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A B S T R A C T  

Alt h o u g h fr e q u e ntl y o v erl o o k e d or o mitt e d, e c os yst e m s er vi c es pr o vi d e a n 

e n vir o n m e nt f or t h e s ur vi v al of lif e o n e art h, i n cl u di n g h u m a ns. S oil is a criti c al 

c o m p art m e nt f or e c os yst e m s er vi c es c o m p os e d of s oli ds, g ass es, w at er, a n d mi cr o a n d 

m a cr o fl or a a n d f a u n a. S oil f u n cti o ns i n cl u d e w at er h ol di n g c a p a cit y, n utri e nt h ol di n g 

a n d c y cli n g, s u p p ort f or mi cr o bi al lif e, c ar b o n c a pt ur e, a n d ot h er m a n y ot h er u ns e e n 

b e n efits. Wit hi n s o ci et y a m ai n us e of s oil is a gri c ult ur e f or gr o wt h of f o o d, fi b er, a n d 

ot h er n e c essiti es f or ci vili z ati o n. A gri c ult ur al pr a cti c es c a n c o nsist of diff er e nt 

t e c h ni q u es, t w o c o m m o n c at e g ori es ar e c o n v e nti o n al a n d c o ns er v ati o n m et h o ds. 

C o n v e nti o n al till a g e utili z es t ur ni n g of t h e s oil t o pr e p ar e t h e s e e d b e d a n d r e m o v e 

u n w a nt e d pl a nts. I n c o ns er v ati o n m et h o ds t h e us e of n o till a g e or r e d u c e till a g e is us e d, 

w h er e t h e s oil is mi ni m all y dist ur b e d, a n d t h e s e e ds ar e i ns ert e d i nt o s m all slits or 

o p e ni n gs.  A g gr essi v e till a g e c a n aff e ct s oil e c os yst e m f u n cti o n a n d li mit t h e q u alit y of 

s oil h e alt h b y d e cr e asi n g p or osit y, r e d u ci n g mi cr o bi al pr o c ess es, a n d i n cr e asi n g er osi o n.  

S e v e n f ar m fi el ds i n Tr u m b ull C o u nt y, O H, w er e s a m p l e d t o i n v esti g at e t h e 

c o n n e cti o n b et w e e n a gri c ult ur al m et h o d a n d s oil q u alit y c h ar a ct eristi cs t h at c o ntri b ut e t o 

o v er all s oil h e alt h a n d pr o d u cti vit y.  C o m p osit e s oil s a m pl es c o nsisti n g of 2. 5 c m s oil 

c or es s e p ar at e d i nt o t o p 1 5 c m l a y er  a n d b ott o m l a y er  w er e e v al u at e d f or or g a ni c m att er, 

b ul k d e nsit y, s oil t e xt ur e, pl a nt a v ail a bl e p h os p h or us, p H, t ot al nitr o g e n, s ali nit y, a n d 

p er c e nt p or osit y usi n g st a n d ar d m et h o ds. T h e d at a c o m p os e d of 3 2 s a m pl es, wit h 1 6 

s a m pl es fr o m t h e t o p l a y er a n d 1 6 fr o m t h e b ott o m l a y er. T h e fi el ds w er e r a n k e d o n e t o 

f o ur, wit h a r a n ki n g of o n e i n di c ati n g c o n v e nti o n al m et h o ds t o r a n ki n g of f o ur wit h t h e 

hi g h est a m o u nt of c o ns er v ati o n pr a cti c es a p pli e d.  St atisti c al a n al ys es i n cl u d e d d es cri pti v e 
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st atisti cs, m e a n c o m p aris o n,  o n e -w a y A N O V A, Pri n ci p al C o m p o n e nt A n al ysis, a n d 

b a c k w ar ds li n e ar r e gr essi o ns usi n g S P S S st atisti c al t o ol.    

T h er e w er e f e w cl e ar st atisti c al diff er e n c es b et w e e n s oil pr o p erti es a n d t h e 

diff er e nt fi el ds fr o m t his e x pl or at or y pr oj e ct.  S ali nit y st o o d o ut as t h e m ost s i g nifi c a nt 

diff er e n c es wit h t h e s ali nit y d e cr e asi n g as m or e c o ns er v ati o n m et h o ds w er e us e d i n t h e 

fi el d. L o w er s ali nit y c a n pr o m ot e b ett er pl a nt pr o d u cti vit y i n a v ari et y of cr o ps a n d 

i n cr e as e t h e a v ail a bilit y of n utri e nts wit hi n s oil. Pri n ci p al c o m p o n e nt a n al ys es ( P C A) 

all o w d at a t o b e vis u ali z e d t o i d e ntif y tr e n ds or cl ust ers.  P C A s h o w e d  t h e t o p 1 5 c m 

of  hi g h er r a n k e d s oils (t hr e e a n d f o ur) cl ust er e d t o g et h er wit h hi g h er n utri e nt 

c o n c e ntr ati o ns as c o m p ar e d t o l o w er r a n k e d s oils.  B a c k w ar d r e gr essi o n w as us e d t o 

d et er mi n e w hi c h p ar a m et ers h a d t h e gr e at est i nfl u e n c e o n s oil n utri e nt l e v els. T h e 

r a n k w as a si g nifi c a nt i n di c at or of t ot al nitr o g e n al o n g wit h s oil or g a ni c m att er, p H, a n d 

s ali nit y w h er e as pl a nt a v ail a bl e p h os p h or us w as o nl y d et er mi n e d b y p H a n d s o il or g a ni c 

m att er.  It is r e c o m m e n d e d t o c o nti n u e a n n u al s e as o n al s a m pli n g of t h es e fi el ds t o f urt h er 

d e v el o p t h e r el ati o ns hi p b et w e e n s oil p ar a m et ers a n d a gri c ult ur al m et h o ds.  I nsi g ht i nt o 

t his r el ati o ns hi p a n d t h e h u m a n i m p a cts t o s oil will ai d i n b ett er d e cisi o n m a ki n g  a n d l a n d 

m a n a g e m e nt.   
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C h a pt e r 1 I nt r o d u cti o n  

I n t o d a y’s s o ci et y t h er e ar e m a n y f a ct ors t h at c o m e i nt o pl a y w h e n pr o d u ci n g 

f o o d. Wit hi n t h es e f a ct ors a m aj or e n vir o n m e nt al c o n c er n m a y aris e. T h er e ar e m a n y  

a gri c ult ur al pr o c ess es  or  t e c h ni q u es t h at ar e  us e d t o pr o d u c e  a hi g h cr o p yi el d. T w o 

diff er e nt m et h o ds  c o m m o nl y us e d ar e c o n v e nti o n al till a g e of fi el ds, a n d o n t h e o p p osit e 

e n d, n o till a g e of t h e fi el ds.  C o n v e nti o n al till a g e utili z es t ur ni n g of t h e s oil t o pr e p ar e t h e 

s e e d b e d a n d r e m o v e u n w a nt e d pl a nts. I n n o till a g e or r e d u c e till a g e m et h o ds t h e s oil is 

n ot dist ur b e d, a n d t h e s e e ds ar e i ns ert e d i nt o s m all sl its or o p e ni n gs.  

C o n v e nti o n al till a g e h as b e e n c o m m o nl y us e d t hr o u g h o ut m o d er n hist or y a n d 

t hr o u g h o ut t h e i n d ustri al r e v ol uti o n. Alt h o u g h f ar m ers m a y h a v e us e d c o ns er v ati o n al or 

s e mi -c o ns er v ati o n al t e c h ni q u es pri or t o w h at w e k n o w as c o n v e nti o n al a gri c ult ur e, t h os e 

t e c h ni q u es h a v e l ar g el y b e e n s et asi d e a n d f or g ott e n. Wit hi n c o n v e nti o n al a gri c ult ur e t h e 

pr o c ess of till a g e, c o nsisti n g of dist ur bi n g a n d t ur ni n g t h e t o ps oil is c o m m o n. N o-till a g e 

o n t h e ot h er h a n d is a pr a cti c e t h at c a n b e pl a c e d i n t h e c at e g or y of c o ns er v ati o n al 

a gri c ult ur e w hi c h is l ess c o m m o n b ut sl o wl y s pr e a di n g as m or e b e n efi ci al f or a gri c ult ur al 

o p er ati o ns. N o -till a g e c a n b e a r e d u cti o n of till a g e, or th e a b a n d o n m e nt of till a g e 

alt o g et h er. N ot tilli n g or n ot disr u pti n g t h e t o ps oil, all o ws f or c o nti n u o us r o ot 

p e n etr ati o n, mi cr o bi al lif e d e v el o p m e nt, i n cr e as e d w at er h ol di n g c a p a cit y, a n d i n cr e as e d 

n utri e nt r et e nti o n. T his h as b e e n k n o w n t o all o w f or b ett er  cr o p yi el d as w ell as pr o vi di n g 

pl a nts t h at ar e h e at hi er a n d r e q uir e l ess m ai nt e n a n c e. I n g e n er al, t h er e ar e v ari o us 

s yst e ms a n d pr o c e d ur es us e d b y b ot h a gri c ult ur al m et h o ds, t h at c a n , a n d d o pr o d u c e g o o d 

hi g h -q u alit y yi el ds of fr uits a n d v e g et a bl es. T h e pr o bl e m ar e as s urr o u n di n g t h e 
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c o n v ers ati o n or d e b at e b et w e e n a gri c ult ur al m et h o ds c o nsists of c ost, i m p a ct o n t h e 

e n vir o n m e nt, us e of p esti ci d es/i ns e cti ci d es, i m p a ct o n h u m a n h e alt h, as w ell as s oil 

er osi o n. T h e pr o bl e m ar e as ar e m or e i n cl usi v e or l ess i n c l usi v e b as e d o n t h e s p e cifi c 

g e o gr a p hi c ar e a of t h e gl o b e, c o m m u nit y i n v ol v e m e nt, a n d st at e/f e d er al r e g ul ati o ns. 

