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The Au+hors 

35a"lIROSLAtV &I. CZAPe3fvSKYJ, a native of Ukraine and a Unitesib 
States citizen since B95X received a Dip4omfors"Swirt degree from 
Ludwig-?daxirniISans University, Munich, Germany, in 1949, He 
obtained an 3I.S. degree in forcskrr; from the University of Maine 
in. 1958 and a Ph.D, degree in soils from Rutgers University in 1962. 
He joined the Northeastern Forest Experimen"eStation in 1961 as a 
research forester and was assigned to the strip-mine reclamation 
project atKingston, Pa,, for d l  j7ears. In 1973 he was transferred 
do the Station's project in culture of northeastern conifers with 
emphasis on spruce and fir, at Orono, Maine. 

EDiXJARD A, SOWA is a forestry technician at the Station's research 
unit at Kingston, Pa He has been located there since 1954, where 
he has served in research projects in forest rnanageaxent, watershed, 
wiidiife habitat, and forest recreation He is presently assigned to 
the surface mining restoration project. He holds an AD in science. 

A stud> was begun in 5965 to detersmne the e f ~ e c t  of Irrne, fez-- 
txllzer, and mulch on the estabiishment and growth of cro.iik.nvetch 
crolwns pianted on anthrac~ee coal-breaker refuse Af te r  7 years 
the !ime application had by far the stsrasng~sk effec-oth 2 5 and 
5 0 tons per acre increased surisval and ground cover manyfold, 
and both treatments s e r e  equally benefleaal from the f i r s t to  the 
seventh growang season The hencflts of fertlllzer and mu?cks were 
rrruch less Lime raised "Le pH te the  neutral range, and this range 
was still the same h e a r s  after treatnlent Excha~~geable Ga and 
Xlg were ra:sed, and percentace of 'base saturation and catlan 
exchange cape i t )  nncreased slgrrlflcantl., {>e% areas that received 
I ~ m e  and fertilizer treatnaenls 

Kbidtr-ords coal-breaker refuse, crownvetch, spos! amendments. 



IN MORE THAN 30 YEARS of experience available water per foot depth (2.4 cm per 
with test plantings in the Anthracite Re- 30 em).  Acidity ranged from pH 3.7 to 4.0. 

gion of Pennsylvania, few plantings have 
succeeded on coal-breaker refuse. Now we STUDY DESIGN 
have recent evidence that  coal-breaker refuse 
will support vegetation if the refuse is ade- 

AND ESTABLISHMENT 
quately limed, fertilized, and mulched. We had six 30x60-foot blocks, three each 

In a study begun in 1965, we learned that for the 1965 and 1966 plantings. Each block 

Penngift crownvetch (Colonilla vnria L.) was divided into three plots for lime treat- 
could be established on coal-breaker refuse ixents; and each of these was subdivided 
by planting crowns and using lime, fertilizer, 
and mulch treatments; and that, when estab- 
lished, the crownvetch provided quick and 
effective cover (Cxnpo.zust%yj and others 1968; 
Cxnpozuslcy j and So.ruct 1 973). 

In the work reported here, our objective 
was to determine how long effects of lime and 
fertilizer last. We did this by (1) estimating 
changes in ground cover of crownvetch dur- 
ing the 7-year period after  establishment, (2) 
comparing pH of the treated refuse immedi- 
ately after treatment, and (3) comparing 
chemical characteristics of untreated refuse 
with those of treated refuse 7 years after  
treatment. 

THE STUDY 
The study was established in 1965 in the 

vicinity of Tamaqua, Pennsylvania, on lands 
leased by the Greenwood Stripping Company. 
The site and study design have been briefly 
described in previous reports. 

Site.-The experimental site we selected 
was on the plateau top of a coal-breaker 
refuse pile. The refuse consists of frag- 
mented carbonaceous rocks associated with 
coal seams but separated from coal in a 
cleaning plant - a breaker. The site was 
practically level and some~vhat compacted by 
truck traffic. I t  was bare of vegetation. 

An analysis showed that  the refuse con- 
sisted 75 percent of shale fragments and 
coal pieces larger than 2 mm and 25 percent 
of material smaller than 2 mm, Bulk density 
was 1.6 gm/ccm, and total porosity was 14 
percent. The material retained 1.0 inch of 

into three subplots for fertilizer treatments. 
The subplots were split in two for mulch 
treatments. Thus the ultimate units were 10 
by 10 feet. Lime and fertilizer treatments 
were assigned randomly, but adjacent plots 
were used for mulch treatment to minimize 
the problem of holding the mulch in place. 

