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A Problem in Planting 

0 PEN-PIT o r  s t r i p  mining has 
become an important method of  mining bituminous coa l  i n  
Pennsylvania. I n  1958 some 19.5 mi l l i on  tons of s o f t  coal-- 
29 percent  of t h e  t o t a l  bituminous production i n  t h e  State--  
were produced by t h i s  method. 

The land a r e a  a f f ec t ed  by s tr ip-mining is small .  For 
example, C l e a r f i e l d  County now produces more strip-mined 
bituminous coa l  than any o the r  county i n  t he  S t a t e ,  y e t  t he  
a r e a  a f f ec t ed  by s t r i p p i n g  i n  1958 was only 0.4 percent  of 
t h e  t o t a l  a r ea  of t he  county. 

Small a s  these  strip-mined areas  are, they make a 
d i s t i n c t i v e  mark upon the  landscape. Much of t h e  ma te r i a l  
turned up on banks remains adverse t o  na tu ra l  establ ishment  
o f  vege ta t ion  f o r  many years .  Ground cover from n a t u r a l l y  
invading spec i e s  is well  under 50 percent  a f t e r  10 years,  
and t h e r e  i s  very l i t t l e  d e s i r a b l e  t r e e  cover a f t e r  20 years  
( 2 ) .  I f  these  a reas  a r e  t o  be  covered with t r e e s  having 
poss ib l e  economic value, those t r e e s  must be  planted.  

The Pennsylvania Department of Mines and Mineral 
I n d u s t r i e s  es t imates  t h a t  about 10,000 ac re s  of strip-mined 
bituminous lands a r e  being r e s to red  t o  t r e e s  and g ra s se s  
each year  i n  Pennsylvania. Some of  t h i s  p lan t ing  is on land 
strip-mined before  l e g i s l a t i v e  ac t ion  i n  1946 which required 
r e s t o r a t i o n  of s t r ip-mine banks. Yet most of t h i s  year ly  
p l an t ing  job is  on freshly-made banks 1 t o  3 years  o ld .  

An important problem i n  r e f o r e s t i n g  these  a reas  is t o  
determine t h e  b e s t  t r e e  spec i e s  t o  use. To help solve t h i s  
problem, 22 research-demonstration p l an t ings  were e s t ab l i sh -  
ed from 1946 t o  1949 by The Pennsylvania S t a t e  Univers i ty  
School of  Forestry,  i n  14 count ies  of c e n t r a l  and western 
Pennsylvania ( f i g .  1 ) .  The t e s t  p lan t ings ,  each approximate- 
l y  1 a c r e  i n  s i ze ,  were designed t o  include about 100 t r e e s  
of each spec i e s  being t e s t ed .  The indiv idua l  spec ies  were 
p lan ted  a t  a 6- by 6-foot spacing i n  small blocks cons i s t i ng  
o f  fou r  o r  f i v e  rows running up and down the  s lope.  

From 4 t o  16 d i f f e r e n t  t r e e  species ,  t o t a l l i n g  400 t o  
1,600 seedl ings,  were planted i n  each t e s t  a rea .  Four shrub 
spec ies  were p lan ted  on each of  fou r  banks. Seedlings were 
hand-planted with mattocks i n  t h e  spr ing  on 1- t o  3-year-old 
s tr ip-mine banks. 



Figure 1.--The distribution of the test plantings on 
strip-mine banks in the bituminous coal region of Penn- 
sylvania. Figures indicate the number of the test plant- 
ing. 

Personne l  from t h e  School of  F o r e s t r y  of  t h e  Pennsyl- 
v a n i a  S t a t e  U n i v e r s i t y  measured t h e s e  exper imental  p l a n t i n g s  
5 y e a r s  a f t e r  e s tab l i shment .  The 5-year r e s u l t s  have been 
pub l i shed  (1).  

For a more c o n c l u s i v e  s tudy  of  t h e s e  p l a n t a t i o n s ,  a 
c o o p e r a t i v e  p r o j e c t  was under taken i n  1958 by t h e  Pennsyl- 
v a n i a  Department of F o r e s t s  and Waters, t h e  Pennsy lvan ia  
Department of Mines and Mineral I n d u s t r i e s ,  The Pennsylvania  
S t a t e  Univers i ty ,  t h e  Izaak Walton League of  Pennsylvania ,  
t h e  Independent Mineral P roducers  Assoc ia t ion ,  and t h e  
Nor theas te rn  F o r e s t  Experiment S t a t i o n .  T h i s  i s  a r e p o r t  on 
t h a t  p r o j e c t .  I t  p r e s e n t s  in fo rmat ion  on s u r v i v a l ,  growth, 
and development of  t r e e  and shrub  s p e c i e s  a f t e r  1 0  growing 
seasons .  

Conditions Studied 
T o t a l  h e i g h t  was measured f o r  a l l  s p e c i e s ;  and, i n  

a d d i t i o n ,  f o r  t h o s e  t r e e s  more than  10  y e a r s  o ld ,  10-year 
h e i g h t  w a s  measured. I n  most cases ,  a l l  t r e e s  p r e s e n t  were 
measured; b u t  where t h e  t r e e s  i n  a b lock  were t a l l e r  than  
about 17 f e e t ,  every o t h e r  t r e e  i n  each row was measured, 



I giving a sample of  30 t o  60 t r e e s .  A complete count was made 
t o  determine surv iva l  percent .  Diameter a t  b r e a s t  height  was 
recorded f o r  a l l  t r e e s  l a r g e r  than 2.0 inches. An app ra i sa l  
was made of t he  form and vigor  of each individual ,  and each 
t r e e  was inspected f o r  d i sease  and in sec t  damage. A l l  t r e e  
d a t a  were recorded by topographic pos i t i on  a s  lower ha l f  
slope, upper ha l f  slope, and r i dge  top. 

Samples of t he  bank ma te r i a l  were taken a t  each t e s t  
a r ea  t o  ge t  an es t imate  of c e r t a i n  s o i l  c h a r a c t e r i s t i c s  i n  
t h e  3- t o  9-inch depth. Three samples were taken a t  equal ly 
spaced poin ts  along the  contour within each topographic po- 
s i t i o n .  Samples were taken, when possible ,  on su r f ace  mate- 
r i a l  ba re  of  vege ta t ion  i n  order  t o  determine s o i l  charac- 
t e r i s t i c s  of t he  unvegetated areas.  (The study was not  de- 
signed t o  i nves t iga t e  t h e  s o i l  c h a r a c t e r i s t i c s  under d i f f e r -  
e n t  types of  vege ta t ive  cover.) 

S o i l  content  was determined by screening the  samples 
and f ind ing  t h e  proport iop of s o i l  p a r t i c l e s  less than 2 mm. 
i n  diameter.  S o i l  t ex tu re  was determined according t o  t he  
Bouyoucos hydrometer method. Organic-matter content  and t h e  
r ead i ly  ava i l ab l e  nutrients--phosphorous and potassium--were 
a l s o  determined. About a dozen wel l -d is t r ibu ted  s o i l  samples 
per  bank were taken f o r  pH determinat ion by t h e  glass-  
e loc t rode  technique. 

Because of t he  methods used i n  s t r i p -min ing  opera- 
t ions ,  extreme va r i a t i ons  i n  s i t e  a r e  encountered. A summary 
of important s o i l  c h a r a c t e r i s t i c s  is given i n  t a b l e  1. 

BANK TYPES 

Banks a r e  composed of d i f f e r e n t  rock material ,  de- 
pending on t h e  geologic s t r u c t u r e  of  t he  area.  These mate- 
r i a l s  vary i n  such cha rac t e rks t i c s  as color ,  consistency, 
ac id i ty ,  and r a t e  of weathering. When t h e  t e s t  p lan t ings  
were es tab l i shed ,  t he  banks were c l a s s i f i e d  i n t o  four  types 
( 3 ) .  Of the 22 t e s t  plant ings,  16 were made on Type I1 
banks ( t a b l e  1 ) .  

Their  sur f  ace mater ia l  came predominantly from so f t ,  
thick-bedded shales ,  yellow t o  brown i n  color ,  and t o  a 
l e s s e r  ex ten t  from sandstone and thin-bedded carbonaceous 
sha l e s .  Type I1 banks a r e  moderately t o  s t rongly  acid 
(u sua l ly  pH is  between 4.0 and 5.5) ; they have a compact 
consistency, and weather r a t h e r  rap id ly .  A de sc r ip t i on  of 
the  o ther  th ree  bank types can be  found i n  t he  Appendix. 



