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Abstract 
F a b r i c a t e d s o i l (FS) i s a m i x t u r e o f s u b s t r a t e s 

c o n t a i n i n g b a l a n c e d a m o u n t s o f c a r b o n , n i t r o g e n , 

p h o s p h o r u s , p o t a s s i u m a n d m i n e r a l e l e m e n t s t h a t 

s u p p o r t p l a n t g r o w t h . I n o u r e x p e r i m e n t s , w e u s e F S 

f o r t h e r e h a b i l i t a t i o n o f l a n d f r o m m i n i n g s o i l 

p o l l u t a n t s . C h a r a c t e r i s t i c s o f f a b r i c a t e d s o i l w e r e 

d e t e r m i n e d i n c l u d i n g m e a s u r e m e n t s o f N , P , K; o t h e r 

n u t r i t i v e e l e m e n t s i n c l u d i n g M g , Ca , S , a n d Fe; a n d 

m i c r o - e l e m e n t s a n d t o x i c e l e m e n t s i n c l u d i n g M n , Z n , 

A l , N i , a n d Pb. A l s o , m i c r o b i a l a c t i v i t y o f t h e s o i l w a s 

t e s t e d t o d e t e r m i n e f u n g a l a n d b a c t e r i a l p r e s e n c e . 

A f t e r i n v e s t i g a t i n g t h e s e s o i l c h a r a c t e r i s t i c s , w e u s e d 

a f o u r - c r o p tes t t o i n v e s t i g a t e f a b r i c a t e d s o i l s a n d 

re la ted s u b s t r a t e s f o r b i o l o g i c a l a c t i v i t y . S o i l h e a l t h 

i n c l u d e s a b a l a n c e o f m i n e r a l a n d o r g a n i c e l e m e n t s 

a n d h e a l t h y m i c r o b i a l a c t i v i t y . T h e s e c h a r a c t e r i s t i c s 

p l a y t h e k e y r o l e i n t h e s o i l ' s a b i l i t y t o s u p p o r t t h e 

g r o w t h o f h i g h e r p l a n t s w h i c h c o m p l e t e t h e 

r e g e n e r a t i v e p r o c e s s o f s o i l c y c l i n g . H e a l t h y s o i l s 

p r o v i d e m a t e r i a l s f o r f o o d , e n e r g y , a n d s h e l t e r . 

H e a l t h y s o i l s are c r u c i a l t o a l l b i o l o g i c a l , g e o l o g i c a l , 

a n d w a t e r c y c l e s . 

Introduction 
T h e present s tudy is a con t inua t ion of research at the 

Cen te r of Restora t ion of B io log ica l Cyc les w h i c h is 

located in Jenn ings Env i ronmen ta l Educa t ion Center , 

S l i p p e r y Rock , PA . A t t he C e n t e r , m i n i n g s i te 

res tora t ion is the focus for in tegra t ive s tud ies of 

regenera t ion o f wa te r and soi l cyc les as we l l as she l ter 

cons t ruc t ion . As part of the s tudy of soi l res torat ion in 

mine d a m a g e d areas , nat ive soi l prof i les w e r e s tud ied 

for Wes te rn Pennsy l van ia G r e s h a m Soi l (Kefel i e t al., 

2006 ) . Soi ls w e r e then fabr i ca ted a n d o b s e r v e d for 

qual i t ies necessa ry to restore m ine d a m a g e d a reas . 

Nat ive and fabr i ca ted soi ls w e r e ana l yzed for minera l 

a n d o rgan ic con ten t a n d microb ia l act iv i ty. T h e four 

c rop test w a s d o n e to de te rm ine the abi l i ty o f the 

va r ious soi ls to suppor t p lant g row th . 

T h e abi l i ty for soi ls to suppor t life d e p e n d s on the 

avai labi l i ty o f nutr i t ive mac ro - and m ic ro -e lemen ts and 

a lso on pro tec t ion f rom toxic e l emen ts . T h e p resence 

of fung i and bac te r ia is an ind icator of soi l hea l th . 

T h e s e o r g a n i s m s p lay i m p o r t a n t ro les i n t he 

susta inab i l i ty o f soi ls and the soi l 's re la t ionsh ip w i th the 

p lants i t suppor ts . Prev ious w o r k by Kefel i et al. (2006) 

a n a l y z e d soi l for m ic rob ia l act iv i ty a n d e l e m e n t a l 

concen t ra t i ons . T h e s e s tud ies c o m p a r e d fabr i ca ted , 

forest , a n d min ing soi l s a m p l e s . In add i t ion , these 

s tud ies revea led c h a n g e s over the cou rse o f f ive years 

in levels of nutr i t ive e l e m e n t s in fabr i ca ted soi ls . 