The treatments consisted of all combina- 
tions of three levels of hydrated lime (125 
percent calcium carbonate equivalent), three 
levels of 5-10-5 fertilizer, and two levels of 
straw mulch, as  follows: 

Lime : 0, 2.5, and 5.0 tons per acre. 
Fertilizer : 0, 250, and 500 pounds per acre. 
&Iulch: 0 and 1 bale of about 50 pounds of 
straw per block. 

The liming rates were based on lime- 
neutralization tests. The 2.5- and 5.0-ton 
rates were calculated to raise the pH to 
about 6.0 and 6.5 respectively. Rates for 
fertilizer and mulch represented arbitrary 
judgments of reasonable amounts. 

Lime and fertilizer were applied with a 
calibrated seed and fertilizer spreader short- 
ly after  the spring thaw. The mulch was 
spread by hand after planting. 

In spring 1965,25 two-year-old crownvetch 
crowns, each including 8 to 10 inches of tap- 
root, were hand-planted with mattock a t  
2x2-foot spacing in 3 of the blocks. Each 
block thus contained 459 crowns, and the 
entire planting in 1965 totaled 1,350 crowns. 

In spring 1966, the other 3 blocks were 
planted the same way as described above. 
This resulted in 6 blocks planted with a total 
of 2,700 crowns. 



MEASUREMENTS 
AND ANALYSIS 

Crownvetch 
\Ve measured both the survival and ground 

cover for the first three growing seasons. 
Ground cover was determined by measuring 
the diameter of each plant in three directions 
and computing an average diameter, The 
ground-cover area of the plants was later 
calculated and converted to  a percentage of 
the sub-subplot area. In the analysis of 
variance the survival rates and percentage of 
ground cover were transformed into arcsine 
values* 

After 3 years the survival had leveled off, 
and the ground cover had increased by run- 
ners so it was difficult to recognize individual 
plants. Therefore we measured only the 
ground cover in later years. Ground cover 
was obtained by atreraging visual estimates 
of three workers. 

Breaker Ref use 
Seven years after treatments, we col- 

lected refuse samples from the 0 to 6-inch 
surface layer and the 6 to 12-inch layer. The 
samples were air-dried and passed through a 
2-mm sieve. The material less than 2 mm 
diameter was subjected to the following 
chemical analyses : 

1. pH values were deterniined, using an 
electronic pH meter on 1 to 1 refuse: 
water ratio samples, 

2. Exchange acidity was determined accord- 
ing to the method outlined by Adams and 
Evans (1962) ; available cations were ex- 
tracted with neutral IN  NH40Ac and 
determined by atomic absorption, plios- 
phorus was extracted as suggested by 
Nelson and others (1953) and was deter- 
mined calorimetrically, 

Table I .-Percent-age survival of  crownvet-ch planted on 
anthracite coal-breaker refuse 
[Average o f  three replications] 

Lime applied at  sate (tons/aere) of- 

Growing Fertilizer 0 2.5 5.0 - 
season applied 

NO Straw No Straw PJo Straw 
mulch mulch mulch mulch mulch mulch 

PLANTED I N  1965 
1 
9 J 21 89 9 5 92 97 
M 6 )  8 7 9 88 87 92 
3 1 0  1 75 88 83 92 

PLANTED IN 1966 

O C  
1 48 
1 41 

t 0 1 41 

9 : " 5, 
) aoo ; i 3 

i " 24 
2 54 



RESULTS A N D  DISCUSSION ground cover manyfold. The rates of lime 
a t  2.5 and 5.0 tons were equally beneficial 

Lirne, fertilizer, and mulch produced a dif- 
from the first through the third growing 

ference in crownvetrrrh performance and in seasons. The strong response to lime was 
cfiemical ~ha~ae te r i s t i c s  of the breaker refuse. what we expected, because crownvetch re- 
Crownvef ch quires a relatively high pH and high avail- 

Lirne was the most in~portant  factor in able calcium for best growth. 
s w i v a l  and growth of crownvetch (tables From the nearly equal responses to the 
1, 2, and 3 ) .  Lime increased survival and 2.5- and 5.0-ton-per-acre applications of 

Table 2.-Percentage of ground cover produced by crownvefch planied on 
anthracite coal-breaker refuse 

Lime applied a t  ra te  (tonslacre) of- 

Growing Fertilizer 0 2.5 5.0 
season (lbs./acre) 