Table 1.--Bank cha rac t e r i s t i c s  on t e s t  areas, 10-15 years a f t e r  formation 

So i l  texture  Acidity Readily 

Bank Organic avai lable  Test Location S o i l  
type content P a r t i c l e  s i z e  matter nu t r i en t s  

No. (County) Textural  

Sand S i l t  Clay 
c l a s s i f i c a t i o n  

Range 
P K 

per- Per- Per- Per- - - - pH pH - Per- - Pounds 
cent cent cent cent - cent per acre - 

1 Allegheny I I 68 29 36 35 clay loam 5.7 4.3-6.9 3.0 7 130 
2 Armstrong I I 37 22 40 38 c lay  loam 4.1 3.9-4.4 1.7 3 155 
3 Beaver I1 62 27 40 33 clay loam 4.7 4.5-5.7 4.0 3 95 
4 But ler  I I 76 14 39 47 c lay  4.0 3.4-5.6 1.3 3 97 
5 Centre I I 50 44 33 23 loam 3.7 3.5-4.0 3.0 0 75 
6 Clarion I 50 29 47 24 10- 3.2  2.8-3.6 2.3 2 88 
7 Clar ion  I 41 35 37 28 clay loam 3.3 1.9 1 104 2.9-4.6 
8 Clarion I1 49 24 39 37 c lay  loam 4.0 3.8-4.6 3.2 0 113 
9 C lea r f i e ld  I I 32 36 32 32 clay loam 3.6 2.9-4.5 1.7 2 105 

10 Clearf i e l d  I I 25 45 26 29 c lay  loam 4.1 3.6-5.0 3.0 8 157 
11 Clearf i e l d  I1 37 37 31 32 3.6 2.5-4.3 3.6 4 102 clay loam 
12 Clearf i e l d  I1 37 44 33 23 loam 4.0 3.7-4.5 2.6 0 112 
13 Fayette I1 43 44 27 29 c lay  loam 3.7 3.0-4.4 4.4 0 60 
14 Indiana I1 31 36 35 29 c lay  loam 5.0 4.2-6.0 1.6 5 82 
15 Jef ferson I1 48 20 42 38 clay 3.8 3.1-5.0 1.5 1 70 
16 Jef ferson I I 24 25 40 35 clay loan 4.5 4.2-4.7 2.2 0 68 
17 Mercer IV 67 34 28 38 clay loam 4.3 2.9-5.8 2.4 7 90 
18 Mercer I V  64 34 33 33 clay loam 5.7 3.2-7.4 1.4 16 72 
19 Mercer I V  57 68 20 12 sandy loam 6.9 5.8-7.8 1.1 17 57 
20 Somerset I I 29 38 34 28 c lay  loam 4.5 4.2-4.9 2.8 0 91 
21 Washington I1 42 40 38 22 loam 4.1 3.6-4.4 2.8 4 90 
22 Westmoreland I11 68 55 21 24 clay loam 4.2 3.8-4.4 4.3 0 118 



SOIL CONTENT 

Among the  d i f f e r e n t  test banks t h e r e  is  a wide range 
i n  s o i l  conten t  ( p a r t i c l e s  l e s s  than 2 mm. i n  diameter) 
a f t e r  10 t o  15 yea r s '  exposure ( t a b l e  1). I n  grouping t h e  
banks i t  was found t h a t  14 of them had s o i l  contents  of 40 
percent  o r  g r e a t e r :  

P e r c e n t  s o i  1 Number 
b y  w e i g h t  o f  t e s t s  

Bramble ( I )  has est imated t h a t  a s  l i t t l e  a s  20 per- 
cent  s o i l  content  is enough f o r  adequate su rv iva l .  On many 
banks, a zone of mater ia l  having a high s o i l  content  was 
observed j u s t  below the  su r f ace  and j u s t  above a l aye r  of 
l a r g e r  rocks about a foot  deep. This  s o i l  was formed by t h e  
weathering of t he  su r f ace  sha le .  The s h a l e  sur face  has a 
mulch-like e f f e c t  i n  r e t a i n i n g  moisture. 

Weathering of rock ma te r i a l  proceeds r ap id ly  f o r  the  
f i r s t  severa l  years,  then gradual ly  slows down. Through 
physical  d e t e r i o r a t i o n  and chemical decomposition, pre- 
dominantly sha l e  banks form s o i l  much more r ap id ly  than do 
sands tone banks. 

SOIL TEXTURE 

S o i l  t e x t u r e  a f f e c t s  t h e  ae ra t i on  and moisture condi- 
t i o n s  of t he  bank. S o i l s  of t h e  t e s t  banks a r e  r e l a t i v e l y  
f ine- tex tured .  Seventeen of t he  22 banks were e i t h e r  c lay  
loam o r  c l ay  ( t a b l e  1 ) .  These f ine- tex tured  s o i l s  were de- 
r ived  from e i t h e r  thin-bedded o r  thick-bedded b lue  o r  t an  
sha les .  

SOIL ACIDITY 

Acidity, o r  s o i l  react ion,  is  genera l ly  considered t o  
be one of t h e  most c r i t i c a l  f a c t o r s  i n  strip-mine fo re s t a -  
t ion .  The e f f e c t s  of a c i d i t y  upon t r e e  su rv iva l  and growth 
have not  been inves t iga ted  thoroughly, nor have t h e  t o l e r -  
ances of ind iv idua l  spec ies  been determined p rec i se ly .  The 
genera l  opinion is t h a t  extremely high and low acidity--be- 
low pH 4.0 and above pH 8.0--greatly l i m i t s  t h e  physiologi- 
c a l  a c t i v i t y  of t h e  t r e e s .  Within t he  broad range from pH 
4.0 t o  pH 8.0 a c i d i t y  seldom l i m i t s  t r e e  growth. 



Two banks of g l a c i a l  mater ia l  ( t e s t s  No. 18 and 19) 
were notably less ac id  than o the r  banks. The low a c i d i t y  on 
t e s t  No. 1 was due t o  heavy app l i ca t i ons  of limestone and 
f e r t i l i z e r  before  p lan t ing .  Nineteen banks;rated i n  a c i d i t y  
between pH 3.1 and pH 5.0: 

pH range 
R e l a t i v e  

a c i d i t y  
Number o f  
t e s t  a r e a s  

3.1-4.0 Very s t rongly  ac id  10  
4.1-5.0 Strongly ac id  9 
5.1-6.0 Mildly ac id  2 
6.1-7.0 Mildly ac id  t o  neu t r a l  1 

Of t h e  10  very s t rongly  ac id  areas, two were ex- 
tremely acid--pH values of  3.2 and 3.3. These banks, repre- 
s e n t a t i v e  of many a reas  observed around Clarion, Pa., pose a 
r e a l  problem i n  r e fo re s t a t i on .  Most spec ies  p lan ted  he re  
f a i l e d  completely. Those spec ies  t h a t  b e s t  survived on t h e  
bank wi th  a c i d i t y  of pH 3.2 were red  oak (29 percent),  Banks 
p ine  (25 and 1 percent  on two t e s t  blocks),  p i t c h  p ine  (23 
percent) ,  and red p ine  (21 percent) .  The o the r  e igh t  t e s t  
a reas  i n  t he  very s t rongly  ac id  category had s o i l  r eac t ions  
between pH 3.6 and 4.0; t r e e  su rv iva l  on these  was not 
near ly  so  poor. Thus, below p H  3.3 su rv iva l  was very poor, 
and above pH 3.6 a c i d i t y  was not  s o  s t rong ly  a l im i t i ng  
f a c t o r .  

The quest ion is o f t en  asked: Does a c i d i t y  decrease 
with t he  passage of time? When t h e  t e s t  p l an t ings  were es- 
tabl ished,  a c i d i t y  measurements were taken. On n ine  a r eas  
f o r  which we have comparable a c i d i t y  measurements, four  de- 
creased s l i g h t l y  i n  a c i d i t y  and f i v e  increased s l i g h t l y  i n  
a c i d i t y  over 10  years .  There was no marked decrease i n  
ac id i ty ,  a t  l e a s t  no t  over t h e  10-year period. 

ORGANIC CONTENT 
AND READILY AVAILABLE NUTRIENTS 

S o i l  samples from each t e s t  bank were analyzed f o r  
organic matter  and r ead i ly  ava i l ab l e -  n u t r i e n t s  by the  S o i l  
Test ing Laboratory a t  The Pennsylvania S t a t e  Universi ty.  

A wide range i n  organic content  was found, from 1.1 
t o  4.4 percent  ( t a b l e  1) .  Expressed i n  re ference  t o  nu t r i -  
en t  l e v e l s  f o r  a g r i c u l t u r a l  crops, t he  organic contents  a r e  
considered medium t o  high. Much of t h e  organic  matter  on 
strip-mined lands is  bel ieved t o  be  res idua l  p a r t i c l e s  of 
coa l .  

Nut r ien t  analyses show t h a t  t h e  strip-mine s o i l s  were 
genera l ly  very d e f i c i e n t  i n  phosphorous (P) when compared t o  



a g r i c u l t u r a l  s tandards.  Potassium (K) was more abundant on 
the  t e s t  banks than phosphorous: nine banks had medium t o  
high l e v e l s  by ag r i cu l tu ra l  s tandards.  

Survival and Growth 

The primary objec t ive  of t h i s  study was t o  determine 
the  survival ,  height,  and r e l a t i v e  vigor of each of the  16 
t r e e  spec ies  and 4 shrub spec ies  a f t e r  10 growing seasons a s  
a  guide f o r  f u t u r e  plant ings.  

Af ter  10 growing seasons, t he  surv iva l  of hardwood 
spec ies  was i n  general  higher  than t h a t  of the  coniferous 
species.  Black locust ,  red oak, green ash, and white ash 
had an average surv iva l  of 60 percent  o r  b e t t e r  ( t a b l e  2). 
The two spec ies  of ash exhib i ted  the  highest  surv iva l :  ash 
p lant ings  on most test banks f e l l  i n t o  the  "good" surv iva l  
category, indica t ing  61 t o  100 percent surv iva l .  

Tnble 2.--Survival on a l l  t es t  arena combined a f te r  10 growing seasons, 

by specie8 

~ e s t  pisntings with aurvivd-- 

Species Average 
survival 

Oood Adequate Unsatisfactory 
(61 - l-) (41 - 80%) (0 - 40%) 

Percent no. no. no. - - 
Hardwoods : 

Hybrid p o p l v  45 3 1 4 
Black locust 60 9 2 6 
Red oak 62 6 2 2 
Green wh 69 la  1 a 
m i t e  ash 65 10 1 a 
Black walnut 26 0 1 5 

Conifers: 
Japanese larch 42 2 7 7 
Banks pine 38 5 5 13 
Scotch pine 80 4 0 0 
Pitch pine 36 3 4 11 
Red pine 49 3 2 3 
Buropenu lurch 34 0 1 2 
m i t e  pine 39 4 3 B 
Douglaa-f is 24 1 3 8 
m i t e  spruce 29 0 a 4 
Ponderosu pine 16 0 0 7 

Bhrubs: 
Arrowwood 47 2 0 2 
~ a z e l u u t  30 0 2 2 
Silky dogwood 45 a 1 1 
Black chokeberry 66 3 0 1 



Table 3.--Height and dimmeter on al l  t e s t  ares8 combined a f t e r  

10 growing aeaeons, by species 

Height Diemeter a t  
hrenat height (d.b.h.) 