A n ot h er ar e a of c o n c er n is t h e pri c e of t h e l a n d w h er e t h e a gri c ult ur al or g a ni z ati o n is 

l o c at e d, s h o ul d t h e q u alit y of s oil a n d p ossi bl e yi el d t h at c a n b e pr o d u c e d fr o m t h e s oil b e 

c o nsi d er e d w h e n c al c ul ati n g t h e l ot pri c e ? If s o m e o n e p ur c h as es a n ar e a t h at w as n ot 

m ai nt ai n e d f or o pti m u m s oil q u alit y, a n d t h e c o ns er v ati o n of t h e l a n d its elf, t h e n e w 

o w n er will h a v e t o i m pl e m e nt c ostl y pr o c e d ur es a n d miti g ati o n eff orts i n or d er t o 

pr o d u c e a yi el d t h e y d esir e or r et ur n t h e s oil q u alit y t o its o pti m u m q u alit y. T his is a 

c o nsi d er a bl e iss u e f or s ust ai ni n g s oil q u alit y, t h e s urr o u n di n g l a n d, as w ell as e c os yst e m 

s er vi c es pr o vi d e d b y s oil a n d its e c os yst e m.  

E c os yst e m s er vi c es c a n b e c o m m o nl y d efi n e d as t h e b e n efits p e o pl e or s o ci et y 

r e c ei v e fr o m v ari o us e c os yst e ms. T h er e ar e f o ur c at e g ori es t h at e a c h e c os yst e m s er vi c e 

c a n f all i nt o, t h es e ar e pr o visi o ni n g s er vi c es, r e g ul ati n g s er vi c es, h a bit at or s u p p orti n g 

s er vi c es, a n d c ult ur al s er vi c es ( R ei d, 2 0 0 5).  As o ur s o ci et y h as a d v a n c e d, w e h a v e 

a c q uir e d c ert ai n n e e ds, a n d m ost of t h e ti m e o ur n e e ds ar e m et t hr o u g h t h e e n vir o n m e nt, 

eit h er dir e ctl y or i n dir e ctl y, e c os yst e m s er vi c es ar e g e n er at e d w h e n e c os yst e ms 

c o ntri b ut e t o w ar ds m e eti n g t h es e n e e ds ( S m all et al., 2 0 1 7).  S oil g e n er at es its o w n 

i nt er n al e c os yst e m as w ell as c o ntri b ut es t o v ari o us ot h er e c os yst e ms dir e ctl y or 

i n dir e ctl y, s o m e of t h e e c os yst e m s er vi c es pr o vi d e d b y s oil i n cl u d e i m pr o v e m e nt i n w at er 

or air q u alit y , pr o vi di n g f o o d, fi b er, f e e d, f u el pr o d u cti o n, s oil er osi o n c o ntr ol , n utri e nt 

c y cli n g, s oil c ar b o n  d y n a mi cs a n d s e q u estr ati o n, a n d bi o di v ersit y ( Bl a n c o-C a n q ui, H, 
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2 0 1 8).  S oil i n cl u d es t h e v al u e of h u m a n s o ci et y a n d c o nt ai ns milli o ns of ot h er s p e ci es , 

w hi c h t h er ef or e m a k es its e ntir e t ot al v al u e i n c al c ul a bl e (B a v e y e et al., 2 0 1 6) . T h e iss u es 

s urr o u n di n g s oil a n d its e c os yst e m s er vi c es ar e of m aj or c o n c er n w h e n als o c o nsi d eri n g 

t h e b attl e t o i m pl e m e nt a n d c h a n g e e n vir o n m e nt al p oli ci es f or t h e b ett er m e nt of s o ci et y, 

t h e o pi ni o n or b eli efs of t h e g e n er al p u bli c is gr o u n d z er o ( Mill n er & Olli vi er , 2 0 1 6). 

Q u esti o ns a n d O bj e cti v es:  C o nsi d eri n g t h es e t w o diff er e nt m et h o ds , h o w v al u a bl e 

is t h e s oil wit hi n b ot h sit u ati o ns ? W h at is t h e e c o n o mi c e v al u ati o n c o nsi d eri n g b ot h 

t e c h ni q u es ? C o ul d o n e t e c h ni q u e b e m or e v al u a bl e or c o ntri b ut e a hi g h er v al u e wit h 

r es p e ct t o e c os yst e m s er vi c es ? H o w d o es t h e e n vir o n m e nt al v al u e c o m p ar e t o t h e pri c e of 

t h e l ot or a cr e a g e t h at w o ul d b e ass o ci at e d o n t h e a v er a g e m ar k et ?  

C h a pt e r 2 Lit e r at u r e R e vi e w  

T h e iss u e of v al u ati o n of e c os yst e m s er vi c es is i ns e p ar a bl e fr o m c h oi c es a n d 

d e cisi o ns t h at w e m a k e a b o ut l a n d m a n a g e m e nt. T h e v al u ati o n of e c os yst e ms is eit h er  

i m p ossi bl e or u n wis e, t h e pr o c ess of pl a ci n g a v al u e o n i nt a n gi bl es s u c h as e n vir o n m e nt al 

a est h eti cs or l o n g -t er m e c ol o gi c al b e n efits is u n att ai n a bl e, b ut w e a ct u all y d o t his e v er y 

d a y. W h e n c o nstr u cti o n st a n d ar ds f or hi g h w a ys , bri d g es , a n d  ot h er i nfr astr u ct ur e  ar e s et, 

w e v al u e h u m a n lif e, b y pr ot e cti n g a n d e n gi n e eri n g w a ys t o pr e v e nt a c ci d e nts. I n t h e 

s a m e w a y, t h e eff e cts of e c os yst e m s er vi c es t o h u m a n w elf ar e c a n r a n g e fr o m i m m e di at e 

t o l o n g-t er m a d v ers e c o ns e q u e n c es. T h es e e c os yst e m s er vi c es c a n b e e xtr e m el y si m pl e t o 

i d e ntif y, t o e x c e e di n gl y c o m pl e x a n d diffi c ult t o pr e di ct t h e l o n g -t er m eff e cts. F or 

e x a m pl e, f or ests cr e at e mi cr o -cli m at es t hr o u g h tr e es, s oils a n d t h e m oist ur e t h at t h e y 
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h ol d , all of w hi c h a d d  t o h u m a n w elf ar e i n c o m pl e x, a n d g e n er all y n o n e c o n o mi c w a ys 

( C ost a n z a et al. , 1 9 9 7). 

N at ur al c a pit al c o nsists of it e ms s u c h as tr e es, mi n er als, e c os yst e ms, t h e 

at m os p h er e a n d s o o n, t h e t er m n at ur al c a pit al s o m eti m es r ef ers t o t h e o v er all st o c k of 

t h es e m at eri als o n t h e pl a n et. H u m a n us es of t h e fl o w of t h es e s er vi c es m a n y n ot l e a v e 

t h e ori gi n al st o c k i nt a ct. T h e o p p osit e of n at ur al c a pit al, m a n uf a ct ur e d c a pit al c o nsists of 

m a c h i n es, b uil di n gs, a n d p h ysi c al b o di es. E c os yst e m s er vi c es c o nsist of fl o ws of 

m at eri als, e n er g y a n d i nf or m ati o n fr o m n at ur al c a pit al st o c ks w hi c h c o m bi n e wit h 

m a n uf a ct ur e d a n d h u m a n c a pit al s er vi c es t o pr o d u c e h u m a n w elf ar e ( C ost a n z a  et al. , 

1 9 9 7).  

T h e s er v i c es pr o vi d e d b y e c ol o gi c al s yst e ms a n d t h e n at ur al c a pit al st o c ks t h at ar e 

pr o d u c e d  ar e criti c al t o t h e f u n cti o ni n g of E art h’s lif e -s u p p ort s yst e m. T h e t ot al e c o n o mi c 

v al u e of t h e pl a n et is p artl y r e pr es e nt e d b y e c os yst e m s er vi c es, s u c h as filtr ati o n of w at er, 

pr o d u cti o n of t o p s o il, or st a bili z ati o n of cli m at e, t h es e s er vi c es c o ntri b ut e t o h u m a n 

w elf ar e dir e ctl y a n d i n dir e ctl y . W it h o ut t h e s er vi c es of e c ol o gi c al lif e-s u p p ort s yst e ms , 

th e fi n a n ci al s yst ems  of t h e E art h w o ul d gri n d t o a h alt , wit h t h at c o nsi d er e d t h eir t ot al 

v al u e t o t h e e c o n o m y is i m m e as ur a bl e ( C ost a n z a et al. , 1 9 9 7). 

E c os yst e m s er vi c es ar e di vi d e d u p i nt o f o ur c at e g ori es: pr o visi o ni n g s er vi c es, 

r e g ul ati n g s er vi c es, h a bit at or s u p p orti n g s er vi c es, a n d c ult ur al s er vi c es (R ei d, 2 0 0 5).  