No Straw hTo Straw No Straw 
mulch mulch mulch mulch mulch mulch 

PLANTED I N  1965 

1 < I  < I  4 
2 5 
3 0 O 9 10 
4" 0 - - - 
5 0 0 55 
6 0 0 75 
7 0 0 8 0 

1 <1 < I  5 
2 5 
3 

O 
12 0 <1 

4" 250 - - - 
5 0 0 55 
6 0 0 80 
R 0 0 85 

1 <1 <1 7 
2 <1 0 6 
3 0 0 15 
4 * 500 - - A 

5 0 0 70 
6 0 0 80 
7 0 0 9 0 

PLANTED I N  1966 

1 < I  < I  2 
6 

21 
4 5 

5 0 0 75 
6 0 0 8 0 

1 <1 0 1 
2 0 0 6 
3 250 0 0 2 8 
4 0 0 5 0 
5 0 0 80 
6 0 0 8 0 

1 0 <1 2 
2 11 
3 500 43 0 <1 
4 0 0 70 
5 0 0 85 
6 0 0 9 0 

*No measurements taken. 



Table 3.-Significance levels of hypothesis tested 
in analyses of variance 

Survival, by Ground cover, by 
Source of growing season growing season 
variation 

Firs t  Third Firs t  Third 

Year planted (Y)  * x * * *- * * * 
Lime ( L) * rj: * * * * * * 
Mulch ( M )  #: N.S. * * * 
Fertilizer ( F )  N.S. N.S. 8 * * 
Y x L  * * * * e % 8 * 
L x M  N.S. N.S. I N.S. 
M x F  N.S. N.S. * * I * 

* = Significant at 5-percent ferel. 
** =I Significant a t  1-percent level. 

N.S.r= Not significant, 

lime, we infer that the smaller amount was 
ample. I t  is possible that less than 2.5 tons 
per acre may be adequate. 

The responses depended on the year of 
planting. The analyses revealed that  the 
plots planted in 1965 had significantly (1- 
percent level) higher average survival and 
percentage of ground cover than those 
planted in 1966. This was probably because 
the 1966 growing season was especially dry. 
However, the effect of planting year was the 
opposite after the third growing season. The 
1966 planting had lower survival (table 1 )  
but better ground cover than the 1965 plant- 
ing (table 1 and 2).  

Furthermore, the analyses showed highly 
significant effects of both survival and 
ground-cover percentages due to lime appli- 
cation and planting-year interactions. The 
analysis showed that  this difference was due 
primarily to the lime alone, because there 
was practically no survival nor ground cover 
on unlimed sites - for both planting years. 

The fertilizer treatments did not affect the 
survival of crownvetch. However. added fer- 
tilizer did produce more ground cover. These 
effects were statistically significant a t  the 
5-percent level during the first growing sea- 
son for planting year 1965. By the third 
growing season, the effects were highly sig- 
nificant (I-percent level), even t h o ~ ~ g h  there 
were some inconsistencies. The favorable 
response was due mainly to the pronounced 
increase in ground cover for the 1966 plant- 
ing. The analysis showed that plots treated 

with 250 pounds per acre of fertilizer had 
nearly the same ground cover as the unfer- 
tilized plots. The ground cover was consid- 
erably higher during the first as  well a s  the 
third growing season on the plots treated 
with 500 pounds per acre of fertilizer. 

Mulching helped in establishillg crown- 
vetch. AIulched plots had 10 percent better 
survival than unmulched plots in the first 
growing season in the 1965 planting, and the 
mulched plots had almost twice as much 
ground cover as unmulched plots in the first 
growing season, In the third growing season 
the differences diminished. 

The year and fertilizer interaction effects 
were examined also. The analyses showed 
that the percentage cover increases were due 
to the higher fertilizer application. 

Lime and mulch interaction was significant 
for the ground-cover percentage for the first 
growing season only. The interaction was 
due to the lime, because the ground cover 
was practically zero in both niulched and 
unmulched plots where lime was not applied. 

No significant effects of lime and fertilizer 
interactions were revealed. 

There were practically no differences in 
crownvetch ground cover between the two 
levels of linle and two levels of fertilizer 
after the sixth and seventh years. Percent- 
age of ground cover ranged from 80 to 95 
percent, and a recent inspection of the plant- 
ing site showed that a few subplots were 
completely covered wit11 vegetation. 



GoalmBreaker Refuse 
Data on chemical characteristics of coal- 

breaker refuse 7' years after  lime and fer- 
tilizer applications a re  presented in tables 4 
and 5. The average values for pH, P, Ca, 
Mg, cation exchange capacity, and base 
saturation (table 4) were consistently dif- 
ferent for the surface layer (0-6 inch) as 
compared to those of the subsurface (6-12 
inch) layer in most treatments. K and Na 
did not vary among the treatments. 