Species 
Test 

arena Average 

Bask 
Trees over diameter of 

average range 
2.0 inches t r ees  over 

d.b.h. 2.0 inches 
d.b.h. 

NO. - Feet Feet - percent Inchea - 
Hardwoods : 

Eybrid poplar 8 30.8 23-36 90 5.4 
Black locust 17 23.3 20-32 98 4.1 
Red oak 9 8.6 6-14 13 2.7 
Green ash 15 7.5 2-11 3 -- 
m i t e  adh 13 6.9 2-10 2 -- 
Black wnlnut 7 3.9 2 - 6  0 - 

Conif era  : 
Japanese larch 16 15.4 9-24 58 3.6 
Banks pine 23* 10.4 2-16 50 2.8 
Scotch pine 4 8.4 7-10 13 2.2 
p i t ch  pine 16* 8.2 5-11 44 2.8 
Red pine 8 7.0 5-11 30 2.5 
European larch 3 6.4 3-10 5 -- 
m i t e  pine 16 5.0 3- 8 8 - 
Douglas-f i r  10 4.0 2- 7 0 - 
m i t e  spruce 6 3.9 2 - 5  0 - 
Pondemsa pine 7 3.9 3- 6 0 -- 

Shrubs : 
Arromod 4 4.0 -- 0 - 
muelnut 4 3.7 -- 0 -- 
Silky dogwood 4 3.4 -- 0 -- 
Black chokeberry 4 3.0 -- 0 -- 

* ~ u p l i c a t e  planting6 made on several t e s t  areas. 

For t h e  coni fers ,  with t h e  exception of  Scotch pine, 
t h e  average su rv iva l  was l e s s  than 50 percent .  The l a r g e  
number of  p lan t ings  with unsa t i s f ac to ry  su rv iva l  of Banks 
and p i t c h  pine is bel ieved due p a r t l y  t o  e a r l y  mor t a l i t y  
from sawfly i n ju ry .  

Black locus t ,  red oak, green ash, white ash, Japanese 
larch,  Scotch pine, and red p ine  had more t e s t  p lan t ings  i n  
t he  ''good" and "adequateM su rv iva l  ca t ego r i e s  than i n  t he  
"poor" category.  

I n  t a b l e  3 the  spec ies  a r e  l i s t e d  i n  descending order  
according t o  t h e i r  height  a t  10  years .  Hybrid poplar  and 
black locus t  were outstanding among t h e  hardwoods; Japanese 
l a r ch  and Banks p ine  exceeded o the r  con i f e r s .  

There was l i t t l e  change i n  t h i s  r e l a t i v e  height  
s tanding from 5 years  t o  10 years .  Red oak and Scotch p ine  
were two exceptions.  Red oak has surpassed both spec ies  of 



ash during the pas t  5 years, while Scotch pine pulled ahead 
of European larch, red pine, and pi tch  pine. 

Three hardwood species and f i v e  conifer  species 
a t ta ined an annual height growth of 1 foot or  more during 
the second 5-year period: hybrid poplar (4.1 f e e t  per year), 
black locust  (2.3 fee t ) ,  red oak (1.2 fee t ) ,  Japanese larch 
(2.0 fee t ) ,  Banks pine (1 .4  f ee t ) ,  Scotch pine (1.3 fee t ) ,  
p i t ch  pine (1 .1  fee t ) ,  and red pine (1.0 foo t ) .  Figure 2 
shows average height and survival  a f t e r  10 growing Seasons 
f o r  a l l  t r e e  species.  
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Figure 2 .  --The average height and average survival  of 
the t ree  species t e s t e d ,  a f t e r  10 growing seasons. 



On t h e  b a s i s  of surv iva l  and height  measurements and 
from observat ions of vigor  and form, each spec ies  can be  
placed i n t o  one of t h r ee  ca t ego r i e s :  (1)  good development, 
(2)  f a i r  development, o r  (3) poor development. 

TREES RATED GOOD 

H y b r i d  P o p l a r  

I n  regard t o  rap id  growth, t he re  i s  no quest ion t h a t  
hybrid poplar is the  outstanding spec ies  t e s t ed  ( f i g .  3). 
I t s  average height  a t  10 years  was j u s t  under 31 fee t ,  and 
the  stems averaged 5.4 inches d.b.h. The l a r g e s t  t r e e  meas- 
ured, a 12-year-old, was 56 f e e t  t a l l  and 10.5 inches d.b.h. 

Poplar  t r e e s  a r e  o f t e n  suscep t ib l e  t o  a canker t h a t  
causes t he  stem t o  break apa r t .  This  condit ion was found on 
10 t o  40 percent  of t h e  t r e e s  on any one t e s t ,  bu t  usua l ly  
only one o r  two very small cankers were found on a t r e e  ( f i g .  
4 ) .  There were no ind i ca t ions  t h a t  stem breakage due t o  
canker would occur i n  t h e  near fu tu re .  

Figure 3.--Hybrid poplar was outstanding among the t r e e s  
t e s t e d .  At 11 years these hybrid poplars averaged 42  
f e e t  in  height .  Soinerset County. 



The hybrid poplar  was e s t ab l i shed  by using cu t t i ngs ,  
and i t  appears t h a t  adequate surv iva l  (over 40 percent)  can 
o f t en  b e  obtained by t h i s  method. On t h e  four  t e s t  a reas  
where su rv iva l  was unsa t i s f ac to ry  ( t a b l e  2), an access road 
on one t e s t  a r ea  destroyed many poplars  while on another 
t e s t  a r ea  extremely high a c i d i t y  may have been respons ib le  

Figure 4.--Stem cankers l ike  
t h i s  were found on some of 
the hybrid poplars, but they 
have not caused damage to  
the plantings. 

f o r  t h e  mor ta l i ty .  Hybrid poplars  were planted on p a r t s  of 
banks bel ieved t o  have a high s o i l  content--the rounded 
ends, o r  banks produced by t h e  f i r s t  s t r i p p i n g  cu t .  This 
p r a c t i c e  probably r e su l t ed  i n  higher  su rv iva l  and b e t t e r  
growth than i f  they had been planted on t h e  more rocky r idge  
tops.  

The form of t he  hybrid poplar  was excellent--very few 
t r e e s  had double stems. Although the  l i t t e r  and p l an t  vege- 
t a t i o n  developing under t h i s  spec i e s  was very sparse,  t h e  
dense, c losed canopy provided some degree of  e ros ion  con t ro l  
by p ro t ec t ing  the  s o i l  su r f ace  from t h e  impact of heavy 
r a i n s .  

D r .  Erns t  J. Schreiner,  g e n e t i c i s t  f o r  t he  Northeast- 
e rn  Fores t  Experiment S ta t ion ,  examined rooted c u t t i n g s  of 
these poplars  and v i s i t e d  two t e s t  p lan t ings .  According t o  
him, t h i s  hybrid i s  a male clone--the parentage being e i t h e r  
Popu lus maximowiczii x  P o p u  lus t r i c h o c a r p a  o r  P. max i m o w i c -  
zii x P. 'B e r o I i n e n s i s J .  



B l a c k  L o c u s t  

Because of i ts  a b i l i t y  t o  surv ive  and grow on ex- 
tremely adverse s i t e s ,  black locus t  has been used widely f o r  
r e fo re s t a t i on  of degraded lands and strip-mines. The lo-year 
measurements ( t a b l e s  2 and 3) ind ica ted  t h a t  t he  l ocus t  was 
continuing t o  grow well  on most t e s t  a reas  ( f i g .  5), though 
on a few the re  was evidence of dec l in ing  vigor  and increas-  
ing borer  a c t i v i t y  ( f i g .  6) .  

The form of t h e  l ocus t  was f a i r  t o  poor. Between 
one-half and three-quarters  of t h e  t r e e s  on any one t e s t  
a rea  had mul t ip le  stems, branching out  c lo se  t o  t h e  ground 
( f i g .  5 ) .  Only very shor t ,  small  pos t  mater ia l  could be  c u t  
from these  l ocus t  t r e e s  a t  t h i s  time. 

well on most t e s t  areas.  'sy 
This planting i n  C l e a r f i e l d  

Notice the large number o f  
multiple stems. 

Figure 6.--Locust w i th  se- 
vere borer damage. General- 
l y  the locust t r e e s  have 
good t o  excel lent  v igor ,  and 
are not breaking up because 
of borer a c t i v i t y .  



Figure 7 .  --Red oak has grown 
very  wel l  on the mine banks. 
This stand on a c lay  bank 
wi th  high s o i l  content, in 
But ler  County, was 14 feet  
t a l l  a t  1 2  years.  

The g r e a t e s t  va lue  of black locus t  apparently lies i n  
i t s  e f f e c t  on the  s o i l ,  r a the r  than i n  i ts  commercial use- 
fulness.  Chapman and Lane ( 4 ) ,  discuss ing  the  e f f e c t s  of  
l o c u s t  on the  he ight  growth of  i n t e rp l an ted  hardwoods i n  o ld  
f i e l d s  i n  t h e  Cent ra l  S t a t e s ,  declared t h a t  " . . . i f  locus t  
has no o t h e r  value than t o  improve the  s i t e  and s t imu la t e  
t he  growth of assoc ia ted  hardwoods, t he  c o s t  of its plant ing  
is  f u l l y  ju s t i f i ed . "  

On bituminous strip-mined lands i n  Pennsylvania, 
black locus t ,  a f t e r  10 growing seasons, has formed a dense, 
p r o t e c t i v e  canopy. L i t t e r  1 t o  2 inches deep covered the  
su r f ace  under l ocus t  blocks on a l l  p lan t ings .  A luxur iant  
growth of  herbs and grasses  (blackberry, pokeweed, t h i s t l e s ,  
e lderberry,  timothy, and bluegrass)  was invar iab ly  present .  
Natura l ly  e s t ab l i shed  seedl ings  of hickory, maple, oak, and 
cherry were commonly found under l ocus t .  Because of  i t s  
cons i s t en t ly  good surv iva l  and growth, together  with the  ex- 
c e l l e n t  ground cover and s o i l  improvement i t  br ings  about, 
b lack  l o c u s t  is recommended p a r t i c u l a r l y  on s t eepe r  s lopes  
and on banks t h a t  have low s o i l  content .  