Pr o visi o ni n g s er vi c es ar e a n y t y p e of b e n efit t o p e o pl e t h at c a n b e e xtr a ct e d fr o m n at ur e  

(R ei d , 2 0 0 5). T his i n cl u d es f o o d, dri n ki n g w at er, a n d r a w m at eri als s u c h as ti m b er, w o o d, 

f u el, n at ur al g as, oils, a n d pl a nts t h at c a n b e m a d e i nt o cl ot h es a n d ot h er m at eri als, or 
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m e di ci n al b e n efits/r es o ur c es. F o o d c ust o m aril y  c o m es fr o m a gr o n o m y , b ut m ari n e a n d 

fr es hw at er r es o ur c es als o pr o vi d e f o o d f or h u m a n utili z ati o n . F urt h er m or e, wil d f o o ds 

fr o m f or ests ar e oft e n u n d er esti m at e d a n d utili z e d b y m a n y c ult ur es all o v er t h e gl o b e 

(T h e E c o n o mi cs of E c os yst e ms a n d Bi o di v ersit y  (V a n d er Pl o e g, S. a n d R. S. d e Gr o ot 

( 2 0 1 0). R e g ul ati n g s er vi c es i n cl u d e w at er p urifi c ati o n, p olli n ati o n, d e c o m p ositi o n, 

er osi o n a n d fl o o d c o ntr o l, er osi o n pr e v e nti o n, c ar b o n st or a g e a n d cli m at e r e g ul ati o n, 

l o c al cli m at e a n d air q u alit y c o ntr ol, m o d er ati o n of e xtr e m e e v e nts, w ast e w at er tr e at m e nt, 

m ai nt e n a n c e of s oil f ertilit y, a n d bi ol o gi c al c o ntr ol (R ei d , 2 0 0 5). H a bit at or s u p p orti n g 

s er vi c es i n cl u d e h a bit ats f or s p e ci es, m ai nt e n a n c e of g e n eti c di v ersit y, n utri e nt c y cli n g, 

p h ot os y nt h esis, d e v el o p m e nt of s oils, a n d t h e w at er c y cl e (R ei d , 2 0 0 5). C ult ur al s er vi c es 

ar e d eri v e d fr o m w h at t h e e c os yst e m gi v es t o t h e c o m m u nit y of h u m a ns ar o u n d it  (R ei d , 

2 0 0 5) . T h e s er vi c es i n cl u d e d ar e a pr o d u ct of cr e ati v e n ess  b or n fr o m i nt er a cti o ns or 

e x p eri e n c es wit h n at ur e; m usi c, art, ar c hit e ct ur e, r e cr e ati o n, m e nt al a n d p h ysi c al h e alt h, 

t o uris m, a est h eti c e nj o y m e nt  a n d i ns pir ati o n f or c ult ur al f u n cti o ns , d esi g n, s pirit u al 

e x p eri e n c e , a n d s e ns e of pl a c e  (R ei d , 2 0 0 5).  
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T a bl e 1  E c os yst e m S er vi c es C h art R etri e v e d fr o m w w w. e c et o c. or g ( E c et o c, 2 0 1 6).  

 

All t h es e s er vi c es h a v e a v al u e att a c h e d t o t h e m a n d  h a v e a d o mi n o eff e ct t o 

s o ci o e c o n o mi c pr o bl e ms if t h e y ar e r e m o v e d or alt er e d. F or e x a m pl e, p e o pl e us e n at ur e 

as w a y t o r eli e v e str ess b y t a ki n g a w al k, g etti n g fr es h air,  or j ust e x er cisi n g o ut d o ors. 

T his a cti o n h as a p ositi v e eff e ct o n t h e m e nt al h e alt h of t h e i n di vi d u al, wit h o ut t his 

s er vi c e i n pl a c e wit hi n a n e n vir o n m e nt a n i n di vi d u al mi g ht d e v el o p d e pr essi o n or a n ot h er 

m e nt al h e alt h dis or d er d u e t o t h eir bi ol o gi c al n e e d t o c o n n e ct t o n at ur e  (J e n ni n gs, 2 0 1 6). 

T h e c ost of tr e at m e nt f or t h e n u m b er of i n di vi d u als wit h m e nt al h e alt h c as es c o ul d 

o ut w ei g h t h e v al u e of t h e s er vi c e its elf, t h us m a ki n g it m or e b e n efi ci al t o k e e p t h e 

e c os yst e m i nt a ct a n d u n alt er e d. F or t h es e s c e n a ri os t o b e c o m p ar e d a c ost f or t h e e c ol o gi c 

s er vi c e w o ul d h a v e t o b e d e v el o p e d, t his c ost w o ul d r el y h e a vil y o n t h e s o ci et y or 

c o m m u nit y’s willi n g n ess t o tr a d e t h e n at ur al c a pit al it e m or s er vi c e f or s o m et hi n g of 
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e q u al v al u e or gr e at er i m p ort a n c e. T his w o u l d b e p ur c h as e d wit h s o m e t y p e of c urr e n c y 

t h at w o ul d pl a c e a n esti m at e d v al u e o n t h e e c ol o gi c s er vi c e.  

T h e a bilit y of e c os yst e m s t o c o nti n u o usl y s u p pl y t h e fl o w of s er vi c es, dir e ctl y or 

i n dir e ctl y, f or pr es e nt a n d f ut ur e c o m m u niti es a n d h u m a n n e e ds, ar e t hr e at e n e d b y 

e c os yst e m d e gr a d ati o n, a n d t h e l oss of bi o di v ersit y r es ulti n g i n l oss of f u n cti o n a n d 

r esili e n c e ( S m all et al., 2 0 1 7; d e Gr o ot et al., 2 0 1 2). T h e m aj orit y  of t h e r es e ar c h o n 

e c os yst e m s er vi c es t o d at e h as c o n c e ntr at e d  o n ass essi n g t h e pr o visi o n of e c os yst e m 

s er vi c es, a n d c o n c er ns of e c ol o g y as w ell as ot h er n at ur al s ci e n c es ( Pr ot h er o  et al. , 2 0 0 8). 

Lit er at ur e o n e c os yst e m s er vi c es t h at is l e ast d e v el o p e d is t h e l a w (Pr ot h er o  et al. , 2 0 0 8). 

B e c a us e l a ws a n d p oli ci es e v ol v e sl o wl y , t h e y r efl e ct p ast as w ell as c urr e nt vi e ws o n 

w h at is b e n efi ci al or d esir a bl e (Pr ot h er o  et al. , 2 0 0 8). F u n cti o ni n g e c os yst e ms pr o vi d e a 

r a n g e of s er vi c es t h at h a v e m a n y i m p e n di n g us es wit h diff er e nt v al u es att a c h e d. 

E c os yst e m S er vi c e ass ess m e nts ar e b e c o mi n g c o m m o n as s ci e ntists a n d s p e ci alists  

w orl d wi d e r es p o n d t o t h e n e c essit y  f or e c os yst e m-b as e d m a n a g e m e nt . T h es e ass ess m e nts 

e v al u at e  h o w t h e e c os yst e m s er vi c es, or t h e b e n efits p e o pl e d eri v e fr o m n at ur e m a y b e 

aff e ct e d b y f ut ur e s o ci eti es or c h a n g es i n e n vir o n m e nt al c o n diti o ns ( H a m el, 2 0 1 7).   

S oil pr o vi d es v ari o us s er vi c es t o t h e e n vir o n m e nt a n d or g a nis ms wit hi n t h e 

e n vir o n m e nt. S o m e of t h e s er vi c es pr o vi d e d b y s oil i n cl u d e pr o vi di n g f o o d, fi b er, f e e d, 

f u el pr o d u cti o n, s oil er osi o n c o ntr ol, i m pr o v e m e nt i n w at er or air q u alit y, n utri e nt 

c y cli n g, s oil c ar b o n c h a n g es  d y n a mi cs  a n d s e q u estr ati o n, a n d bi o di v ersit y ( Bl a n c o-

C a n q ui, H, 2 0 1 8).  Fr o m t h e list a b o v e it c a n b e u n d erst o o d h o w i nt e gr al s oil is t o lif e a n d 

h o w s oil c o ntri b ut es t o v ari o us ot h er m at eri als or s er vi c es d o w n t h e li n e aft er its i niti al 
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us e. S oil h as a pr ol o n g e d eff e ct t o o ur q u alit y of lif e, wit h a c h ai n li n k of c o ntri b uti o ns. 

T o g et a n i d e a of h o w s m all a n i m p a ct c a n b e t o alt er s oil, c o nsi d er c h a n g es i n s oil 

p h ysi c al pr o p erti es t h at c a n dir e ctl y aff e ct cr o p est a blis h m e nt or pr o d u cti o n, m ost 

s p e cifi c all y, p h ysi c al pr o p erti es r el at e d t o s oil c o m p a cti o n (Bl a n c o -C a n q ui, H , 2 0 1 8). 

T h e c o m p a ct e d p h ysi c al st at e of s oil will b e aff e ct e d t hr o u g h s e e di n g e m er g e n c e, r o ot 

gr o wt h, cr o p pr o d u cti o n, p or osit y, a n d w at er i nfiltr ati o n (Bl a n c o -C a n q ui, H , 2 0 1 8). 