K e y w o r d s : Fabr i ca ted so i l , fou r -c rop test 
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BIOLOGICAL CYCLES RESTORATION 

Figure 1. The Center of Restoration of Biological Cycles restores soil, water, and shelter cycles. 

Materials and methods 
F o u r c r o p t e s t 

First we d e t e r m i n e d the mos t appropr ia te vesse l cho ice 

for our expe r imen t w i th a p re l im inary expe r imen t u s i n g 

Koch d ishes , Petr i d i shes , a n d f lasks. The Koch d i shes 

had near ly 100 % germ ina t ion rate. We d id the four 

c rop test in bo th Koch d ishes a n d Petri d i shes . A c i rc le 

of f i l ter paper w a s p laced in the b o t t o m of each d ish . 

On top o f the paper a S t y r o f o a m c ross w a s p laced to 

d iv ide the four var ie t ies of seeds . So i l w a s p laced in the 

d i shes . Each con ta iner rece ived 20 ml o f s ink wa te r 

w h i c h m e a s u r e d a pH of 6.55. O n e var ie ty o f s e e d w a s 

p laced in e a c h q u a d r a n t o f the d ishes . We u s e d turn ip , 

le t tuce, rye, a n d c lover to de te rm ine the abi l i ty of the 

soi ls to suppor t p lant g r o w t h . T h e soi ls w e r e forest so i l , 

r e s t o r e d so i l f r o m the D e S a l e r es to ra t i on s i te , 

fabr i ca ted soi l f rom the Jenn ings restorat ion s i te, a n d 

min ing soi l . Af ter o n e w e e k , the f ive longest shoo ts o f 

each s e e d var ie ty w e r e m e a s u r e d and a v e r a g e d . A 

p e r c e n t a g e w a s d e t e r m i n e d b a s e d on the g row th o f the 

seed l ings on the fores t so i l . 

O b s e r v a t i o n s 

T h e seed l i ngs in the Koch d i shes had near ly 100 % 

ge rm ina t i on . The Pet r i d i shes dr ied out , dec reas ing 

ge rm ina t ion a n d g r o w t h . H o w e v e r , the min ing soi l in 

the Petr i d ish rema ined w e t a n d g r e w mo ld . The 

s e e d l i n g s g r e w s u c c e s s f u l l y i n t he K o c h d i s h e s . 

C o m p a r e d to the fores t soi ls as cont ro ls , the seed l ing 

g rowth in the o ther so i ls va r i ed f rom 76 % to 114 %. 

T h e excep t ion to th is is the min ing soil w h i c h had a pH 

o f 4 .3 , s ign i f icant ly lower than the o ther s a m p l e s w h i c h 

av e r aged 6.7. T h e g rowth rates in the min ing soi l 

r anged f rom 13 % to 40 % c o m p a r e d w i th the cont ro l 

ave rages . 
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Figure 2. Forest Soil 2cc7 , Chestnut Project. 
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Figure 3. De Sale 2cc7 
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Figure 4. Fabricated Soil 2007. 
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Table 1. Comparative growth of turnip, lettuce, rye, and clover in various soils in Koch dishes. Numbers represent average length 

of shoots in centimeters. Percentages are measured from the average of the forest soils as 100 %. 

F O U R - C R O P T E S T I N K O C H D I S H E S 

S A M P L E S p H C R O P S 

Turn ip Let tuce Rye C lover 

1 . Fores t Soi l pH 6.5 5.2 4.1 8.1 4 .7 

Ches tnu t Pro ject O n e 

2. Fores t Soi l pH 6.4 4.6 3.5 7.9 4 

Ches tnu t Pro ject T w o 

A v g . F o r e s t S o i l 4.9 = 100 % 3.8 = 100 % 8.0 = 100 % 4.4 = 100 % 

3. De Sa le Front (%) pH 6.6 5 3.1 8.9 4 .3 

102 98 111 97 

4. De Sa le Right (%) pH 6.7 4.6 3.3 7.6 5 

9 4 8 7 95 114 

5 . FS S e e d Plot pH 6.8 4.2 3 8.2 3.6 

Ches tnu t Pro ject (%) 