R e d  O a k  

This spec ies  has  been used i n  many commercial plant-  
ings on strip-mines i n  Pennsylvania. Its high su rv iva l  and 
good height  growth appear t o  j u s t i f y  continued use  ( f i g .  7 ) .  
Average su rv iva l  was 62 percent  ( t a b l e  2) .  The two plant-  
ings  wi th  unsa t i s f ac to ry  su rv iva l  had s o i l  a c i d i t i e s  of pH 
3.2 and 3 . 7 .  There was almost no l i t t e r  o r  ground vegeta- 
t i o n  present  under red oak p lant ings .  



A comparison of t he  he ight  and su rv iva l  of  t h i s  spe- 
c i e s  on banks with f ine-textured and coarse-textured s o i l s  
was made. On s i x  banks with an average s i l t  p lus  c lay  con- 
t e n t  of 77 percent,  the  10-year height  of red  oak. was 10.9 
f e e t  and su rv iva l  was 68 percent .  On s i x  banks wi th  re la -  
t i v e l y  coarse-textured s o i l s  (51  percent  s i l t  p lus  c lay) ,  
the  red  oak was 7.4 f e e t  i n  height  with 57 percent  su rv iva l .  
This  i nd i ca t e s  t h a t  s o i l  t e x t u r e  may have an e f f e c t  upon 
growth and su rv iva l  of t h i s  spec ies .  S tudies  i n  t h e  Central  
S t a t e s  i nd i ca t e  t h a t  growth and su rv iva l  of most spec ies  a r e  
u sua l ly  b e t t e r  on f ine-textured s o i l s  ( 5 )  . 

Height da t a  f o r  red oak were examined t o  s e e  i f  
b e t t e r  growth was obtained on t h e  lower s lopes  than on t h e  
upper s lopes .  On s i x  p lan t ings  with d i s t i n c t  s l ope  pos i t i ons  
t h e  t r e e s  on the  lower s lope  averaged 11.2 f e e t  i n  t o t a l  
height  while  those on the  upper por t ion  averaged only 8.8 
f e e t .  Because of t h i s  good growth and su rv iva l  on b e t t e r  
s i t e s  wi th in  a strip-mine bank, red oak is recommended f o r  
p l an t ings  on the  lower s lopes  and she l t e r ed  coves. These 
p a r t s  of  t he  bank f requent ly  have a higher s o i l  content  and 
b e t t e r  moisture r e l a t i o n s .  

J a p a n e s e  L a r c h  

This spec ies  has done very well  on many of t he  t e s t  
p lan t ings  ( f i g .  8) ;  and, a f t e r  10 years,  i t  is t h e  t a l l e s t  
spec ies  among the  con i f e r s  t e s t ed  ( t a b l e  3). Over one-half 
t h e  stems a r e  more than 2.0 inches d.b.h., and of these t h e  
average diameter is 3.6 inches.  This  i nd i ca t e s  t h a t  many of  
t he se  l a r ch  p lan t ings  a r e  approaching the  s i z e  a t  which some 
t r e e s  can be  u t i l i z e d  f o r  small products--posts o r  cordwood. 
The average su rv iva l  was 42 percent  ( t a b l e  2), adequate b u t  
considerably lower than t h a t  of most hardwoods. Seven t e s t  
a reas  had unsa t i s f ac to ry  su rv iva l .  With Japanese larch, low 
su rv iva l  was p a r t i a l l y  o f f s e t  by the  l a r g e  s i z e  t h e  t r e e s  
a t t a ined  and the  rap id  development and c lo su re  of t h e  crown. 
On severa l  a reas  wi th  unsa t i s f ac to ry  surv iva l ,  l a r ch  seemed 
t o  be  f u l l y  occupying the  p l an t ing  area.  

Japanese l a r ch  was except iona l ly  vigorous and appear- 
ed t o  be  e n t i r e l y  f r e e  from i n s e c t s  and d iseases .  A uniform 
l aye r  of l i t t e r ,  4 t o  1 inch thick,  was found under most 
p lan t ings .  This augments t he  cover value of t h i s  spec ies .  

S t r i k i n g  d i f f e r ences  were observed i n  t he  growth re- 
sponse of Japanese l a r ch  on graded and ungraded banks. 
( "~ raded"  banks a r e  coa l  s t r i p p i n g s  t h a t  have been worked 
over  with bul ldozers  t o  approximately t h e  o r i g i n a l  contours 
of t he  land.) On s i x  graded banks t he  height  a t  10 years  
averaged 12.3 f e e t  while on s i x  ungraded banks t he  average 



Figure 8 .  -Japanese 
has performed very 
l h i s  planting i s  25 
t a l l  a t  12  years. 

larch 
toell. 

f e e t  

was 20.8 f e e t .  Though t h i s  d i f ference  may not be a t t r ibu ted  
t o  grading alone, there  appears t o  be some d i f f e r e n t i a l  
performance by t h i s  species on graded and ungraded banks. 

A comparison of height growth by slope posit ion indi- 
ca tes  tha t  Japanese larch made about equal growth on upper 
and lower slopes a l ike .  This would indicate  t h a t  s a t i s -  
fac tory  plantings of t h i s  species can be made on port ions of 
banks which a r e  not su i t ab le  f o r  o ther  species. 

With larch, pa r t i cu la r  ca re  should be used t o  obtain 
good planting stock and t o  handle i t  properly. Several t e s t  
areas had t o  be replanted. Fai lure  was a t t r ibu ted  t o  the 
seedlings breaking winter dormancy before they were planted. 

Because of the excellent  growth, the  f a i r  cover value 
of the l i t t e r ,  and the poss ib i l i ty  f o r  u t i l i z a t i o n ,  i t  i s  
strongly recommended tha t  increased use be made of Japanese 
larch f o r  strip-mine plantings i n  t h i s  region. 

B a n k s  P i n e  

Banks pine, commonly cal led  jack pine, has been wide- 
l y  used f o r  strip-mine planting i n  the Central S ta tes  and i n  
Pennsylvania. On these t e s t  plantings i ts  growth and sur- 
v ival  were extremely variable.  Average heights ranged from 
2 to  16 f e e t  ( t a b l e  3). Average survival  was from 0 to  84 
percent. 

Banks pine has the capacity f o r  excellent  growth on 
mine s t r ippings  ( f i g .  9) .  Unfortunately, t h i s  capacity is 



Figure 9.--Banks pine a l s o  grew we1 1 on coa l - s t r ipped  
lands. These pines were 14 fee t  t a l l  a t  1 2  years .  

seldom expressed because d e f o l i a t i o n  by t h e  p ine  sawfly 
e i t h e r  reduces t he  vigor  o r  k i l l s  t h e  young t r ee s .  Thi r teen  
t e s t  a reas  had su rv iva l  below 40 percent,  and mor t a l i t y  on 
f i v e  t e s t  a reas  can b e  a t t r i b u t e d  e n t i r e l y  t o  sawfly de- 
f o l i a t i o n .  Excluding t e s t s  wi th  t h i s  d e f o l i a t i o n  mor t a l i t y  
br ings  t he  o v e r a l l  su rv iva l  up from 38 t o  44 percent .  Unless 
con t ro l  measures a r e  contemplated, Banks p ine  should not  be  
planted i n  l o c a l i t i e s  known t o  have high populat ions of t h i s  
i n sec t .  

Banks p ine  provides r e l a t i v e l y  good cover f o r  t h e  
s o i l  su r f ace  wi th  an abundant l aye r  of pinestraw 1 t o  2 
inches deep. And i t  has very dense crowns. The year-around 
green f o l i a g e  of t h i s  and o the r  pines g ives  a  p leasant  ap- 
pearance t o  t h e  landscape--an important a e s t h e t i c  by-product 
of strip-mine r e fo re s t a t i on .  

Invariably,  heavy crops of cones were observed on 
Banks pine.  On 10 t e s t  areas,  seedl ings  of t h i s  spec ies  had 
become e s t ab l i shed  n a t u r a l l y .  Most were j u s t  1 year  o l d ;  
bu t  on a  few a reas  2- and +year seedl ings  were found ( f i g .  
10) .  



Figure 10. --Banks pine has 
produced natural seedlings 
on 10 t e s t  areas. Parents 
of t h i s  seedling are 1 2  
years o ld .  

S c o t c h  P i n e  

This spec i e s  was tes t -p lan ted  on only four  banks b u t  
appears t o  be  a very promising t r e e .  The range i n  he ights  
from 7 t o  10  f e e t  ( t a b l e  3) ind i ca t e s  t h a t  i ts performance 
was r e l i a b l e  on seve ra l  a reas .  The o v e r a l l  su rv iva l  of 80 
percent  was t he  b e s t  su rv iva l  among t h e  con i f e r s .  Both 
vigor  and form of Scotch p ine  were good, although on one 
a r ea  many stems were deformed by in sec t  damage, poss ib ly  by 
the  European p ine  shoot moth. 

Af te r  10 growing seasons Scotch p ine  was s t i l l  open- 
grown on these  t e s t  a reas .  Because t h e  canopy had not 
closed, l i t t l e  pro tec t ion  was given t o  the  s o i l  su r f ace  and 
needle l i t t e r  w a s  not  nearly s o  abundant as under Banks and 
p i t c h  pine. 