C urr e ntl y t h e a v er a g e r at e of s oil er osi o n fr o m cr o pl a n d d e cr e as e d b y o v er 3 0 % fr o m 

1 9 8 2 t o 2 0 1 2. E v e n wit h t h e i m pr o v e m e nt , t h e esti m at e d r at e of er osi o n sits at 4. 6 t o ns 

p er a cr e p er y e ar ( N ati o n al S ci e n c e a n d T e c h n ol o g y C o u n cil , 2 0 1 6).  A c c or di n g t o t h e 

2 0 1 6 “ T h e St at e a n d F ut ur e of U. S. S oils ” r e p ort, t h e ar e as i d e ntifi e d as o p p ort u niti es a n d 

n e e ds t o c o ns er v e t h e st at e of U. S. s oils i n cl u d es; r es e ar c h, t e c h n ol o g y, l a n d 

m a n a g e m e nt, a n d s o ci al s ci e n c e ( N ati o n al S ci e n c e a n d T e c h n ol o g y C o u n cil , 2 0 1 6).  It e ms 

a d dr ess e d i n all ar e as i n cl u d e t hi n gs li k e, b ett er c h ar a ct eri z ati o n of t h e t hr e ats t h at cli m at e 

a n d e n vir o n m e nt al c h a n g es pr es e nt, f urt h er r es e ar c h o n er osi vit y of r ai nf all a cr oss t h e 

U. S., a n o p p ort u nit y f or hi g h -r es ol uti o n m o nit ori n g of e n vir o n m e nt al c h a n g e, f urt h er 

eff orts f or r es e ar c hi n g a n d d e v el o pi n g b est m a n a g e m e nt pr a cti c es f or t h e diff er e nt l a n d 

us es, l a n d c o v er t y p es a n d cli m at e ori e nt at e d g o als, as w ell as t h e n e e d f or a n i m pr o v e d 

u n d erst a n di n g of s o ci al dri v ers of r esist a n c e t o a d o pti n g cli m at e -s m art a gri c ult ur al or 

f or estr y pr a cti c es (N ati o n al S ci e n c e a n d T e c h n ol o g y C o u n cil , 2 0 1 6).  C urr e ntl y s oils a n d 

l a n ds ar e m a n a g e d pr of essi o n all y, b ut m or e c a n b e d o n e t o attri b ut e t o a b ett er all-ar o u n d 

s yst e m, a s yst e m cr e at e d c o nsi d eri n g m or e s ust ai n a bilit y, e n vir o n m e nt al i m p a cts, a n d 

a p pr o pri at e l a n d us e.  
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S oil bi o di v ersit y, s oil f ertilit y, or m ai nt e n a n c e of s oil str u ct ur e c a n b e r ef err e d t o  

as e c os yst e m s er vi c es. S oil bi o di v ersit y r ef ers t o t h e v ari a bilit y a m o n g li vi n g t hi n gs 

wit hi n t h e s oil, t his als o i n cl u d es a m yri a d of or g a nis ms, s u c h as mi cr o or g a nis ms, m es o -

f a u n a, a n d m a cr o-f a u n a (F o o d a n d A gri c ult ur al Or g a ni z ati o n of t h e U nit e d N ati o ns , n. d.).  

S oil f ertilit y r e pr es e nts t h e c a p a cit y of a s oil t o s u p pl y n utri e nts t o pl a nts i n a d e q u at e 

a m o u nts a n d i n a p pr o pri at e q u a ntiti es  (G ar d n er , H., 1 9 8 5).  S oil str u ct ur e is us e d t o r ef er 

t o h o w t h e p arti cl es of s oil ar e gr o u p e d t o g et h er, a n eff ort t o pr es er v e s oil str u ct ur e m a y 

i n cr e as e t h e r a n g e of s oil t e xt ur es a c c e pt a bl e f or bi or et e nti o n (S h a nstr o m, N ., 2 0 1 4 ). T h e 

t ot al v al u e of s oil is i m m e as ur a bl e as it i n cl u d es t h e v al u e of h u m a n ci vili z ati o n  a n d  

milli o ns of ot h er s p e ci es ( B a v e y e et al., 2 0 1 6) . N e o cl assi c al e c o n o mi cs is n ot e q ui p p e d t o 

d e al wit h i nfi nit e c a pit al. T h e r e c o g niti o n of t his m a y h el p t o e n c o ur a g e s oils t o b e 

m a n a g e d i n si mil ar w a ys t o o bj e cts t h at h a v e b e e n d et er mi n e d t o h a v e e q u all y i nfi nit e 

v al u e ( B a v e y e et al., 2 0 1 6) . T h e e n tir et y of s oil is i nfi nit el y v al u a bl e b ut n ot at t h e 

vi e w p oi nt of a n i n di vi d u al p ar c el. F or e x a m pl e, m o n u m e nts, a n ci e nt str u ct ur es, or n at ur al 

f or ests or p ar ks h a v e b e e n pr es er v e d a n d a v al u e is assi g n e d d u e t o t h eir hist ori c al or 

r e cr e ati o n al v al u e (B a v e y e  et al. , 2 0 1 6). W h e n c o nsi d eri n g s o m et hi n g t h at s o ci et y h as 

pl a c e d a n i nfi nit e v al u e u p o n , s u c h as t h e N otr e D a m e C at h e dr al i n P aris, t h e p ers p e cti v e 

of t h e F r e n c h g o v er n m e nt is t h at it is li a bl e f or m ai nt ai ni n g  t h e c at h e dr al i n s u p eri or 

s h a p e s o t h at f ut ur e g e n er ati o ns c a n e nj o y it as m u c h as t h e pr es e nt -d a y  s o ci et y ( B a v e y e 

et al., 2 0 1 6) . I nt e gr ati n g t h e l a b el of “ S o ci et al H erit a g e ” or c o nsi d eri n g s oils as a l e g a c y , 

c o ul d gi v e p u bli c a ut h oriti es s o m e m e as ur e of c o ntr ol o v er w h at l a n d o w n ers d o wit h t h eir 

l a n d (B a v e y e  et al. , 2 0 1 6). O n c e s oils ar e vi e w e d as a h erit a g e, t h e r ol e of t h e l a n d o w n er 
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s wit c h es t o t h at of a st e w ar d w h os e m or al d ut y is t o e ns ur e t h at s oils ar e tr a nsf err e d t o t h e 

n e xt g e n er ati o n i n g o o d c o n diti o n ( B a v e y e  et al. , 2 0 1 6).   

B i o di v ersit y wit hi n s oil is v al u e d as a pr o d u ct of s oil a n d as a dri v er of m a n y 

r e g ul ati n g s er vi c es (C o m erf or d  et al. , 2 0 1 3). S oil bi o di v ersit y c a n b e v al u e d f or its o w n 

s a k e a n d f or pr o vi di n g n u m er o us e c os yst e m s er vi c es ( C o m erf or d  et al. , 2 0 1 3). T h e v al u e 

of bi o di v ersit y st e ms fr o m it b ei n g a g e n eti c r es o ur c e a n d r e pr es e nt ati o n of t h e p ot e nti al 

f or bi ol o gi c all y m e di at e d s oil e c os yst e m s er vi c es i n t h e pr es e nt as w ell as t h e f ut ur e 

(C o m erf or d  et al. , 2 0 1 3). T h e c o m p o n e nts of v al u e h ar d est t o q u a ntif y fr o m bi o di v ersit y 

pr o vi d e d b y s oil , i n cl u d e i n dir e ct us e a n d n o n-us e b e n efits ( C o m erf or d  et al. , 2 0 1 3). 

I n dir e ct us es of s oil c o nsist of t hi n gs li k e b uil di n g m at eri als, m e di ci n e, b e a ut y pr o d u cts, 

p ott er y, as w ell as w h at c a n b e m a n uf a ct ur e d fr o m c ert ai n cr o ps, s u c h as c ott o n a n d 

cl ot hi n g. T h e r es er v oir of bi o di v ersit y is i m p ort a nt t o m a n y s oil pr o c ess es , e. g.,  n utri e nt 

c y cli n g , pl us  t h e m a n y or g a nis ms s er v e as a n ess e nti al p art t o t h e f u n cti o n al di v ersit y a n d  

r esili e n c e of s oil (J ó nss o n, 2 0 1 6). S u c h a gri c ult ur al t e c h ni q u es, li k e a p pl yi n g p esti ci d es, 

h a v e a pr o v e n eff e ct o n s oil bi o di v ersit y, killi n g b e n efi ci al or g a nis ms a n d li miti n g 

f u n cti o n al di v ersit y (J ó nss o n, 2 0 1 6). S o m e  a gri c ult ur al pr o c ess es  m a y  l e a d t o 

mis m a n a g e m e nt a n d d e gr a d ati o n of t h e s oil a n d f ut ur e e c o n o mi c c osts (J ó nss o n, 2 0 1 6).  

E c o n o mi c	 v al u e 	

O n e w a y t o t hi n k a b o ut t h e v al u e of e c os yst e ms is t o d et er mi n e w h at it w o ul d c ost 

t o r e pli c at e t h e m i n a t ec h n ol o gi c all y pr o d u c e d, artifi ci al bi os p h er e ( C ost a n z a, 1 9 9 7). T h e 

p u bli c p er c e pti o n o n e n vir o n m e nt al t o pi cs is us u all y ass ess e d wit h o pi ni o n o n gl o b al 

w ar mi n g. S ur v e ys of p u bli c o pi ni o n s h o w a l o w l e v el of c o n c er n a b o ut e n vir o n m e nt al 

pr o bl e ms  ( Mill n er & O lli vi er, 2 0 1 6).  P e o pl e’s b eli efs a b o ut s p e cifi c e n vir o n m e nt al 
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pr o bl e ms ar e oft e n h et er o g e n e o us a n d n ot st a bl e o v er ti m e. T h e b eli efs of t h e g e n er al 

p u bli c ar e gr o u n d z er o f or t h e b attl e t o i m pl e m e nt e n vir o n m e nt al p oli ci es ( Mill n er & 

Olli vi er , 2 0 1 6). 