On the unlimed plots, values for Ca and 
21g were consistently higher in the subsur- 
face layer, especially where fertilizer was 
added. The P values were somewhat higher 
in the surface layer. On limed plots all 
values except Mg, K, and Na were consist- 
ently and markedly higher in the surface 
layer. The value for the subsurface layer 
also increased as compared to that of un- 
limed plots, indicating that  some leaching 
occurred. 

The values for exchangeable micronutri- 
ents Mn, Cu, Zn, and Fe  are  given in table 5. 
None of these seemed to be in quantities 

toxic to the plant; and the treatments af- 
fected the level only slightly, with the excep- 
tion of Zn, which was somewhat higher. 

Lime had the stronger direct effect on im- 
provement of coal-breaker refuse fertility. 
Both 2.5- and 5.0-ton-per-acre applications 
increased the pH values, exchangeable Ca, 
cation exchange capacity, and percentage of 
base saturation of the surface layer to satis- 
factory levels. The Ca values were higher 
on plots with 5.0 tons per acre as compared 
to those with only 2.5 tons. The values for 
P increased only slightly. 

The effects of commercial fertilizer were 
neither of great magnitude nor consistent; 
perhaps the application of higher rates would 
have produced more effect. 

The biological effects also have to be men- 
tioned. All the crownvetch died on unlimed 
plots. Crownvetch covered 80 to 95 percent 
of the ground on limed plots. The crown- 
vetch produced a vigorous vegetative cover 
above the ground and an extensive root sys- 
tem in the surface layer. Thus the plants 
themselves contributed to site fertility. The 

Table 4.-Selected chemico-nutritional characteristics of anthracite coal-breaker refuse 
7 years after lime and fertilizer application 

Applications Exchangeable bases 
per acre pH Extractable Base 

P C.E,C, Ca++ M ~ + +  K +  Na+ Total Exchange saturation 
Lime Fertilizer Depth acidity 

T o n s  Lbs. In. pH m e / 1 ~ ~ g m o f s o i l  - - - - - - - - - - Pet. P p m  - - - - - - - - - -  



Table 5.-Amount of micronutrients present in anthracite coal- 
breaker refuse 7 years after lime and fertilizer application 

Applications per acre Exchangeable - 
Lime Fertilizer Depth Mn Cu Zn Fe 

Tons Lbs. 1%. - - - - . - - - p P m - - - - - - - -  

increases in cation exchange capacity on 
limed plots may be attributed, in part, to an 
increase of organic material produced by the 
crownvetch as  well as the direct effect of in- 
creased pH on cation exchange capacity. 

The ?-year results from this study permit 
the following conclusions : 

0 Lime is essential for  establishment and 
growth of crownvetch on highly acid 
anthracite coal-breaker refuse. 

0 The lower liming rat+2.5 tons per acre 
-was as beneficial as  the higher rate--- 
5.0 tons per acre. 

0 Effects of lime were evident in neutraliz- 
ing acidity, increasing availability of Ca, 
cation exchange capacity, and base satu- 
ration of the coal-breaker refuse. 

!, Lime effects in establishing erownvetch, 
neutralizing acidity, and improving fer- 

tility were still strongly in evidence 7 
years after treatment. 

!, The low rates of fertilizer had little in- 
fluence upon survivai but enhanced the 
establishment of ground cover. 

0 Mulch provided some benefit in establish- 
ing ground cover. 
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Headquarters of the Northeastern Forest Experiment Station 
are in Upper Darby, Pa. Field laboratories and research units 
are maintained at: 

Amherst, Massachusetts, in cooperation with the University 
of Massachusetts. 

Beltsville, Maryland. 
Berea, Kentucky, in cooperation with Berea College. 

Burlington, Vermont, in cooperation with the University of 

Delaware, Ohio. 
Durham, New Hampshire, in cooperation with the University 
of New Hampshire. 

0 Hamden, Connecticut, in cooperation with Yale University. 
Kingston, Pennsylvania. 

Morgantown, West Virginia, in cooperation with West Vir- 
ginia University, Morgantown. 

Orono, Maine, in cooperation with the University of Maine, 

0 Parsons, West  Virginia. 
0 Pennington, New Jersey. 

Princeton, West Virginia. 
Syracuse, New York, in cooperation with the State University 
of New York College of Environmental Sciences and Forest- 
ry at Syracuse University, Syracuse. 

Warren, Pennsylvania. 