Fur ther  evaluat ion should be  made before  ex tens ive  
use  is  made of Scotch p ine  i n  la rge-sca le  p l an t ings  on 
strip-mine lands. This  spec ies  could wel l  have a prominent 
r o l e  i n  s t r ip-mine fo re s t a t i on .  

TREES RATED FAIR 

The spec ies  discussed i n  t h i s  section--green ash, 
white  ash, p i t c h  pine, red pine, and white pine--are not  
considered a s  well-sui ted f o r  s t r ip-mine p lan t ings  a s  those 
s i x  spec ies  discussed above because of one o r  more unfavor- 
ab l e  c h a r a c t e r i s t i c s .  These spec i e s  could be  regarded a s  



border - l ine  cases i n  s tr ip-mine forestation--sometimes they 
do well  and a t  o the r  times they perform poorly. 

G r e e n  ash.--In s p i t e  of good surv iva l ,  green ash has 
been r a t h e r  d isappoin t ing  i n  the  10-year measurements. I t s  
average he ight  growth has f a l l e n  wel l  behind t h a t  of severa l  
o t h e r  hardwoods. The l e s s  vigorous t r e e s  of t h i s  spec ies  
were found t o  have moderate t o  heavy i n f e s t a t i o n s  of oys te r -  
s h e l l  s c a l e .  Leaf aphids were observed i n  varying inten-  
s i t i e s .  Serious damage by recent  a t t acks  of t he  17-year 
c icada  (Magicicada septendecim ( L . ) )  was done t o  green and 
white ash i n  Centre and C lea r f i e ld  Counties ( f i g .  1 1 ) .  

The form of green ash was var iab le .  There was s t rong  

Figure 11. - -At tacks  by the  
17-year cicada have damaged 
ash plant ings  i n  Centre and 
C l e a r f i e l d  Counties.  

Figure 12. --Green ash plant-  
ed on s t eep  s lopes  had a 
tendency t o  produce double 
stems. Note the  ' p i s t o l  bu t t '  
form. 



Figure 13. --An abundant s e t  
of seed on a green ash I 1  
years o ld  in Somerset County. 

Figure 14.--A vigorous stand 
of white ash in Somerset 
County, 1 2  feet t a l l  a t  10 

tendency f o r  t he se  t r e e s  t o  develop double stems, par t icu-  
l a r l y  when p lan ted  on s t e e p  s lopes  ( f i g .  12) .  This  spec i e s  
provides very l i t t l e  p ro t ec t ion  t o  t h e  su r f ace ;  l i t t e r  de- 
pos i t i on  is minimal. I t  is in te res - t ing  t o  note  t ha t ,  on 
seven t e s t  areas,  seeds were present  on seve ra l  of t h e  
l a r g e r  green ash ( f i g .  13) ; however, no n a t u r a l l y  estab-  
l i s h e d  seed l ings  were found. 

The p r i n c i p a l  reason. f o r  r a t i n g  green ash a s  f a i r  was 
i t s  genera l ly  poor height  growth and i t s  very low cover val- 
ue. This  spec i e s  d id  b e t t e r  on lower s lopes  than on the  
upper s lopes  and tops.  On f i v e  ungraded banks t he  average 
he ights  were 11.5, 8.4, and 7.6 f e e t  on the  lower ha l f  slope, 
upper .half  slope, and r i dge  top, respec t ive ly .  



Whi te ash .--The appra isa l  f o r  white ash is about t h e  
same as t h a t  f o r  green ash. Extreme va r i a t ions  i n  height  
and vigor seemed t o  be  the  r u l e  with both spec ies  ( f i g .  1 4 ) .  
Since o the r  hardwood spec ies  are capable of much b e t t e r  
performance, white and green ash a r e  not highly recommended. 
If  these spec ies  a r e  t o  be planted, they should be r e s t r i c t -  
ed t o  t h e  super ior  s i t e s  on a bank. 

P i t c h  p i n e  .--This coni fer  has not been s a t i s f a c t o r y  
i n  the t e s t  p lant ings .  Survival  w a s  low--the average, 36 
percent.  A s  i n  t he  case of Banks pine, the  p ine  sawfly ac- 
counted f o r  much of t he  mor ta l i ty  of p i t c h  pine. The per- 
formance of t h i s  spec ies  on an extremely acid bank was good 
enough t o  ind ica t e  t h a t  p i t c h  p ine  can t o l e r a t e  high acidi ty.  

One f e a t u r e  t h a t  does not commend p i t c h  p ine  f o r  
strip-mine p lant ing  i s  i ts form. On severa l  of t he  t e s t s ,  
10 t o  20 percent of t he  t r e e s  were s tunted,  p ros t r a t e ,  o r  
extremely bushy. This  appears t o  be  c h a r a c t e r i s t i c  of  p i t c h  
pine when planted on areas  severely exposed t o  wind. Or ig in  
of the  p lant ing  stock i s  a l so  bel ieved t o  .be p a r t i a l l y  re-  
sponsible f o r  t he  poor form of p i t c h  pine.  

Abundant pine l i t t e r  was observed i n  the  a rea  d i r ec t -  
l y  under the  crown. Canopies had not  closed completely on 
any t e s t  p lant ings .  About one-half of t he  t r e e s  measured 
had mature cones, and na tu ra l ly  es tab l i shed  1- and 2-year 
seedlings were found on three  areas.  

Figure 15.--A red pine de- 
formed by pine shoot moth, 
i n  a p lant ing in  Clarion 
County. Note the bushy ap- 
pearance and the lack of  a 
dominant leader.  



Figure 16.--Where not a t -  
tacked by the pine shoot 
moth, red pine survived we1 1 
and grew w e l l .  % i s  stand 
i n  Beaver County averaged 
11 feet  ta l  L at  10 years.  

Red pine.--Red pine is not recommended f o r  strip-mine 
p lan t ings  i n  a reas  of Pennsylvania t h a t  have a high inc i -  
dence of p ine  shoot moth. This  i n sec t  des t roys  the  terminal 
and l a t e r a l  buds, causing dense t u f t s  of needles  t o  form. 
Stunted, bushy t r e e s  o f t en  a r e  t h e  r e s u l t  of p ine  shoot moth 
in ju ry  ( f i g .  15) . 

Survival  of red  p ine  was high f o r  conifers--almost 50 
percent .  When not  molested by the  p ine  shoot moth, exce l l en t  
growth and form can be, achieved by t h i s  spec ies  ( f i g .  16). 
L i t t e r  accumulation and s o i l  su r f ace  pro tec t ion  were f a i r  
f o r  t h i s  spec ies .  Crown c losu re  had not occurred on many 
t e s t  p l an t ings  a t  10 years .  

Success of red  pine depends t o  a g rea t  ex ten t  upon 
the  incidence of p ine  shoot moth. Local experience with 
t h i s  spec ies  and with t he  p ine  shoot moth should guide 
p l an t e r s  i n  deciding whether o r  not t o  use t h i s  spec ies  i n  
strip-mine f o r e s t a t i o n .  

White pine .--After 10  years, t h i s  spec ies  averaged 
between 3 and 8 f e e t  i n  he ight  on these t e s t  plant ings,  with 
an average su rv iva l  of  39 percent .  For white pine, t h i s  is 
poor growth. Eleven of the  16 t e s t  p lan t ings  had se r ious  
white-pine weevil i n f e s t a t i o n .  On these t e s t s ,  about 40 
percent  of t he  t r e e s  had t h e  top foo t  o r  two of t h e  leader  
damaged o r  k i l l e d  by the white-pine weevil. On exposed 
r idge  tops white  p ine  was much l e s s  vigorous than o the r  
pines ( f i g .  17) .  I f  t h i s  spec ies  is t o  be  planted, i t  should 
be r e s t r i c t e d  t o  she l t e r ed  a reas  and lower s lopes  of banks 
i n  l o c a l i t i e s  wi th  a low incidence of white-pine weevil.  



Figure 17.--White pine per- 
formed poorly. On t h i s  ex- 
posed bank top i n  Centre 

ib' 
, County the white pine (cen- 

9- - 
' * *  ' 

t e r  row) showed low vigor. 
y 3. * ,  

9 .  
Compare the white pine wi th  '. . * 

s the vigorous Scotch pine i n  b.,* ' 
cr,: 2 kWI.".-.*. - 4  

; the outer  rows. 
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TREES RATED POOR 

The f i v e  spec ies  i n  t h i s  category: European larch,  
Douglas-fir, ponderosa pine, white  spruce, and b lack  walnut 
d i d  not  have su rv iva l  and growth s u f f i c i e n t  t o  j u s t i f y  t h e i r  
use  i n  strip-mine p lant ings  i n  t h i s  region.  

E u r o p e a n  l a r c h  .--Both form and vigor of t h i s  spec ies  
were considered poor t o  very poor on a l l  t h ree  t e s t  plant-  
ings.  A t  l e a s t  one-half of t he  t r e e s  were p r o s t r a t e  and had 
no dominant l eade r  developing ( f i g .  18) .  

% 

._ - . --. 
Figure 18.--In both form and 
vigor,  European larch made a 

- *  - -  
poor shwing .  Note Lack o f  

%tcLs-  leader. Mercer County. 



Figure 19. --Black walnut, $* .- 
*. 

t r i e d  i n  mixtures wi th  black ' * 
locust ,  was badly suppressed. 

Douglas-fir.--Growth r a t e ,  surv iva l ,  and cover va lue  
were too low t o  warrant use  of t h i s  spec ies .  

Whi t e  spruce .--Growth and su rv iva l  were poor on near- 
l y  a l l  o f  t h e  t e s t  p l an t ings  t h a t  included white spruce. 
Cover va lue  is extremely low. 

Ponderosa pine.--A d r y - s i t e  spec i e s  i n  t he  western 
United S t a t e s ,  ponderosa p ine  had unsa t i s f ac to ry  su rv iva l  
and poor he ight  growth on a l l  seven test p lan t ings .  