A n i m p ort a nt t o ol t o r ais e a w ar e n ess a n d c o m m u ni c at e t h e r el ati v e i m p ort a n c e of 

e c os yst e ms a n d bi o di v ersit y t o p oli c y m a k ers c o nsist of a p pl yi n g v al u e of t he e c os yst e m 

s er vi c es i n m o n et ar y u nits ( d e Gr o ot, 2 0 1 2). V al ui n g e c os yst e m s er vi c es a n d ass o ci at e d 

b e n efits is n ot s tr ai g ht f or w ar d ( S m all, 2 0 1 7). M o n et ar y u nits c o n n e ct e d t o e c os yst e m 

s er vi c e s c o ul d i n di c at e t h e r el ati v e v al u e c urr e nt s o ci eti es pl a c e o n e c os yst e m s er vi c es 

a n d pr o vi d e g ui d a n c e t o t h e c o m m u nit y l e a d ers hi p ( d e Gr o ot et al., 2 0 12). G o v er n m e nts 

h a v e i n cr e asi n gl y a d dr ess e d l o c al e n vir o n m e nt al iss u es, s o ci al e x p e ct ati o ns a n d 

i nt er c o n n e ct e d n ess, b ut t h e s ol uti o ns h a v e m ai nl y c o m e fr o m s p e cifi c t e c h n ol o gi c al 

a d v a n c es p er r e gi o n a n d t hr o u g h d e v el o p m e nt of d e cisi o n -m a ki n g pl a ns ( Pri m m er et al., 

2 0 1 2). I n 2 0 0 7 a gl o b al ass ess m e nt of T h e E c o n o mi cs of E c os yst e ms a n d Bi o di v ersit y 

( T E E B) w as l a u n c h e d t o s u p p ort t h e m ess a g e, p u bli c d e b at e, as w ell as p oli c y a cti o n f or 

t h e m o n et ar y v al u e of e c os yst e ms a n d bi o di v ersit y (d e Gr o ot  et al. , 2 0 1 2). S o ci o-c ult ur al 

v al u es d es cri b e t h e w a y all e c os yst e m s er vi c e v al u es c a n b e c ult ur all y c o nstr u ct e d a n d 

c at e g ori z e d i n t hr e e v al u e d o m ai ns, i ntri nsi c v al u e, e c ol o gi c al v al u e,  a n d r el ati o n al v al u e 

( S m all et al. , 2 0 1 7). E c os yst e ms t h at ar e str ess e d b y a v ari et y of f a ct ors ar e li k el y t o h a v e 

i m p air e d or r e d u c e d e c os yst e m s er vi c es (S a n dif er  et al. , 2 0 1 5). T h e l oss of bi o di v ersit y 

will n e g ati v el y aff e ct  h u m a n a c c ess t o r eli a bl e f o o d, cl e a n w at er, a n d r a w m at eri als a n d 

will li k el y h a v e a l ar g er i m p a ct o n p o or a n d at -ris k p e o pl e  (S a n dif er  et al. , 2 0 1 5). 
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M a n y gl o b al e n vir o n m e nt al pr o bl e ms h a v e c h ar a ct eristi cs t h at m a k e t h e m 

i n h er e ntl y diffi c ult t o u n d erst a n d. W h e n c o nsi d eri n g iss u es s u c h as cli m at e c h a n g e, 

bi o di v ersit y l oss, a n d t h e d e cli n e i n w orl d fis h eri es, m a n y p e o pl e h a v e n ot a ct u all y 

e x p eri e n c e d a n y of t h es e pr o bl e ms . T h e  e v e nts ar e n ot l o c ali z e d, b ut r at h er l o n g -r u n 

tr e n ds, t h at ar e sl o wl y c h a n gi n g i n t h e distri b uti o n of e v e nts. T h es e e v e nts c a n b e 

c o m p ar e d t o e n vir o n m e nt al c at astr o p h e s s u c h as a n oil s pil l, w h er e t h e c o ns e q u e n c es ar e 

e asil y c a pt ur e d o n fil m a n d br o a d c ast e d t hr o u g h o ut t h e m e di a ( Mill n er  & Olli vi er , 2 0 1 6).  

L a ws a n d p oli ci es e v ol v e sl o wl y, t h e y r efl e ct p ast as w ell as c urr e nt vi e ws o n 

w h at is b e n efi ci al or d esir a bl e (Pr ot h er o  et al. , 2 0 0 8). F u n cti o ni n g e c os yst e ms pr o vi d e a 

r a n g e of s er vi c es t h at h a v e m a n y p ot e nti al us es wit h diff er e nt v al u es att a c h e d ( S m all et 

al. , 2 0 1 7). A w a y t o ill ustr at e a n d vis u ali z e h o w e c o n o mi c s er vi c es fit i n wit hi n s o ci et y is 

a V e n n di a gr a m t h at c o nsist of bi o p h ys i c al t y p e or n at ur al c o nt e xt a n d b e n efi ci ar y t y p e or 

s o ci o -e c o n o mi c c o nt e xt w hi c h ill ustr at es t h e r el ati o ns hi p of t h e t w o. T h e di a gr a m h el ps 

t o vis u ali z e w h er e t h e e c os yst e m is i n t er ms of s o ci et al o utl o o k a n d w h e n it cr oss es o v er 

t o t h e s o ci al e c o n o mi c r eal m, it st arts wit h t h e s er vi c es pr o vi d e d. M o vi n g fr o m l eft t o 

ri g ht i n t h e bi o p h ysi c al t y p e ar e a is e c os yst e m or g a nis ms t h e n e c os yst e m f u n cti o ni n g 

wit h e c os yst e m s er vi c es i n t h e cr oss o v er ar e a, us e d b y b ot h ar e as, n e xt i n t h e b e n efi ci ar y 

t y p e ar e a is b e n efits t h e n v al u e ( S m all et al. , 2 0 1 7). T h e cr oss o v er ar e a w h er e e c os yst e m 

s er vi c es is s h ar e d b y t h e bi o p h ysi c al si d e of t h e c o n v ers ati o n a n d t h e s o ci o -e c o n o mi c si d e 

s h o ws h o w i n s o ci et y, w e d e p e n d o n e c os yst e m s er vi c es i n t w o c o m pl et el y s e p ar at e d 

s p a c es t h at ar e m or e  c o n n e ct e d t h a n o ur g e n er al vi e ws o n t h e iss u e.  
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Fi g ur e 1  V e n n Di a gr a m dis g n e d t o dis pl a y k e y as p e cts t o u n d erst a n d w h e n e x a mi ni n g 

li n ks b et w e e n e c os yst e ms a n d b e n efits d eri v e d  ( S m all et al. 2 0 1 7)  

P r e c a uti o n a r y	 P ri n ci pl e	 – 	P hil o s o p h y	 	

Wit hi n t h e e v al u ati o n of e c o n o mi c v al u e of  e n vir o n m e nt al s er vi c es t h er e ar e  

p hil os o p hi c al a n d s o ci al iss u e s t h at pl a g u e t h e c o n v ers ati o n. T h e v al u e of e c os yst e m 

s er vi c es is c o m p ar e d t o t h e pr o p os e d c h a n g e i n l a n d us e w hi c h is d e b at e d b y r e g ul at ors, 

t h e p u bli c, a n d ot h ers. T o g ui d e t his et hi c al dil e m m a, m a n y h a v e t ur n e d t o w ar d t h e 

pr e c a uti o n ar y pri n ci pl e.  

T h er e ar e f e w pr essi n g s o ci al iss u es t h at d e p e n d as h e a vil y o n s ci e ntifi c 

i nf or m ati o n as d o e n vir o n m e nt al pr o bl e ms. W h e n a n a cti vit y r ais es t hr e ats of h ar m t o 

h u m a n h e alt h or t h e e n vir o n m e nt, pr e c a uti o n ar y m e as ur es s h o ul d b e t a k e n. Wit hi n t h e 

pr e c a uti o n ar y  pri n ci pl e m e as ur es s h o ul d b e t a k e n e v e n if s o m e c a us e a n d eff e ct 

r el ati o ns hi ps ar e n ot f ull y est a blis h e d s ci e ntifi c all y. F o ur c e ntr al c o m p o n e nts of t h e 

pri n ci pl e i n cl u d e t a ki n g pr e v e nt ati v e a cti o n i n t h e f a c e of u n c ert ai nt y, s hifti n g t h e b ur d e n 

of pr o of t o t h e pr o p o n e nts of a n a cti vit y, e x pl ori n g a wi d e r a n g e of alt er n ati v es  t o 
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p ossi bl y h ar mf ul a cti o ns, as w ell as i n cr e asi n g p u bli c d e cisi o n m a ki n g. T h e pr e c a uti o n ar y 

pri n ci pl e s u p p orts  p oli ci es t h at s af e g u ar d  h u m a n  h e alt h a n d t h e e n vir o n m e nt i n t h e f a c e 

of u n c ert ai n ris ks ( Kri e b el  et al. , 2 0 0 1).  

	E c o s y st e m s	 a n d	 E c o n o mi c s 	

A cl assi c d efi niti o n of e c o n o mi cs is t h e s ci e n c e t h at st u di es h u m a n b e h a vi or wit h 

r e g ar ds t o t h e s atisf a cti o n of h u m a n n e e ds a n d w a nts fr o m s c ar c e r es o ur c es wit h 

alt er n ati v e us es ( R o b bi ns 1 9 3 2, p. 1 5), as cit e d i n B ar bi er, 2 0 0 9). T h e i nstr u m e nt al r ol e 

of a n ass et i n att ai ni n g h u m a n g o als is its e c o n o mi c v al u e ( B ar bi er, 2 0 0 9). T his v al u e 

f o c us es o n t h e r el ati o ns hi p b et w e e n h u m a ns a n d t h e st at e of t h e e c os yst e m ( B ar bi er, 

2 0 0 9). E c os yst e m s er vi c es c a n n ot b e st o c k pil e d, a n d all e c o n o mi c pr o d u cts r es ult fr o m 

t h e c o n v ersi o n  of r a w m at eri als pr o vi d e d b y t h e n at ur al w orl d  ( F arl e y, 2 0 1 2). T h e 

e xtr a cti o n of r a w m at eri als a n d t h e r et ur n of t h e w ast e is k n o w n as t hr o u g h p ut ( F arl e y, 

2 0 1 2). T h e fl o w of w ast e i nt o  t h e e c os yst e m f or c o m b usti o n, as w ell as t h e e xtr a cti o n of 

f ossil f u els is c o ntr oll e d b y s o ci et y ( F arl e y, 2 0 1 2). A g e n er al c h all e n g e i n e c o n o mi cs is 

att e m pti n g t o d et er mi n e h o w m u c h e c os yst e m str u ct ur e s h o ul d or c a n b e c o n v ert e d i nt o 

e c o n o mi c pr o d u ct, as w ell as h o w m u c h s h o ul d b e l eft i nt a ct t o g e n er at e e c os yst e m 

s er vi c es ( F arl e y, 2 0 1 2). A s ust ai n a bilit y vi e w p oi nt ass u m es t h at w e h a v e a n et hi c al 

o bli g ati o n t o f ut ur e g e n er ati o ns t o k e e p t h es e e c os yst e m s er vi c es i nt a ct ( F arl e y, 2 0 1 2). 

