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Ludeke Corporation 

Abstract 
Forest litter, a good source of organic matter and seeds, was 

applied on undisturbed soil and on coal mine soil (spoils) in experi- 
ments conducted on the Black Mesa Coal Mine near Kayenta, 
Arizona over a 2 -year period (1977 - 1978). Germination, seedling 
establishment, plant height, and ground cover were evaluated for 
two seeding treatments (forest litter and no forest litter) and two 
soil- moisture treatments (natural rainfall and natural rainfall plus 
irrigation). The forest litter was obtained at random from the 
Coconino National Forest, broadcast over the surface of the soil 
materials, and incorporated into the surface 5 cm of each soil 
material. Germination, seedling establishment, plant height, and 
ground cover on undisturbed soil and coal mine soil were higher 
when forest litter was applied than when it was not applied and 
when natural rainfall was supplemented with sprinkler irrigation 
than when rainfall was not supplemented with irrigation. Applica- 
tions of forest litter and supplemental irrigation may insure suc- 
cessful establishment of vegetation on areas disturbed by open -pit 
coal mining. 
Additional Index Words: Environment, Pollution, Reclamation, 
Seeding, Disturbed Lands. 
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Introduction 
Surface mining of coal disturbs large areas of land in 

semiarid sections of the southwestern U.S.A. annually. 
Since 1970, disturbed land reclamation through revegeta- 
tion has been accomplished successfully in this region. 
Coal mine soils in semiarid environments are difficult to 
revegetate due to limited soil moisture. 

Revegetation of disturbed lands has been most success- 
ful when organic matter was incorporated into the soil sur- 
face. Forest litter from national forests in semiarid regions 
contains viable seeds of many adapted plant species. Apply- 
ing forest litter to disturbed lands provides seeds of plant 
species adapted to a semiarid environment. Forest litter 
also provides organic matter for the disturbed area and thus 
creates an environment more suitable for seed germination. 

Literature Review 
Throughout arid and semiarid regions of the southwest- 

ern U.S.A., reclamation of disturbed land depends primar- 
ily on the conservation and efficient use of limited precipi- 
tation (Power et al., 1977). Ultimately, vegetative stabiliza- 
tion should produce a plant cover which can exist under 
local conditions without assistance (Dean, 1971). For suc- 
cessful vegetative stabilization, climatic studies should be 
made to determine potential plant species compatible with 
the climate (Powell and Barnhisel, 1977). Balzer et al. (1975) 
showed that planting native species resulted in more effec- 
tive vegetative growth than growing introduced species. 
Day and Ludeke (1978) considered reclamation of mining 
wastes through revegetation to be the most economical 
means of providing erosion control and stabilization. In ad- 
dition to providing an immediate and economical ground 
cover, forages aid in the restoration of the spoil material to 
a productive soil (Bennett, 1977). Cundell (1977) found that 
the presence of vegetation had a great influence on the 
number of soil microorganisms in the spoil. Ludeke et al. 
(1974) reported that the low organic matter content of 
copper mine wastes required the incorporation of organic 
material into the surface of tailings slopes to obtain satisfac- 
tory plant growth. The majority of plant species considered 
to be effective colonizers in an arid section of southeastern 
Utah invaded the area by seed (Jaynes and Harper, 1978). 
Saner (1975) established plant growth on infertile spoil in a 
semiarid climate using native plant species vacuumed 
from desirable areas. A permanent, maintenance -free, self - 
sustaining vegetation can be established by utilizing plants 
in the reclamation of mining wastes (Le Roy and Keller, 
1972). 

The objectives of this experiment were to study seed 
germination (emergence), seedling establishment, plant 
height, and percent ground cover from forest litter applied 
to undisturbed soil and coal mine soil (spoils). 

Materials and Methods 
Germination, seedling establishment, plant height, and 

ground cover from the application of forest litter on undis- 
turbed soil and on coal mine soil on the Black Mesa Coal 
Mine near Kayenta, Arizona were studied over a two -year 
period (1977- 1978). Forest litter consisted of surface soils, 
dead plant and animal material at various stages of decom- 
position, and seeds from adapted plant species in the forest. 
The forest litter was collected from the Coconino National 
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Table 1. Germination, seedling establishment, plant height, and ground cover on undisturbed soil and coal mine soil, without forest litter 
and with forest litter, and with natural rainfall and with natural rainfall plus sprinkler irrigation on the Black Mesa Coal Mine, Kayenta, 
Arizona in 1977 and 1978 (2 -year average). 