Black walnut.--All seven t e s t  p l an t ings  t h a t  included 
black walnut were al ternate-row mixtures with black locus t .  
The surv iva l ,  which was unsa t i s f ac to ry  i n  a l l  bu t  one t e s t ,  
and t h e  poor he ight  growth demonstrate t he  e f f e c t  of severe 
suppression by t h e  locus t  ( f i g .  19). 

These t e s t s  c l e a r l y  showed t h a t  t h e  growth of black 
walnut was extremely poor i n  an al ternate-row mixture of 
walnut and locus t  when no attempt was made t o  favor  t he  wal- 
nu t  by removing p a r t  o f  t h e  l ocus t .  

SHRUB PLANTINGS 

Four spec i e s  o f  shrubs capable of producing w i l d l i f e  
food and cover were planted on four  t e s t  a reas .  A t  10 years ,  
t h e  he igh t s  of these  shrubs averaged between 3 and 4 f e e t  
( t a b l e  31, which is about normal development f o r  these  spe- 
c i e s .  



Figure 20. --Among the shrubs, 
the black chokeberry survived 
very w e l l .  This one d i sp lays  
a medium t o  heavy y i e l d  o f  
f r u i t .  Faye t t e  County. 

Black chokeberry surv ived  very w e l l  ( f i g .  20); arrow- 
wood and s i l k y  dogwood both had good su rv iva l  except on t h e  
one extremely ac id  bank where they f a i l e d  completely; hazel- 
nu t  su rv iva l  was only f a i r  t o  poor. F r u i t  product ion on 
arrow-wood was es t imated  a s  medium t o  heavy; on s i l k y  dog- 
wood f r u i t i n g  was medium; and on b lack  chokeberry i t  was 
considered l i g h t  t o  medium a t  t h e  time of eva lua t ion .  Hazel- 
nut  u sua l l y  had a few nu t s  on each bush. 

There were i n d i c a t i o n s  t h a t  strip-mined lands  a r e  
heav i ly  used by r abb i t ,  woodchuck, small  b i rd s ,  and deer .  
Small patches of w i l d l i f e  shrubs on t h e  bank i t s e l f  o r  i n  
s t r i p s  on t h e  t o e  of t h e  bank ad jacen t  t o  f i e l d s  would pro- 

Figure 21.  --This two-row 
planting o f  shrubs provides 
food and cover for small 
game. Note Japanese larch 
i n  background. J e f f e r s o n  
County. 



vide  a ready source of food and cover f o r  small  game ( f i g .  
21) .  Such a mixture would be f e a s i b l e  i n  a cons t ruc t i ve  
p lan t ing  program. 

MIXED TREE PLANTINGS 

Black l ocus t  o f t e n  se rves  t o  s t imu la t e  t he  growth of 
o the r  i n t e rp l an t ed  hardwoods i n  open-f ield p lan t ings  ( 4 ) .  A 
s i m i l a r  e f f e c t  on s t r ip-mine p l an t i ngs  has been reported by 
Limstrom (5)  f o r  hardwoods i n  mixture with locus t ,  which be- 
came very decadent.  He presented d a t a  showing t h a t ,  a f t e r  
12 years,  most hardwoods p lan ted  under t he  decadent l ocus t  
were two t o  t h r ee  times t a l l e r  than t he  same spec ies  planted 
on o l d  f i e l d s  without l ocus t .  

But on t he  Pennsylvania t e s t  areas ,  where t he  l ocus t  
has maintained i ts vigor ,  such a mixture may not  produce t he  
same r e s u l t s .  A s  Limstrom says:  

The ch ie f  d i f f i c u l t y  stems from the  f a c t  t h a t  
black l ocus t  o f t e n  grows much f a s t e r  on s t r i p -  
mined land than i t  does on o l d  f i e l d s ,  s o  t h a t  i t  
soon overtops t he  assoc ia ted  spec ies .  Therefore 
competition between b lack  l ocus t  and assoc ia ted  
spec ies  f o r  l i g h t  and moisture i n  mixed s tands  may 
become c r i t i c a l  a t  a much e a r l i e r  age on s t r i p -  
mined land than on some o l d  f i e l d s .  

Two t e s t  p l an t i ngs  gave some ind i ca t i on  of t he  re- 
sponse of ash when p lan ted  with l ocus t .  I n  an alternate-row, 
simultaneous p l an t i ng  of equal numbers of ash and locus t ,  
t he  ash on t he  borders  of t he  block occas iona l ly  were not  
overtopped. These i nd iv idua l s  provided an es t imate  of t he  
response of ash t h a t  were ab l e  t o  u t i l i z e  t he  improved s o i l  
bu t  were f r e e  from crown in t e r f e r ence .  A t  11 years,  the  ash 
t h a t  were f r e e  to grow were 11 and 14 f e e t  t a l l  ( t a b l e  4 ) .  
Completely overtopped ash were about 4 f e e t  t a l l .  The aver- 

Table 4.--Height of green and white Ssh after  11 years when planted 

i n  mixtures with black locust and Banks pine 

Height of green and white ash 

I tern 
Completely Part ial ly  Free 

overtopped overtopped to  grow 

Feet - Feet - Feet - 
Green ash-black locust mixture 3.9 -- 14.0 

White ash-Banks pine- 
black locust mixture 4 .5  6 .7  11.1 



Figure 23. - - In  t h i s  mixed 
planting, i n  Butler County, 
the locust limbs have whip- 
ped the Japanese larch, 
k i  1 l ing i t s  terminal. 

Figure 22. --In mixed plant- 
i n g ~  o f  ash and locust ,  ash 
did well where it was free 
t o  grow. But t h i s  ash, lean- 
ing away from the locust 
crown, was badly suppressed, 
and of poor form. Beaver 
County . 

age height  of ash on a l l  t e s t  a reas  combined was about 7 
f e e t .  

Ash, when mixed with locus t  and f r e e  t o  grow, ap- 
peared t o  a t t a i n  about twice the  height  as  when i t  was 
planted without l ocus t .  But only about 10 percent  of t h e  
ash were ab le  t o  break through the  l ocus t  canopy, and these  
were poorly formed and badly bent  ( f i g .  22) . 

There were no t e s t  p lan t ings  of a  locust-conifer  mix- 
ture ,  but  observat ions ind ica ted  t h a t  such a  mixture would 
not  be f ea s ib l e .  Conifers  a r e  much l e s s  ab l e  t o  compete with 
the  locus t  than a r e  t he  ash. For example, a  row of  Scotch 
p ine  planted next  t o  locus t  averaged only 5.5 f e e t  i n  height  
and had about 35 percent  dead t r ee s .  Other rows f a r t h e r  away 



averaged 8.8 f e e t  and contained only about 5 percent dead 
pines.  Locust e x e r t s  a detr imental  e f f e c t  on nearby con i f e r s  
by whipping t h e  tender terminals  and by severe shading ( f i g .  
23). 

I t  is too soon t o  eva lua te  t he  mixed locust-ash 
p lant ings  f i n a l l y .  A t  present  t h i s  mixture cannot be recom- 
mended a s  a means of improving the  growth of ash on these 
s tr ip-mine banks. The locus t  10 t o  12 years  a f t e r  p lant ing  
were not  showing s igns  of decadence; most in terp lanted  ash 
were shaded and surpressed.  Because they have been supressed 
s o  long, i t  is  quest ionable t h a t  t he  ash would now respond 
favorably t o  re lease .  Then too, t he  death o r  c u t t i n g  of t he  
locus t  might produce a vigorous th i cke t  of l ocus t  sprouts  I 

t h a t  would compete with the  ash. l 
Our t e s t  p lant ings  d id  not include mixtures i n  which 1 

t he  locus t  component was reduced to, say, 25 percent of t he  
t o t a l  number of t r e e s  i n  the  block. Nor d id  any of these  
t e s t s  cons i s t  of underplanting ash a f t e r  the  locus t  became 
es tabl i shed .  These techniques have been successful  i n  t h e  
Cent ra l  S t a t e s  ( 5 ) .  

I 
Unt i l  t he  unce r t a in t i e s  of mixed locus t  p lant ings  on 

Pennsylvania strip-mine banks a r e  resolved, black locus t  
should be regarded a s  a spec ies  t h a t  improves the  s i t e  f o r  
na tu ra l  invasion of hardwoods r a the r  than a s  a nurse spec ies  
f o r  i n t e rp l an ted  hardwoods. 

Relationships 
between Bank Characteristics 
and Tree Survival and Growth 

An outstanding f ea tu re  of t h i s  study i s  the  g rea t  
va r i a t ion  i n  t r e e  surv iva l  and growth from one strip-mine 
bank t o  another. Tables 5 and 6 i n  t he  Appendix show t h i s  
v a r i a t i o n  among t e s t  areas.  

Why do these  d i f ferences  e x i s t ?  Tree response on 
str ip-mines is an extreme1 y complex phenomena, influenced by ~ 
many f a c t o r s  and in t e r r e l a t ionsh ips .  Although t h i s  study 
was not  designed t o  determine the  r e l a t ionsh ips  between the  
many poss ib l e  f a c t o r s  and t r e e  response, i t  appears t h a t  
c e r t a i n  bank cha rac t e r i s t i c s - - so i l  content,  s lope  posi t ion,  
and acidity--have some d i sce rn ib l e  influence on t r e e  sur- 
v iva l  and growth. 



SOIL CONTENT 

S o i l  content  probably has an e f f e c t  upon surv iva l  and 
growth. A wide range i n  s o i l  contents ,  from 24 t o  76 per- 
cent,  was found on these  t e s t  p lan t ings .  The mine banks 
f a l l  conveniently i n t o  t h r ee  so i l -content  ca tegor ies :  (1)  
low, 20 t o  40 percent ;  (2)  medium, 41 t o  60 percent ;  and (3)  
high, 61 t o  80 percent .  