86 79 102 82 

6. FS T rees plot (%) pH 6.8 4.9 2.9 7.3 4 .5 

100 76 91 102 

7. De Sa le Mn (%) pH 6.7 4.8 3 7.4 4 .8 

98 79 93 109 

8. Min ing Soi l (%) pH 4.3 1.9 0.5 2.7 1.8 

39 13 3 4 40 

Results 
T h e min ing soi l con ta ins less n i t rogen in c o m p a r i s o n 

w i th the fabr ica ted soi l . T h e Phospho rus level w a s four 

t imes less in the min ing soi l than in the fabr i ca ted soi l 

(FS) . Po tass ium level w a s s imi lar . Min ing soi l con ta ins 

m u c h less Ca a n d Mg than FS . 

T h e d y n a m i c s o f c h a n g e o f these e l e m e n t s s h o w s 

that FS , in f ive yea rs , lost part of its Phospho rus pool 

a n d Ca poo l . The level o f K r e m a i n e d a lmos t the s a m e . 

At the s a m e t ime, min ing soil a lso lost part of its Ca , K, 

M n , a n d P. 

T h e m ic rob ia l ana ly t i cs s h o w that m in ing soi l 

con ta ins fewer m ic robes than FS . The min ing soi l 

con ta ins on ly four t ypes o f m ic robes wh i le the FS has 

ten spec ies . The microb ia l coun t for FS is 76 -82 x 1 0 A 6 

Coun t Fung i Uni ts ( C F U ) / g r a m . Min ing soi l has on ly 

3 ,600 C F U / g r a m , s ign i f icant ly fewer than in the FS . 

Min ing soi l has most ly un ident i f ied ac t i nomyce tes . No 

ac t i nomyce tes w e r e f ound in FS . FS is a lso r icher in 

m ic roo rgan i sms than fores t so i l . 

T h e expe r imen t for b io log ica l act iv i ty, the four c rop 

test, s h o w s that min ing soi l is tox ic for c rops . I t has 

lower pH than o ther t ypes o f so i l . T h u s FS not on ly 

c rea tes a new landscape rehabi l i ta t ion s y s t e m , but also 

i m p r o v e s the pa t t e rn o f m ine ra l e l e m e n t s , 

m ic roe lemen ts , and microb ia l c o m m u n i t y . In add i t ion , 

fab r i ca ted soi l c rea tes a bet ter m e d i u m for p lant 

p ropaga t i on . 
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T h e e lemen ta l ana lys is s h o w s that dur ing the f ive yea rs 

p resence of FS on min ing soi l , the level of nutr i t ive 

e l e m e n t s c h a n g e d . T h e a m o u n t o f P d e c r e a s e d f ive 

t imes . Mg d e c r e a s e d three t imes . C o p p e r d e c r e a s e d 

two t imes . Co a n d Zn d e c r e a s e d by twen ty t imes . Th is 

may be c o n n e c t e d w i th the act iv i ty o f t rees g row ing on 

FS . In f ive years , FS great ly d e c r e a s e d in nutr i t ive 

e l emen ts , requi r ing addi t iona l nut r ients . 

Conclusions 
T h e s imp le four -c rop test is one s tep in the p rocess of 

d i s c o v e r i n g w a y s to res to re so i l s . I t c l ea r l y 

d e m o n s t r a t e s the infer ior i ty of m in ing soi l for g row th of 

p lants . T h e pH is obv ious ly the mos t inhib i t ing factor for 

p lant g r o w t h . In add i t ion , the lack of o rgan ic mater ia l 

a n d the lack o f microb ia l act iv i ty d e c r e a s e the soi l 's 

heal th a n d abi l i ty to suppor t life on all levels. T h e 

fabr i ca ted soi ls act as a t empo ra ry m e a s u r e to g r o w 

p lant mater ia ls . However , the d e c r e a s e in nutr i t ive 

e l e m e n t s r evea l s t he n e e d for c o n t i n u o u s so i l 

r ehab i l i t a t i on a n d a s u s t a i n a b l e s y s t e m for 

regenera t ing nutr i t ive e l emen ts and o rgan ic mater ia ls . 

Pe rhaps the most s ign i f icant resul ts of these s tud ies is 

the genera t ion o f ques t ions . For e x a m p l e , w h a t c a u s e s 

the d e c r e a s e in m a n y e lemen ts , a n d how can these 

e l e m e n t s be sus ta ined w i thou t non- loca l inputs? 
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