. Analysis of variance and least significant

difference of Biomass Production (kg/Zha), total,

1986 (P=0.05).

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 «82E-01 _41E-01
Treatments 6 25.65 4.276 94.34 0.000
Categories 3 73.88 24.63 543.4 0.000
Treat x Cat 18 22.59 1.255 27.69 0.000
Residual 390 17.68 _45E-01
LSD Analysis
Total

Factor Identity Mean Production
Treatments 1 0.0 A

2 182.6 D

3 18.0 B

4 61.1 C

5 133.7 D

6 458.7 E

7 537.0 E



Table 45.

Analysis of variance and
difference of Biomass Production

category, 1986
Source D. F.
Blocks 2
Treatments 6
Residual 96
Factor
Seeded grass
Source D.F.
Blocks 2
Treatments 6
Residual 96
Factor
Seeded Eorb

116

(P=0.05) .

Seeded grass

ANOV

S.S. M.S. F-value

=54E-02
39.43
10.65

.27E-02
6.572
-1110

59.22

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO U PWN -
o)
o

Seeded forb

ANOV

S.S. M.S. F-valu

.59E-01
2.175
1.787

.29E-01
.3624
.19E-01

19.47

LSD Analysis

Identity Mean

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NOUITRWN =

12.4

least significant

(kg/ha) by

P-value

0.000

Production

mmoOwWo >

e P-value

0.000

Production
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Table 45.

Continued

Source

Blocks 2
Treatments 6
Residual 96

Factor

Non-seeded Eorb

Source

Blocks 2
Treatments 6
Residual 96

Factor

Non-seeded grass

Non-seeded Eorb

ANOV
S.S. M.S.
.1046 .52E-01
1.286 .2143
3.035 .32E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO P~ WN -

Non-seeded grass

ANOV
S.S. M.S.
.41E-01 .20E-Ol
5.347 .8911
2.073 .22E-01

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NO T WN -

F-value P-value

6.78 0.000

Mean Production

wWOWo oNv OO

WN® N o

O >y >
m@m@>

F-value P-value

41.2" 0.000

Mean Production
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Table 46. Analysis oE variance and least significant

difference of Biomass Production (kg/ha) by
treatment, 1986 (P=0.05).

Treatment 1

ANOV
Source D. F. S.S. M.S. F-value P-value
Blocks 2 .32E-16 _16E-16
Categories 3 92E-19 _.31E-19
Residual Se 0.000 0.000
LSD Analysis ~
Identity Mean Production
Treatment | Seeded grass 0.0 a
Seeded forb 0.0 a
Non-seeded Eorb 0.0 a
Non-seeded grass 0.0 a
Treatment 2
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .1089 .54E-01
Categories 3 20.72 6.906 210.3 0.000
Residual Se 1.773 .33E-01
LSD Analysis
Factor Identity Mean Production
Treatment 2 Seeded grass 181.6 b
Seeded forb 0.1 a
Non-seeded forb 0.5 a
Non-seeded grass 0.4 a
Treatment 3
ANOV e
Source D "F* S.s. M.S. F-value P-value
Blocks 2 .50E-01 .25E-01
Categories 3 2.171 .7238 12.760.000
Residual 54 3.063 .57E-01
LSD Analysis
Factor Identity Mean Production
Treatment 3 Seeded grass 15.

Seeded forb
Non-seeded forb
Non-seeded grass

oNnNOl
cowu
Popo



Table 46.

Continued.

Source

Blocks
Categories
Residual

Factor

Treatment 4

Source

Blocks
Categories
Residual

Factor

Treatment 5

Source

Blocks
Categories
Residual

Factor

Treatment 6
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Treatment 4

ANOV
D.F. S.S. M.S.
2 _68E-01 .34E-01
3 9.524 3.175
54 2.826 .52E-01

LSD Analysis
Identity
Seeded grass
Seeded forb

Non-seeded forb
Non-seeded grass

Treatment 5

ANOV
D.F. S.S. M.S.

2 .1987 _99E-01
3 16.80 5.600
54 2.990 .55E-01

LSD Analysis
Identity
Seeded grass
Seeded forb
Non-seeded Tforb
Non-seeded grass
Treatment 6
ANOV
D.F. S.S. M.S.
2 .3876 .1938
3 22.89 7.628
54 2.374 .44E-0I

LSD Analysis

Identity

Seeded grass
Seeded forb
Non-seeded Tforb
Non-seeded grass

F-value P-value

60.65 0.000

Mean production

60.4 b
0.0 a
o.l a
0.0 a
F-value P-value
101.1 0.000

Mean Production

132.5 b

0.0 a

0.8 a

0.4 a
F-value P-value
173.5 0.000

Mean Production



Table 46.

Table 47.
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Continued.

Treatment 7

ANOV
Source D.F. S.S. M.S.
Blocks 2 .1943 .97E-01
Categories 3 24.37 8.123
Residual 54 3.723 _69E-01
LSD Analysis
Factor Identity

Treatment 7 Seeded grass
Seeded forb
Non-seeded forb

Non-seeded grass

Analysis of variance and

F-value P-value

117.8 0.000

Mean Production

501.3
12.4
3.3
20.0

T oo

least significant

difference of Rooting Depth (P=0.05).

ANOV
Source D.F. S.S. M.S.
Replications 2 27.44 13.72
Treatments 5 5047. 1009.
Residual 10 536.6 53.66
LSD Analysis
Factor Identity
Rooting depth Treatment 2
Treatment 3
Treatment 4
Treatment 5
Treatment 6
Treatment 7

F-value

18.81

P-value

0.000

Mean Temperature

34.33 A
32.67 A
32.00 A
75.00 B
42.67 A
64.00 B
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Table 48. Analysis of variance and least significant
difference of Root Abundance by depth for
the coversoil treatments.