Survival  and height  d a t a  f o r  each bank, by species ,  
have been grouped i n t o  one of these  so i l -content  ca tegor ies  
( t a b l e  7).  Red oak, green and white ash, p i t c h  pine, and 
white p ine  had higher  su rv iva l  and height  on banks with high 
s o i l  content  than on those with low s o i l  content .  Red p ine  
and Banks p ine  had t a l l e r  t r e e s  on banks with high s o i l  
content .  On the  o t h e r  hand, Japanese l a r ch  and black locus t  
d id  not  exh ib i t  b e t t e r  growth on banks with high amounts of 
s o i l .  

Though these  d i f f e r ences  f o r  some spec ies  a r e  not  
very l a r g e  and could be  due p a r t l y  t o  f a c t o r s  o t h e r  than 
s o i l  content ,  t he re  is a rough t rend  f o r  b e t t e r  su rv iva l  and 
growth on s t r i p  mines with high s o i l  content  than with low 
s o i l  content .  Important exceptions t o  t h i s  t rend  a r e  black 
locus t  and Japanese l a r ch .  

SLOPE POSITION 

The growth of d i f f e r e n t  spec ies  on various s lope  po- 
s i t i o n s  i nd i ca t e s  a somewhat s i m i l a r  t rend t o  t h a t  observed 
with s o i l  conten t .  A s  shown i n  t a b l e  8, almost a l l  the  spe- 
c i e s  made b e t t e r  height  growth on the  lower ha l f  s lope  than 
on the  r i dge  top. The notab le  exceptions were Japanese 
la rch ,  black locus t ,  and hybrid poplar .  I t  is reasonable t o  
be l i eve  t h a t  lower s lopes  would have higher s o i l  contents  
because s o i l  p a r t i c l e s  washed down would accumulate there .  
This p a r t l y  accounts f o r  t h e  t i e - i n  with so i l -content  r e l a -  
t ionships .  Also, i t  is l i k e l y  t h a t  t h e  b e t t e r  growth on 
lower s lopes  is due i n  p a r t  t o  t h e  b e n e f i c i a l  e f f e c t s  of a 
more she l t e r ed  cl imate.  

ACIDITY 

A s  mentioned previously, the  adverse e f f e c t s  of acid- 
i t y  upon su rv iva l  appeared a t  o r  below a pH of about 3.3. 
The su rv iva l  and height  of d i f f e r e n t  spec ies  on banks with 
a c i d i t i e s  of pH 3.2 and 3.3 ( t e s t s  No. 6 and 7 )  a r e  given i n  
t a b l e s  5 and 6. P i t c h  pine, red pine, and Banks p ine  were 
t he  only con i f e r s  t h a t  survived a t  a l l  we l l ;  red oak was t h e  
s o l e  hardwood survivor .  The 10-year height  growth of p i t c h  



pine, Banks pine, and red oak on those extremely acid banks 
was g r e a t e r  than the  average he ight  of these  spec ies  f o r  a l l  
banks combined. This  could i n d i c a t e  t h a t  t h e  p r inc ipa l  ef-  
f e c t s  of high a c i d i t y  a r e  upon t r e e  surv iva l  r a t h e r  than 1 
growth. 

Summarv 

During t h e  summer of  1958, surv iva l  and growth of 
t r e e  and shrub spec i e s  were determined on 22 research plant-  
i n g ~  on strip-mined lands i n  t h e  bituminous region of Penn- 
sylvania.  These experimental p lan t ings  were es tab l i shed  
during the  period 1946 t o  1949 t o  determine t h e  spec ies  t h a t  
a r e  b e s t  adapted t o  these adverse s i t e s .  

Hybrid poplar, black locust ,  red oak, Japanese larch,  
and Banks p ine  exhib i ted  t he  b e s t  su rv iva l  and growth. 
Scotch p ine  has performed very well ,  bu t  it has not  been 
widely t e s t ed .  Red oak has performed well bu t  should be  1 
r e s t r i c t e d  t o  t he  lower s lopes  and protected coves within a 
bank. Banks p ine  should not  b e  planted i n  l o c a l i t i e s  where 
t he  pine sawfly is ac t ive ,  un less  cont ro l  measures a r e  plan- 
ned. 

Green ash, white ash, p i t c h  pine, red pine, and white I 
pine  were more v a r i a b l e  and do not appear well s u i t e d  f o r  
p lan t ing  on strip-mined lands. The p ines  a r e  suscep t ib l e  t o  
damage by c e r t a i n  i n s e c t s  and should not  be planted i n  
l o c a l i t i e s  with high incidence of  these  pes t s .  Both green 
and white ash have been severely i n f e s t ed  with oys t e r she l l  
sca le ,  which ma te r i a l l y  reduces t h e i r  vigor .  

European 1 arch, Douglas-f ir, white spruce, Ponderosa 
pine, and black walnut have shown poor growth and surv iva l  
on these  t e s t  p lan t ings  and a r e  not  recommended f o r  s t r i p -  
mine p lan t ing .  

Good su rv iva l  and normal development of chokeberry, 
arrow-wood, s i l k y  dogwood, and hazelnut i n  these t e s t s  indi- 
c a t e  t h a t  successfu l  p lan t ings  of these shrubs can be made 
on strip-mine banks. Patches o r  s t r i p s  of these  spec ies  
provide food and cover f o r  small  game and a i d  i n  holding the  
s o i l .  
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Appendix 

STRIP-MINE BANK TYPES 

B a n k  type I .--The sur f  ace l aye r  is composed predom- 
inan t ly  of ma te r i a l s  from thin-bedded carbonaceous ( s l a t y )  
sha l e s  wi th  high p y r i t e  content,  uniform dark gray color ,  
very s t rongly  acid (pH 2.5 t o  3.5), very loose  consistency, 
and slow r a t e  of weathering. 

B a n k  type 11.--The sur face  l aye r  is composed predom- 
inan t ly  of ma te r i a l s  from s o f t ,  thick-bedded shales ,  common- 
l y  assoc ia ted  with l e s s e r  amounts of sandstone and thin-  
bedded carbonaceous sha l e s  t h a t  do not have a high p y r i t e  
content .  The su r f ace  mater ia l  has a yellow t o  brown color ,  
s t rong  t o  moderately acid (usua l ly  pH 4.0 t o  5.5 with sca t -  
t e red  s t rongly  ac id  spo t s  as  low a s  pH 2.5), compact con- 
s i s tency ,  and f a i r l y  rap id  r a t e  of weathering. 

B a n k  type 111.--The su r f ace  l aye r  is composed mainly 
of sand and sandstone fragments with l e s s e r  amounts of 
shale ,  l i g h t  yellow t o  rus ty  brown color ,  s t rongly  acid (pH 
4.0), loose consistency, and slow r a t e  of weathering. 

B a n k  type IV.--The su r f ace  l aye r  is composed predomi- 
nant ly  of g l a c i a l  till, pa l e  yellow i n  color ,  moderately 
ac id  (pH 4.5 t o  5.0) t o  a lka l ine  (pH 8), very loose cons is t -  
ency when moist ;  becomes hard on su r f ace  when dry.  Consid- 
e r ab l e  f i n e  mater ia l  present  a t  time of s t r i pp ing .  

SCIENTIFIC NAMES USED IN THIS REPORT 

H a r d w o o d s  

...... Hybrid poplar P o p u l u s  mazimowiczii x P. 
t ri c h o c a r p a  or P. maximowi cz i i 
x P. 'Berolinensis' 

Black locus t  ....... R o b i n i a  p s e u d o a c a c i a  
Red oak ............ Q u e r c u s  r u b r a  
Green ash .......... F r a x i n u s  p e n n s y l v a n i c a  
White ash .......... F. a m e r i c a n a  
Black walnut ....... J u g l a n s  n i g r a  

C o n i f e r s  

..... Japanese l a r ch  L a r i x  j a p o n i c a  
Banks p ine  ......... P i n u s  banksiana 



Scotch p ine  ........ P. s y l v e s t r i s  
P i t c h  p ine  ......... P. r i g i d a  ........... Red p ine  P.  r e s i n o s a  
White pine ......... P. s  t  r o  bus  ..... European l a r ch  L a r i x  d e c i d u a  

........ Douglas-fir P s e u d o t s u g a  m e n z i e s i i  
White spruce ....... P i c e a  g l a u c a  
Ponderosa p ine  ..... P i n u s  p o n d e r o s a  

S h r u b s  

Black chokeberry ... P y r u s  me1 a n o c a r p a  
Arrow-wood ......... V i b u r n u m  d e n t a t  urn ...... Si lky  dogwood C o r n u s  o b l i q u a  
Hazelnut ........... C o r y  1 u s  ame r i  cana  

H e r b s  a n d  G r a s s e s  

Pokeberry .......... P h y t o l a c c a  a m e r i c a n a  
T h i s t l e  ............ C i r s i u m  v u l g a r e  
Elderberry ......... Sambucus pubens  

. B 1 ackberry ......... RU bu s spp  
Timothy ............ Phleum p r a t e n s e  
Bluegrass .......... Poa s p p .  

S c i e n t i f i c  names f o r  t r e e  spec ies  a r e  from L i t t l e ,  
E lbe r t  L., Jr., Check list of n a t i v e  and na tu ra l i zed  t r e e s  
of t he  United S t a t e s  ( inc luding  Alaska) ; U. S. Dept. Agr. 
Handbook 41, 1953, except f o r  L a r i x  j a p o n i c a  and hybrid 
poplar.  S c i e n t i f i c  names f o r  shrubs, herbs, and grasses  a r e  
from Gray's Manual of Botany, 8 t h  ed i t i on .  



Table 5.--Survival and height of hardwood species on t e s t  areas a f t e r  10 growing seasons 

* ~ r e e s  cut before 10-year measurement. ** 
Alternate-row mixture with black locust. 

*** 
No survival count taken because exact boundary of planting wuld  not be relocated. 5-year survival for  green ash on No. 17 and 

No. 18 was 29 and 90 percent respectively. 