Soil 
material 

Seeding 
treatment 

Soil- moisture 
treatment 

Seeds 
germinated 

in 1 m2 

Seedlings 
established 

in 1 m2 

Undisturbed soil 

Coal mine soil 

C.V. (%) 

No forest litter 

Forest litter 

No forest litter 

Forest litter 

Significance of differences: 
Between soil materials 
Between seeding treatments 
Between soil -moistrue treatments 

Natural rainfall 

Natural rainfall 
plus irrigation 

Natural rainfall 

Natural rainfall 
plus irrigation 

Natural rainfall 

Natural rainfall 
plus irrigation 

Natural rainfall 

Natural rainfall 
plus irrigation 

(no.) 
4e+ 

(no.) 
3 fg 

28b 14e 

26c 7e 

52a 27a 

4e 2g 

14d 9d 

14d 4f 

26c 17b 

5 9 

Plant 
height 

(cm) 
18e 

23d 

26 c 

36 a 

13f 

23d 

21 de 

29 b 

7 

Ground 
cover 

( %) 
8g 

45 c 

40 d 

80 a 

7g 

33 e 

25f 

50 b 

2 

"Significant at 1% level. 

+Means followed by the same letter, between soil materials, between seeding treatments, and between soil- moisture treatments are not different at the 5% level of significance, using the 
Student- Newman- Keuls' Test. 

Forest near Flagstaff, Arizona where the following plant 
species grew: 

Common Name 
Blue gramagrass 
Squirrel -tail 
Drop -seed 
Poverty three -awn 
Needle- and -thread 
Pinyon pine 
Juniper 

Sunflower 
Rocky Mountain bee -plant 
Thread -leaf groundsel 
Goosefoot 
Groundcherry 
Snake -weed 
Crown -beard 

Portulaca 
Globemallow 
Russian thistle 

Scientific Name 
Bouteloua gracilis (H.B.K.) Lag. 
Sitanion hystrix (Nutt.) J.G. Smith 
Sporobolus contractus Hitchc. 
Aristida divaricata Humb. & Bonpl. 
Stipa comata Trin. & Rupr. 
Pinus edulis Engelm. 
Juniperus monosperma (Engelm.) 

Sarg. 
Helianthus petiolaris Nutt. 
Cleome serrulata Pursh. 
Senecio douglasii D.C. 
Chenopodium watsoni A. Nels. 
Physalis fendleri Gray 
Gutierrezia lucida Greene 
Verbesina encelioides (Cay.) 

Benth & Hook. 
Portulaca retusa Engelm. 
Sphaeralcea subhastata Coult. 
Salsola kali L. 

The undisturbed soil has been classified as a miscellane- 
ous land type with a variety of soil textures. Two seeding 
treatments were observed: (1) no forest litter, and (2) forest 
litter applied to the surface at the rate of 2,400 kg /ha. Two 
soil- moisture treatments were used: (1) natural rainfall 
(20 cm) and (2) natural rainfall (20 cm) plus irrigation 

(40 cm). The experimental design was a split -split -plot 
with soil materials as main plots, seeding treatments as 
sub -plots, and soil- moisture treatments as sub -sub -plots 
with four replications. The plot size was 4 m2. The coal 
mine soil was leveled with a bulldozer to conform to the 
surrounding topography. Undisturbed soil and coal mine 
soil were both disked with a double -disk harrow to produce 
a satisfactory seedbed for planting. Both soil materials 
were fertilized with 560 kg /ha of 16 -20 -0 commerical fer- 
tilizer prior to planting. The forest litter was obtained at 
random from the surface 10 cm. After it was uniformly 
mixed, the forest litter was broadcast over the surface of 
the soil materials, and incorporated into the surface 5 cm of 
each soil material with hand rakes. Irrigation water was 
applied immediately after planting and as needed through- 
out the growing season with a sprinkler irrigation system. 
The following data were obtained at the end of the growing 
season each year: (1) seeds germinated (emerged), (2) seed- 
lings established, (3) plant height, and (4) percent ground 
cover. All data were analyzed using the standard analysis of 
variance and means were compared using the Student - 
Newman- Keuls' Test as described by Steel and Torrie 
(1960). 