15 cm covecsoil

ANOV
Source D.F. 8 = M.S. F-value P-value
Treatments 4 5.40 1.35 5.49 0.000
Error 10 2.46 0.25

LSD Analysis

Factor Identity Mean Abundance

Depth 0-10 cm 1.9 b
10-15 cm 2.4 c
0-10 cm 2.8 C
10-20 cm 2.4 c
20-35 cm 1.1 a

30 cm coversoil

ANOV
Source D.F. S .Se M.S. F-value P-value
Treatments 5 3.98 0.80 6.19 0.000
Error 12 1.54 0.13

LSD Analysis

Factor Identity Mean Abundance

Depth 0-15 cm 2.0 a
15-25 cm 2.2 a
25-30 cm 2.3 a
0-10 cm 3.1 b
10-20 cm 3.2 b
20-35 cm 29 b
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Table 49. Analysis of variance and least significant
difference of Root Abundance by size (P=0.05)

Very Fine Roots

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .6663 .3332
Treatments 6 2.760 .5521 2.135 .1438
Residual 10 2.586 .2586

LSD Analysis

Factor Identity Mean Number

Very Fine Treatment 2 2.6 B
Treatment 3 1.8 AB
Treatment 4 1.9 AB
Treatment 5 2.5 AB
Treatment 6 1.6 A
Treatment 7 2.5 AB

Fine Roots

ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 .6274 .3137
Treatments 5 1.192 .2384 1.683 .2257
Residual 10 1.417 .1417

LSD Analysis

Factor ldentity Mean Number

Fine Treatment 2 2.4 A
Treatment 3 1.8 A
Treatment 4 1.9 A
Treatment 5 2.3 A
Treatment 6 1.8 A

Treatment 7



Table 49.

Continued.

Source

Blocks
Treatments
Residual

Factor

Medium

Source

Blocks
Treatments
Residual

Factor

Coarse

D.F.

(=3 1]
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Medium Roots

ANOV
S.S. M.S.

.20E-02 .10E-02
1.260 .2519
1.265 .1265

LSD Analysis
ldentity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NoOo gbhwN

Coarse Roots

ANOV
S.S. M.S.
.3090 .1545
.9764 .1953
2.818 .2818

LSD Analysis
Identity

Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

NoOoabhWN

F-value P-value

1.991

.1655

Mean Number

NP R R
H .

RPWo Lo
> >

opoo

F-value P-value

.6931

Mean

RPRRNRRP

A~NOUIN

.6418

Number
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Table 50. Analysis of variance and least significant
ifference of Temperature by depth (P=0.05)

1 Centimetec Depth

ANOV
source D-F. S.S. M.S. F-value P-value
Treatments 5 423.9 84.79
Residual 54 2196 26 79 1.104 .3691

LSD Analysis

Factor Identity Mean Temperature

1 cm depth Treatment | 30.25 AB
Treatment 2 30.45 AB
Treatment 3 32.00 AB
Treatment 4 34.70 B
Treatment 6 29.00 AB
Treatment 7 26.00 A

10 Centimeter Depth

ANOV
Source D.F. S.S. M.S. F-value P-value
Treatments 5 113.6 22.72
Residual 54 3416. 63.27 -3591 -8rad
LSD Analysis
Factor Identity Mean Temperature
10 cm depth Treatment | 20.70 A
Treatment 2 20.40 A
Treatment 3 23.55 A
Treatment 4 22.70 A
Treatment 6 20.40 A
Treatment 7 19.76 A
25 Centimeter Depth
ANOV
Source D.F. S.S. M.S. F-value P-value
Treatments 5 8.447 1.689 .30E-01 .9986
Residual 54 3016. 55.85
LSD Analysis
Factor Identity Mean Temperature
25 cm depth Treatment 1 18.87 A
Treatment 2 18.45 A
Treatment 3 18.17 A
Treatment 4 18.60 A
Treatment 6 17.90 A
Treatment 7 17.82 A
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Table 50. Continued.
50 Centimeter Depth

ANOV
Source D. F. S.S. M.S. F-value P-value
Treatments 5 10.91 2.181 40E-01  .9979
Residual Si 2927. 54.20
LSD Analysis
Factor Identity Mean Temperature
50 cm depth Treatment 1 18.22 A
Treatment 2 17.30 A
Treatment 3 17.40 A
Treatment 4 17.80 A
Treatment 6 16.85 A
Treatment 7 17.40 A

Table 51. Analysis oE variance and least significant
difference of Surface Temperature (P=0.05)

1985
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 4.333 2.167
Treatments 6 347.7 57.94 3.519 _.85E-02
Residual 33 543.4 16.47
LSD Analysis
Factor Identity Mean Temperature
1985 Treatment | 47.3 B
Treatment 2 47.1.B
Treatment 3 47.0 B
Treatment 4 47.2 B
Treatment 5 47.3 B
Treatment 6 41.6 A
Treatment 7 40.2 A
1986
ANOV
Source D.F. S.S. M.S. F-value P-value
Blocks 2 11.03 5.514
Treatments 6 1654. 275.6 8.908 0.000
Residual 33 2970 30.94
LSD Analysis
Factor Identity Mean Temperature
1986 Treatment | 38.2 C
Treatment 2 33.9 B
Treatment 3 35.6 CB
Treatment 4 35.5 CB
Treatment 5 33.8 B
Treatment 6 27.4 A
Treatment 7 26.9 A
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