+ ~ e v e l l e d  sf t e r  planting. 
++Planting destroyed by re-stripping. 

Per- Feet Per- Per- Fee t per- Feet - Feet - Per- - Feet - 7 

Per- - Feet - - 7 - 
cent - cent - cent - cent - cent - cent - 

1 -- -- 25 22.5 93 12 .O 82 8.6 91 9.1 -- -- 
2 77 --* 25 26.1 -- -- 91 3.7 80 --* 18 2.2 

3 -- -- 83 28.3 -- -- 81 6.8 78** 5.8 -- -- 
4 -- -- 93 22.1 79 10.5 63** 5.5 74 6.4 -- -- 
5 -- -- 73 20.2 -- -- 57 2.6 62 6.1 -- -- 
6 0 5 8.3 29 13.8 4 5.6 0 -- -- 0 -- 
7 -- -- -- -- -- -- -- -- -- -- -- -- 
8 14 33.2 -- -- -- -- -- - -- -- -- -- 
9 2 1 30.0 -- 51 9.4 -- -- -- -- -- -- -- 

10 -- -- 94 21.4 -- -- 61 10.9 ++ -- -- -- 
11 -- -- 64 26.8 -- -- 91 7.8 91 4.5 -- -- 
12 79 27.8 46 23.4 ++ -- 82 6.2 ++ -- -- -- 
13 + -- 90 23.8 32 6.9 -- -- 12t 5.0 30 5.7 
14 90 35.8 20 22.2 -- -- 74 7.2 73 7.3 40 3.7 

15 20 23.0 86 23.1 73 9.3 83 7.7 72 9.1 35 3.8 
16 -- -- 85 22.1 55 9.0 -- -- -- 15 4.2 -- 
17 -- -- 2 8 21.4 -- -- *** 7.5 -- -- -- -- 
18 -- -- 86 24.1 -- -- *** -- -- 8.8 -- 
19 -- -- 24 31.7 62 5.9 78 11.8 68 8.8 -- 
20 44 33.2 60 20.7 -- -- 77 9.8 55 10.1 45 
21 -- -- 24 27.2 41 6.3 84 7.9 80 6.1 -- 
22 -- -- -- -- 100 8.5 -- -- -- -- -- -- 

Black 
walnut 

Test 
No. 

Survival 

m i t e  
ash 

Height Survival Height 

Hybrid 
poplar 

Green 
ash 

- 

Survival 

Black 
locust 

Survival 

Red 
oak 

Height Survival Height Survival Height Height 



h 

Table 6.--Survival and height of coniferous species on test areas after 10 growing seasons 

(continued) 

Per- - Feet - Feet Per- - - Feet Per- - - Feet Per- - - Per- - Feet - 
cent - cent - cent - cent - cent - 

1 60 12.1 46 11.6 -- -- 59 9.2 -- -- 
2 41 10.0 36* 7.3 -- -- 28 4.3 -- -- 
3 -- -- 84 12.6 84 10.1 90 8.9 61 11.4 
4 29 12.6 53 12.8 -- -- 63 10.7 36 8.0 
5 -- -- -- 9.9 77 6.8 -- 5.4 -- 8.3 
6 4 14.4 1 13.8 -- -- 23 9.7 21 5.2 

25 9.8 
7 -- -- 29 11.4 -- -- -- -- -- -- 
a 52 ai.5 -- -- -- -- 29 9.2 -- -- 
9 80 17.3 32 10.7 -- -- 25 9.5 -- -- 
10 -- 39 10.7 ++ -- -- -- ++ -- -- 
11 -- -- 72 12.5 75 8.4 71 8.2 96 5.7 
12 56 17.5 33 12.0 -- -- ++ -- ++ -- 
13 30 11.9 4* 1.8 -- - 27 5.5 13 5.9 
14 26 15.2 5* 7.1 -- -- 15 5.4 -- -- 
15 72 24.3 56 15.7 -- -- 37 11.4 51 5.8 

69 12.1 
16 41 18.4 O* -- -- -- 11 5.8 51 5.4 
17 -- -- -- -- -- -- -- -- -- 8.3 
18 -- -- -- -- -- -- -- -- -- 7.0 
19 47 20.0 42 12.4 -- -- 48 10.0 62 7.5 

53 7.2 
20 33 2a.i 5* 5.7 -- -- 10 8.0 -- -- 
21 59 8.7 64 7.8 -- -- 47 7.6 -- -- 

74 5.4 
22 27 12.5 26 9.5 -- -- 28 8.1 -- -- 

Test 
No. 

Red 
pine 

Survival 

Pitch 
pine 

Height Survival Height 

Scotch 
pine 

Japanese 
larch 

- 
Banks 
pine 

Survival Survival Survival Height Height Eeight 



Table 6.--(continued) 

* 
Heavy d e f o l i a t i o n  by pine sawfly p a r t l y  responsible  f o r  low surv iva l  and poor height .  

** 
Cut be fore  10-year measurement. 

"planting destroyed by re-s tr ipping.  

Test  
NO. 

NOTE: On Tes t s  No. 5, 17, and 18, no surv iva l  count was made a t  10 years  because exact  boundary of plant-  
ing w u l d  not be relocated.  On Test  No. 5, 5-year su rv iva l  f o r  t h e  Banks, p i t ch ,  red, and white pines was 13, 19, 
41, 18 percent respect ively.  On Test  No. 17, 5-year su rv iva l  of p i t c h  pine was 54 percent. On Test  No. 18, 5-year 
su rv iva l  of Scotch pine and European l a rch  was 80 and 30 percent respec t ive ly .  

Per- - 
I 

Feet - Per- - Feet - Per- - - ~ e e t  Per- - Feet Per- - Pee t - - 
c e n t  - cent  - cen t  - cent  cen t  - - 

1 62 6 .8  -- -- -- -- -- -- -- -- 
2 49 3.2 -- -- 43 2.4 -- -- 2 1 3.0 
3 55 5.8 28 6.3 -- -- 25 2.8 -- -- 
4 -- -- -- -- -- -- -- -- -- -- 
5 -- 3.5 22 3.4 -- -- 0 -- -- -- 
6 13  5.9 -- -- 3 4.6 -- -- 4 3.2 
7 38 7.2 -- -- -- -- 4 ** -- -- 
8 -- -- -- -- -- -- -- -- -- -- 
9 90 7.0 -- -- -- -- -- -- -- -- 

10 -- -- 16 9.9 -- -- ++ -- -- -- 
11 38 3.3 59 7.3 -- -- 29 3.5 -- -- 
12 -- -- -- -- -- -- -- ++ 19 5.7 
13  12 4.0 -- -- -- -- 7 2.5 -- -- 
14 69 4.3 -- -- 64 3.6 -- -- 34 3.1 
15 2 1 6.9 -- -- 49 7.0 60 4.5 24 4.3 
16 7 3.7 -- -- 45 3.8 47 4.2 -- -- 
17 -- -- -- -- -- -- -- -- -- -- 
18 -- -- -- -- -- -- -- -- -- 4.3 
19 15 3.6 -- -- 11 4.1  -- -- 8 3.9 
20 2 3.1 -- -- 0 -- -- -- 0 -- 
2 1 85 4.8 -- -- -- -- -- -- -- -.. 
22 47 6.1 -- -- -- -- -- -- -- -- 

White 
p i n e  

Survival  Height 

European 
l a r c h  

Survival  

Douglas- 
f i r  

White 
spruce 

Height Survival  Survival  

Ponderosa 
p ine  

Height Height Survival  Height 



and high s o i l  content 

Low s o i l  content Medium s o i l  content High s o i l  content 
(20 - 408) (41 - 60%) (61 - 80%) 

Basis: 8 b a s  Basis: 8 banks Basis: 6 banks 
Species 

Survival Height Survival Height Survival Height 

Percent Feet - - Percent Feet - - Percent Feet - - 
Hybrid poplar 62 31.7 17 28.1 -- -- 
Black locust  59 23.2 59 25.2 63 23.7 
Red oak 53 9.2 52 7.1 91 10.3 
Green ash 79 7.6 76 7.5 84 7.9 
White ash 73 7.3 70 7.5 82 7.8 
Japanese larch 46 16.8 52 17.3 39 12.4 
Banks pine* 42 10.6 55 10.0 52 11.6 
Scotch pine 75 8.4 75 6 .8  80 8.6 
P i t ch  pine 27 6.9 35 8.4 60 9.0 
Red pine 74 5.6 42 6.9 48 9.7 
White pine 42 4.1 34 5.0 55 6.2 
European larch 38 8.6 22 3.4 28 5.3 
D O U ~ ~ ~ S - f i r  38 2.4 30 5.6 -- -- 
White spruce 38 3.8 34 3.5 25 2.8 
Ponderosa pine 18 3.0 16 4 .1  -- -- 

* ~ l a n t i n g s  with n o r t a l i t y  a t t r ibu ted  t o  pine sawfly a re  not included. Hence, 
survival  here is higher than ove ra l l  average survival .  

Table 8.--10-year heights, by species, on lower Slopes, 

upper slopes, and ridge-tops 

I species  I ~ o w e r  Upper Ridge 

I I I 

.Feet - Feet - Feet - 
Hybrid poplar 31.2 27.6 34.4 
Black locust  23.9 24.3 23.6 
Red oak 9.5 7.3 7 .8  
Green ash 9.8 7.7 6.0 
White ash 9.1 6.7 5.4 
Japanese larch 14.1 17.5 15.8 
Banks pine 11.8 10.1 9.7 
Scotch pine 9.6 8.6 8.8 
P i t ch  pine 9.1 8.6 7.5 
Red pine 7.9 7.2 7.2 
White pine 6.1 5.2 4.4 
European larch 10.7 6.3 4.5 
Douglas-fir 5.4 5.1 3.3 
White spruce 4.5 3.4 3.8 
Ponderosa pine 4.2 5.0 3.4 