Pl a nts, a ni m als, w at er , mi n er als a n d s o o n, ar e t h e r a w m at eri als t h at g et p h ysi c all y 

tr a nsf or m e d i nt o e c o n o mi c pr o d u ct, t h es e m at eri als s er v e as t h e str u ct ur al b uil di n g bl o c ks 

of e c os yst e ms ( F arl e y, 2 0 1 2). Pr o visi o ni n g e c os yst e m s er vi c es ar e d efi n e d as t h e 

r e pr o d u cti v e c a p a city of e c os yst e ms ( F arl e y, 2 0 1 2). It is ess e nti al f or h u m a ns a n d ot h er 

s p e ci es t h at t h e c a p a cit y of t h e e c os yst e m r e m ai ns di v ers e, r esili e nt, a n d t h at t h e fl o w of 
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e c os yst e m s er vi c es is m ai nt ai n e d o v er ti m e ( F arl e y, 2 0 1 2). H u m a n a cti vit y d estr o yi n g 

pl a n et ar y e c os yst e ms is u nli k el y, b ut t h at d o es n ot r ul e o ut t h e p ot e nti al of dr a m ati c 

r e c o nfi g ur ati o ns t h at l e a d t o fli p p e d alt er n at e st at es ( F arl e y, 2 0 1 2). A gri c ult ur e a n d 

ci vili z ati o n as w e k n o w t h e m b ot h e v ol v e d d uri n g t h e H ol o c e n e, w hi c h w as 

g e o gr a p hi c all y c at e g ori z e d as a n u n us u all y st a bl e cli m at e ( F arl e y, 2 0 1 2). I n t h e c urr e nt 

er a, t h e A nt hr o p o c e n e , t h e eff e cts of h u m a n a cti o ns  o n e c os yst e ms ar e o n t h e s c al e of 

g e ol o gi c al f or c es, w hi c h is a d a n g er  t o b ot h e c ol o gi c al a n d e c o n o mi c s ust ai n a bilit y 

( F arl e y, 2 0 1 2). E v e n if t h e e c os yst e m r e m ai ns r esili e nt a n d e v e nt u all y r e c o u ps, 

e c os yst e ms m a y b e i nt err u pt e d t o t h e p oi nt t h at t h e g e n er ati o n of s p e cifi c s er vi c es is 

disr u pt e d f or l o n g e n o u g h t o d estr o y t h e e c o n o mi es t h at r el y o n t h e m  ( F arl e y, 2 0 1 2). 

M a n y e c o n o mists b eli e v e all r es o ur c es h a v e s u bstit ut es, a n d t h er ef or e n at ur al r es o ur c es 

pl a y a n e gli gi bl e r ol e i n e c o n o mi c o ut p ut. Criti c al N at ur al C a pit al ( C N C) r e pr es e nts 

n at ur al c a pit al st o c ks t h at g e n er at e ess e nti al e c os yst e m s er vi c es ( F arl e y, 2 0 1 2). 

Irr e v ersi bl e l oss of C N C c a n o c c ur w h e n a t hr es h ol d is cr oss e d b y a s yst e m w h er e a v er y 

s m all c h a n g e i n e c o n o mi c a cti vit y c a n h a v e e n or m o us i m p a cts ( F arl e y, 2 0 1 2). F o o d 

pr o visi o n, w at er pr o visi o n a n d p urifi c ati o n, dis e as e r e g ul ati o n a n d dist ur b a n c e r e g ul ati o n, 

ar e s o m e of t h e e c o n o mi c t hr es h ol ds aff e ct e d b y e c os yst e m s er vi c es ( F arl e y, 2 0 1 2). 

T e c h n ol o gi c al a d v a n c es t h at c a n pr o vi d e s u bstit ut es ar e k n o w n e c o n o mi c all y as b a c k -

st o p t e c h n ol o g y, w h er e t h e m at eri al’s m ar gi n al v al u e c a n n ot e x c e e d t h e pri c e of t h e 

s u bstit ut e a n d m ar gi n al a n al ysis r e m ai ns a p pr o pri at e ( F arl e y, 2 0 1 2).  

T h e Mill e n ni u m E c os yst e m Ass ess m e nt d efi n es e c os yst e m s er vi c es as t h e b e n efit 

p e o pl e or h u m a ns r e c ei v e fr o m e c os yst e ms ( B ar bi er, 2 0 0 9). T h e ass o ci at e d b e n efit 

str e a ms ass o ci at e d wit h e c os yst e m s er vi c es c o ul d p ossi bl y b e us e d t o esti m at e t h e v al u e 
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of t h e u n d erl yi n g e c ol o gi c al ass ets ( B ar bi er, 2 0 0 9). T h er e ar e f o ur m ai n b ut br o a d b e n efit 

str e a ms. T h es e c o nsist of pr o visi o ni n g s er vi c es, c ult ur al s er vi c es, s u p p orti n g s er vi c es, 

a n d r e g ul ati n g s er vi c es ( B ar bi er,  2 0 0 9). Pr o visi o ni n g s er vi c es b e n efit str e a ms h a v e b e e n 

t h e f o c us i n m u c h w or k r e g ar di n g e n vir o n m e nt al a n d r es o ur c e e c o n o mi cs ( B ar bi er, 

2 0 0 9). T h es e i n cl u d e f o o ds, fi b ers, f u els, w at er, bi o c h e mi c als, m e di ci n es, 

p h ar m a c e uti c als, a n d g e n eti c m at eri al ( B ar bi e r, 2 0 0 9). T h e s e c o n d c at e g or y f o c us es o n 

c ult ur al s er vi c es w hi c h c o nsist of a r a n g e of l ar g el y n o n -c o ns u m pti v e us es of t h e 

e n vir o n m e nt a n d r efl e ct t h e f a ct t h at t h e di v ersit y of e c os yst e ms is mirr or e d i n t h e 

di v ersit y of h u m a n c ult ur es ( B ar bi er, 2 0 0 9). C ul t ur al s er vi c es us u all y i n cl u d e s pirit u al, 

r eli gi o us, a est h eti c, a n d i ns pir ati o n al w ell b ei n g t h at p e o pl e d eri v e fr o m t h e ‘ n at ur al’ 

w orl d ar o u n d t h e m ( B ar bi er, 2 0 0 9). T his c at e g or y als o i n cl u d es t ot e mi c i m p ort a n c e of 

p arti c ul ar l a n ds c a p es, i nf or m ati o n, a w ar e n ess or u n d erst a n di n g of e c os yst e ms a n d t h eir 

i n di vi d u al c o m p o n e nts, a n d als o pl a ys i nt o t h e as p e ct of e c ot o uris m ( B ar bi er, 2 0 0 9). 

S u p p ort s er vi c es c o nsist of t h e m ai n e c os yst e m pr o c ess es t h at u n d er pi n all ot h er s er vi c es, 

t h es e s er vi c es i n cl u d e s er vi c es lik e s oil f or m ati o n, p h ot os y nt h esis, pri m ar y pr o d u cti o n, as 

w ell as n utri e nt, c ar b o n, a n d w at er c y cli n g ( B ar bi er, 2 0 0 9). T h e l ast s et of i d e ntifi e d 

e c os yst e m s er vi c es b y t h e Mill e n ni u m E c os yst e m Ass ess m e nt c o nsist of r e g ul ati n g 

s er vi c es ( B ar bi er, 2 0 0 9). R e g u l atin g s er vi c es i n cl u d e w at er p urifi c ati o n a n d w ast e 

tr e at m e nt, air q u alit y r e g ul ati o n, cli m at e r e g ul ati o n, er osi o n r e g ul ati o n or s oil 

st a bili z ati o n, h y dr ol o gi c al r e g ul ati o n, dis e as e r e g ul ati o n, p est r e g ul ati o n, a n d n at ur al 

h a z ar d r e g ul ati o n ( B ar bi er, 2 0 0 9). P e o pl e r o uti n el y tr a d e off e c os yst e m s er vi c es. C a pit al 

i n cl u d es b ot h pr o d u c e d, h u m a n, as w ell as n at ur al c a pit al, a n d t h e s ust ai n a bilit y of 

e c o n o mi c d e v el o p m e nt r e q uir es m ai nt ai ni n g t h e v al u e of ass ets or c a pit al st o c ks t h at ar e 
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s u p p orti n g e c o n o mi c d e v el o p m e nt, u n d erst a n di n g h o w t h e v al u e of e c os yst e ms m a y b e 

c h a n gi n g i n o ur s o ci et y, r el ati v e t o t h e v al u e of ot h er c a pit al st o c ks is e xtr e m el y 

i m p ort a nt ( B ar bi er, 2 0 0 9). 