Results and Discussion 
Environmental factors such as temperature, moisture, 

elevation, and soil materials determined which seeds of 
plant species from the forest litter germinated and grew at 
the mine site. The following seeds germinated and estab- 
lished permanent plants at the research sites: 



60 

Common Name 
Sunflower 
Russian thistle 
Drop -seed 
Thread -leaf groundsel 
Blue gramagrass 
Goosefoot 
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Scientific Name 
Helianthus petiolaris Nutt. 
Salsola kali L. 

Sporobolus contractus Hitchc. 
Senecio douglasii D.C. 
Boutelouagracilis (H.B.K.) Lag. 
Chenopodium watsoni 

A. Nelson 

The average number of seeds germinated per unit area 
differed between soil materials, between seeding treat- 
ments, and between soil- moisture treatments. Average 
germination was higher in undisturbed soil than in coal 
mine soil, when forest litter was applied than when it was 
not applied, and when natural rainfall was supplemented 
with irrigation water than when natural rainfall alone was 
used (Table 1). 

Seedling establishment was higher in undisturbed soil 
than in coal mine soil, when forest litter was applied than 
when it was not applied, and when the area was irrigated 
than when it received natural rainfall (Table 1). 

Plants grew taller in undisturbed soil than in coal mine 
soil, when forest litter was applied than when it was not 
applied, and when irrigation was used than when no sup- 
plemental water was applied (Table 1). 

Average percent ground cover was higher in undisturbed 
soil than in coal mine soil, when forest litter was applied 
than when it was not applied, and when natural rainfall 
was supplemented with irrigation water than when plots 
received only natural rainfall (Table 1). Treatment effects 
were clear -cut with no major interactions between treat- 
ments. Since the original data were subjected to the 
analysis of variance, no transformations of data were re- 
quired prior to the statistical analysis. 

The application of forest litter to a disturbed area pro- 
vides viable seeds and organic matter. Organic matter 
creates an environment more suitable for germination and 
seedling establishment by improving aeration, increasing 
water -holding capacity, and providing a loose seed -bed. 

The application of forest litter to disturbed land areas in- 
sures the presence of seeds capable of germination. High 
germination usually results in a high seedling establish- 
ment. The development of a more compact root community 
below the soil surface accompanies high seedling estab- 
lishment. A more compact root community stabilizes the 
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soil surface more effectively and makes it more resistant to 
the harmful effects of erosion and trampling by wildlife 
than a sparse root system. 

Applying forest litter to disturbed mining areas provides 
seeds from the native vegetation and also provides an envi- 
ronment more suitable for seed germination and seedling 
establishment. High seedling establishment provides a 
more pleasing appearance to a disturbed area than does a 
low seedling establishment and results in a higher percent 
ground cover. A high percent ground cover protects the soil 
surface against wind and water erosion. 

The application of forest litter to disturbed mine lands 
creates a more desirable soil medium into which native 
plant species can be established for effective reclamation of 
disturbed lands in a semiarid environment. 
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broom of twigs, technically referred to in English as a 
"BESOM," which may have allowed not only sweeping ac- 
tion but also something of a scooping or holding one as 
well, analagous to the scopa of a bee which holds pollen. 

The plant called Desert Broom (Baccharis sarothroides) 
in the American Southwest, although in a different plant 
family, has many of the characteristics of Cytisus 
scoparius. Note also derivation of the specific epithet 
sarothroides of Desert Broom from the Greek word SARO- 
THRON. Both the Baccharis and the Cytisus have numerous 
tightly- spaced, long, slender, erect, and tough branches on 
which the small leaves may be nearly vestigial unless the 
plants have been grown in shady situations with excess 

water. Both the Cytisus and Baccharis show fundamental 
adaptations to aridity. In keeping with a lessening of the 
importance of their leaves, both the Baccharis and Cytisus 
have green stems, an adaptation seen in many xeric- adapted 
plants, notably Palo Verde (Cercidiutn spp.). 

Any description of the habitat of Cytisus scoparius 
makes it clear that the Broom or PLANTA GENISTA of the 
Plantagenets is a species of clearly xerophytic adaptation, 
growing in bright, sunny, dry, waste places, often on little 
more than sand or stones. It has long been used as a binder 
for erosion control, its roots holding soil on steep banks. 
Liberty Hyde Baily in his classic Cyclopedia of Horticul- 
ture (MacMillan Company. 1922. Vol. 2: 948) noted that it 
has been "recommended by landscape gardeners for cover- 
ing raw and broken places." 

Continued 
on page 90 