S oil	 E c o n o mi e s 	

T h e l a n d m a n a g er is t h e ulti m at e d et er mi n a nt of s oil q u alit y a n d h e alt h ( D or a n, 

2 0 0 2). S oil n ot o nl y pr o vi d es f o o d b ut is a n i m p ort a nt c o m p o n e nt of e c os yst e m f u n cti o n 

a n d m ai nt e n a n c e is of criti c al i m p ort a n c e wit hi n l o c al, r e gi o n al, a n d gl o b al 

e n vir o n m e nt al q u alit y ( D or a n, 2 0 0 2). T h e h e alt h of s oil c a n c h a n g e o v er ti m e, r e g ar di n g 

t h e eff e cts of n at ur al e v e nts or h u m a n i m p a cts, t h e s oils’ c o n diti o n is e n h a n c e d p ositi v el y 

or n e g ati v el y  b y m a n a g e m e nt a n d l a n d us e d e cisi o ns ( D or a n, 2 0 0 2). T h es e d e cisi o ns 

us u all y f o c us o n a si n gl e f u n cti o n s u c h as cr o p pr o d u cti vit y ( D or a n, 2 0 0 2). F or  o pti m al 

s oil h e alt h a b al a n c e of pr o d u cti vit y, e n vir o n m e nt al q u alit y, a n d pl a nt a n d a ni m al h e alt h 

is r e q uir e d ( D or a n, 2 0 0 2). A n i n di c at or of s ust ai n a bl e m a n a g e m e nt w o ul d b e t h e 

ass ess m e nt of s oil q u alit y or h e alt h a n d dir e cti o n of c h a n g e wit h ti m e ( D or a n,  2 0 0 2). T h e 

v ari o us t hr e ats t o t h e n at ur al pr o c ess t h at s ust ai n t h e gl o b al at m os p h er e a n d lif e o n e art h 

i n cl u d e i n cr e asi n g h u m a n p o p ul ati o ns, d e cr e asi n g r es o ur c es, s o ci al i nst a bilit y, a n d 

e n vir o n m e nt al d e gr a d ati o n ( C ost a n z a et al., 1 9 9 2; P ost el, 1 9 9 4, as c it e d i n D or a n, 2 0 0 2). 

Si n c e gr assl a n ds a n d  f or ests w er e c o n v ert e d t o a gri c ult ur e a n d c ulti v ati o n w as i niti at e d, 

t h e q u alit y of m a n y s oils i n N ort h A m eri c a  a n d els e w h er e, h as n oti c e a bl y  d e cli n e d 

( D or a n, 2 0 0 2). T his  h as o c c urr e d d u e t o t h e a p pli c ati o n of p ast m a n a g e m e nt of 

a gri c ult ur e a n d ot h er e c os yst e ms t o m e et t h e n e e ds of t h e i n cr e asi n g p o p ul ati o ns, w hi c h 

h as p ut a d a m p er o n t h e r esili e n c y of s oil’s n at ur al pr o c ess t o m ai nt ai n gl o b al b al a n c es of 
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e n er g y a n d m att er ( D or a n, 2 0 0 2). W h e n c o nsi d eri n g s o ci et y’s c o nti n u o us s e ar c h f or a 

hi g h er st a n d ar d of li vi n g a n d gr o wi n g p o p ul ati o n, t h e m ost pr essi n g c o n c er ns c o nsist of 

d e cli n es i n s p e ci es bi o di v ersit y, s p e ci es d e gr a d ati o n, a n d l oss of pr o d u cti v e a gri c ult ur al 

l a n d ( D or a n, 2 0 0 2). D uri n g t h e l ast d e c a d e in v e nt ori es of s oil pr o d u cti v e c a p a cit y 

i n di c at e t h at h u m a n i n d u c e d d e gr a d ati o n o c c urr e d o n n e arl y 4 0 % of t h e e art h’s ar a bl e 

l a n d ( Ol d e m a n, 1 9 9 4, as cit e d i n D or a n, 2 0 0 2). T his h as o c c urr e d as a r es ult of e xt e nsi v e 

s oil c ulti v ati o n, s oil er osi o n, o v er -gr a zi n g, l a n d cl e ari n g, s ali ni z ati o n, at m os p h eri c 

p oll uti o n, a n d d es ertifi c ati o n ( Ol d e m a n, 1 9 9 4, as cit e d i n D or a n, 2 0 0 2). T h e a c c el er ati o n  

of d e gr a d ati o n o v er t h e n e xt c e nt ur y b y t h e pr oj e ct e d d o u bli n g of t h e gl o b al p o p ul ati o n is 

of a t hr e at e ni n g c o n c er n t o s o ils a n d ot h er n at ur al r es o ur c es ( P o w er, 1 9 9 6; R utt a n, 1 9 9 9 

as cit e d i n D or a n, 2 0 0 2).   

W h e n c o nsi d eri n g s oil bi o di v ersit y a n d ass o ci at e d e c os yst e m s er vi c es t h er e ar e 

t w o m ai n e c o n o mi c  v al u e c o m p o n e nts, o ut p ut v al u e a n d i ns ur a n c e v al u e ( P as c u al, 2 0 1 5). 

A g o o d d efi niti o n of s oil bi o di v ersit y is t h e br e a dt h  of  s oil lif e fr o m g e n es t o 

c o m m u niti es a n d t h e e c ol o gi c al m e c h a nis ms  of w hi c h  t h e y ar e p art of, fr o m s oil mi cr o-

h a bit ats t o l a n ds c a p es ( P as c u al, 2 0 1 5). A cti o ns of s oil or g a nis ms t h at pr o vi d e v ari o us 

k n o w n e c os yst e m pr o c ess es t h at b e n efit p e o pl e c a n b e r ef err e d t o as s oil e c os yst e m 

s er vi c es ( P as c u al, 2 0 1 5). V ari o us s p e ci es wit hi n s oil h a v e diff er e nt j o bs or pr o vi d e 

diff er e nt s er vi c es, s o m e s p e ci es d e c o m p os e pl a nt m at eri al w hi c h pr o vi d es s oil f ertilit y 

a n d ot h ers pr o vi d e s oil str u ct ur e t hr o u g h t h eir a cti vit y ( P as c u al, 2 0 1 5). T h es e f u n cti o ns 

c a n b e t h o u g ht of as r e g ul ati n g s er vi c es. W hil e e v al u ati n g t h e e c o n o mi c vi e w p oi nt of s oil 

bi o di v ersit y t h e et hi c al or bi o c e ntri c r e as o ni n g s h o ul d n ot b e o v erl o o k e d, w hil e a n 

att e m pt is m a d e t o bri d g e t h e g a p b et w e e n s oil e c ol o g y a n d e c ol o gi c al e c o n o mi cs 
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( P as c u al, 2 0 1 5). S oil bi o di v ersit y c a n b e v al u e d as a n at ur al c a pit al ass et fr o m w hi c h a 

fl o w of e c os yst e m s er vi c es is pr o vi d e d ( P as c u al, 2 0 1 5). T his i d e a a n d e v al u ati o n s u g gests 

t h at t h er e is a n e c o n o mi c v al u e t o s oil bi o di v ersit y. D e pl eti n g s oil bi o di v ersit y r es ults i n 

a n ass o ci at e d c ost t o s o ci et y ( P as c u al, 2 0 1 5). T his c ost i n cr e as es w h e n miti g ati o n is 

i m pl e m e nt e d f or e n vir o n m e nt al i m p a cts or l a n d o w n ers a d di n g c ostl y i n p uts b e c a us e of 

t h e d e cli n e i n s oil e c os yst e m s er vi c es ( P as c u al, 2 0 1 5). U n a c c o u nt e d c osts b e ar a n eff e ct 

t h at c a n h a v e a n a d v ers e eff e ct o n s oil bi o di v ersit y as w ell as c o ntri b ut e t o a mis g ui d e d 

all o c ati o n of s c ar c e r es o ur c es ( P as c u al, 2 0 1 5). S oil e c os yst e m s e r vi c es h a v e diff er e nt 

v al u es t o t h e us ers of t h e s er vi c es, t h e s h ort r u n b e n efits a n d c osts ass o ci at e d wit h 

r u n ni n g d o w n t h e s oil bi o di v ersit y i n a n ar e a ar e oft e n o nl y r e ali z e d o v er diff er e nt ti m e 

s p a ns, w hi c h p os es a diffi c ult c h all e n g e ( P as c u al, 2 0 1 5). S oil N at ur al c a pit al i n t his 

c o nt e xt is c o nsi d er e d s oil bi o di v ersit y as a p ortf oli o of r es o ur c es t h at c a n b e b uilt u p or 

d e pl et e d ( P as c u al, 2 0 1 5). T his w e alt h c a n eit h er b e m ai nt ai n e d or r e d u c e d t hr o u g h 

i n v est m e nt d e cisi o ns ( P as c u al, 2 0 1 5). T hr o u g h t his l ogi c s oil bi o di v ersit y c a n b e vi e w e d 

as a n e c o n o mi c ass et a n d t h e fl o w of s oil e c os yst e m s er vi c es m a y b e i nt er pr et e d as t h e 

r et ur n of t h e i nt er est w e r e c ei v e fr o m t h at ass et ( P as c u al, 2 0 1 5). P er c e pti o n of t h e 

e x p e ct e d n et r et ur ns d et er mi n es d eli b er at e i n v es t m e nts b y f a m ers or p u bli c 

g o v er n m e nts/ a g e n ci es ( P as c u al, 2 0 1 5).   

T o esti m at e e c o n o mi c v al u es of s oil bi o di v ersit y it is n e c ess ar y t o h a v e 

q u a ntit ati v e e vi d e n c e li n ki n g s oil bi o di v ersit y wit h e c ol o gi c al pr o c ess es a n d s oil 

f u n cti o ni n g t h at l e a ds t o e c os yst em s er vi c es ( P as c u al, 2 0 1 5). T o li n k diff er e nt v al u e 

c o m p o n e nts of s oil bi o di v ersit y a n d e c os yst e m s er vi c es, t h e T ot al E c o n o mi c V al u e 

( T E V) of s oil bi o di v ersit y is us e d ( P as c u al, 2 0 1 5). T h e c h a n g e i n T E V t h at is us e d is t h e 
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c h a n g e i n t h e st o c k of s oil bi o di v ersit y t h at is q u a ntifi e d as t h e v al u e c h a n g es n o w i n t h e 

f ut ur e ( P as c u al, 2 0 1 5). T h e diff er e nt e c o n o mi c yi el ds  ass o ci at e d wit h t a n gi bl e b e n efits 

pr o vi d e d b y s oils i n a gi v e n st at e is r ef err e d t o as t h e T ot al O ut p ut V a l u e ( T O V) ( P as c u al, 

2 0 1 5). W h e n utili zi n g t h e T E V a n al o g y t h e T O V is t h e n l ar g el y d e p e n d e nt o n its us e 

v al u e ( P as c u al, 2 0 1 5). A n ot h er m ai n el e m e nt  of t h e v al u e of s oil bi o di v ersit y c o nsists of 

its c a p a bilit y  t o m ai nt ai n t h e pr o d u cti o n of e c os yst e m s er vi c es o v er ti m e, wit h 

c o nsi d er ati o n t o ris k a n d u n c ert ai nt y ( P as c u al, 2 0 1 5). T his c o n c e pt u al c o m p o n e nt is 

k n o w n as t h e N at ur al I ns ur a n c e V al u e ( NI V) a n d is cl os el y li n k e d t o t h e i d e a of s o ci o -

e c ol o gi c al r esili e n c e ( P as c u al, 2 0 1 5). “ T h e t ot al e c o n o mi c v al u e of s oil bi o di v ersit y is t h e 

s u m of T O V a n d NI V, i. e., t h e v al u e of t h e e x p e ct e d m e a n fl o w of e c os yst e m s er vi c es 

pl us its v ari a n c e r e d u ci n g a bilit y, ” ( P as c u al, 2 0 1 5). C h a n g es i n a gri c ult ur al s oil 

bi o di v ersit y a n d e c os yst e m s er vi c es h a v e i m p a cts o n p u bli c a n d pr i v at e v al u es wit hi n 

diff er e nt ti m es c al es ( P as c u al, 2 0 1 5). T his aff e cts t h e i nfl u e n c es of e n vir o n m e nt al a n d 

e c o n o mi c ris k f or f ar m ers or l a n d m a n a g ers ( P as c u al, 2 0 1 5). A c h a n g e i n m a n a g e m e nt 

str at e gi es t h at i m p a cts t h e pr o d u cti o n s yst e m c a n i n dir e ctl y c h a n g e s oil bi o di v ersit y, a n d 

t h us c h a n g e its v al u e ( P as c u al, 2 0 1 5). A g o o d e x a m pl e is f u el t a x ati o n. Pri v at e n at ur al 

i ns ur a n c e v al u e is “t h e c h a n g es i n m a n a g e m e nt t h at c a n a n d will i m pr o v e t h e a gri c ult ur al 

e c os yst e ms’ c a p a cit y of pr o d u ci n g t h e fl o w of e c os yst e m s er vi c es, ” ( P as c u al, 2 0 1 5). 

I m pr o v e m e nts c a n i n cl u d e i n cr e asi n g w at er filtr ati o n, i n cr e asi n g s oil or g a ni c m att er, or 

i n cr e asi n g w at er h ol di n g c a p a cit y, as w ell as gr o wi n g m or e v ari et y o f cr o ps t h at c a n 

b ett er c o p e wit h a d v ers e cli m ati c e n vir o n m e nts ( P as c u al, 2 0 1 5). 
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S oil	I m p o rt a n c e 	

T h e i m p ort a n c e of s oil t o s o ci et y is  u n d erst a n d a bl e  b ut, t h e v al u e all o c at e d t o t h e 

e n vir o n m e nt al s er vi c e s t h at ar e s u p p ort e d b y s oil m a y n ot b e e q u at e d  to t h e e ntir e v al u e 

of t h e s oil or t o v ari o us e n vir o n m e nts  t h e s oil c o ntri b ut es its i nfl u e n c e. S oil a n d t h e l a n d 

pr o vi d e m or e t h a n 9 9 % of h u m a n f o o d  t hr o u g h f ar mi n g a n d c ulti v ati o n of gr a zi n g 

a ni m als (J ó nss o n, 2 0 1 6). S oils als o pr o vi d e t h e n utri e nts n e e d e d f or v e g et ati o n gr o wt h, as 

w ell as a filt er t o cl e a n o ur dri n ki n g w at er (J ó nss o n, 2 0 1 6) . Milli o ns of s p e ci es c all s oil 

h o m e, a n d s oil e v e n pr o vi d es s oil bi ot a t h at d e c o m p os es d e a d or g a ni c m at eri al a n d w ast e . 

T wi c e as m u c h c ar b o n is st or e d i n t h e s oil as t h e bi os p h er e a n d t h e at m os p h er e (J ó nss o n, 

2 0 1 6). S oil s als o  h el p t o pr e v e nt fl o o ds a n d r e g ul at e w at er fl o ws. T h e str u ct ur al 

f o u n d ati o n f or h u m a n b uil di n g a cti viti es us u all y st arts wit h s oil (J ó nss o n, 2 0 1 6). V ari o us 

b uil di n g m at eri als  i n cl u di n g cl a y, r o c k, s a n d, et c. ar e pr o vi d e d b y s oil . M a n y c urr e nt 

m e di ci n es i n cl u di n g pr o bi oti cs a n d a nti bi o ti cs, ar e s o ur c e d  fr o m s oil (J ó nss o n, 2 0 1 6). 

S oil pr o vi d es  m or e t h a n dir e ct e c os yst e m s er vi c e s; s oil pr o vi d es s o ci et y wit h a 

f o u n d ati o n t o h u m a n hist or y a n d c ult ur al d e v el o p m e nt as w ell as pl a c es of r e cr e ati o n 

(J ó nss o n, 2 0 1 6).  

A g ri c ult u r al	 M et h o d s 	

Till a g e  of s oil is us e d t o pr e p ar e a s e e d b e d, kill w e e ds , i n c or p or at e n utri e nts, a n d  

m a n a g e cr o p r esi d u es ( U ni v ersit y of N e br as k a -Li n c ol n , 2 0 1 9). T h e g o al of a till a g e 

s yst e m is t o pr o vi d e a n a p pr o pri at e  e n vir o n m e nt  f or s e e d g er mi n ati o n a n d r o ot gr o wt h f or 

cr o p pr o d u ct i o n (U ni v ersit y of N e br as k a -Li n c ol n , 2 0 1 9). T hr o u g h o ut ti m e, tilli n g 

t e c h ni q u es h a v e c h a n g e d d u e t o n e w t e c h n ol o gi es al o n g wit h  t h e i n cr e as e d c ost of f u el 

a n d l a b or ( U ni v ersit y of N e br as k a -Li n c ol n , 2 0 1 9). D uri n g t h e pr o c ess, c o n v e nti o n al 
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till a g e m et h o ds br e a ks u p s oil str u ct ur e a n d d estr o ys pl a nt r esi d u e w hil e t ur ni n g t h e s oil 

(U ni v ersit y of N e br as k a -Li n c ol n , 2 0 1 9).  

N o -till c o ns er v ati o n pr a cti c es is a n a gri c ult ur al m et h o d t h at d o es n ot dist ur b t h e 

s oil b y tilli n g. N o till t e c h n ol o g y c a n b e c o nsi d er e d a l e a di n g a p pr o a c h t o s ust ai n a bl e 

cr o p pr o d u cti o n, t h at c a n a d dr ess s oil q u alit y as w ell as e n vir o n m e nt al c o n c er ns, wit hi n 

a gri c ult ur al a p pli c ati o ns (Bl a n c o -C a n q ui, H , 2 0 1 8). N o-till m a n a g e m e nt dist ur bs s oil 

l ess, l e a v es m or e r esi d u es o n t h e s oil s urfa c e t h a n c o n v e nti o n al till a g e s yst e ms, a n d als o 

i n cr e as es pl a nt a v ail a bl e w at er i n m ost c as es (Bl a n c o -C a n q ui, H , 2 0 1 8). T h o us a n ds of 

p or es will b e cr e at e d b y r o ots, f u n g al h y p h a e, s urf a c e a n d d e e p d w elli n g e art h w or ms, a n d 

m a n y ot h er t y p es of or g a nis ms, l e a vi n g t h e s oil m atri x fir m y et p erf or at e d ( N at ur al 

R es o ur c es C o ns er v ati o n S er vi c e P e n ns yl v a ni a, n. d.) . Mi cr o b es ar e a n i m p ort a nt i n di c at or 

of s oil h e alt h, a n d s o m e of t h es e mi cr o b es ar e hi g hl y s e nsiti v e t o till a g e ( N at ur al 

R es o ur c es C o ns er v ati o n S er vi c e P e n ns yl v a ni a, n. d.) . Till a g e c a n disr u pt t h e mi cr o bi al 

bi o m ass a n d t h e s oil bi ol o gi c al c o m m u nit y h as t o r e b uil d its elf aft er b ei n g till e d ( N at ur al 

R es o ur c es C o ns er v ati o n S er vi c e P e n ns yl v a ni a, n. d.) .  

Ot h er c o m m o n c o ns er v ati o n m et h o ds c o nsist of C o v er Cr o ps, a n d Cr o p R ot ati o n. 

Cr o p r ot ati o n c a n b e d efi n e d as a s yst e m ati c or r e c urr e nt s e q u e n c e of cr o ps gr o w n o v er a 

n u m b er of cr o p pi n g s e as o ns ( R e e v es, 1 9 9 4). A cr o p pi n g s e as o n s h o ul d b e c o nsi d er e d a 

u nit of ti m e r at h er t h a n y e ars ( R e e v es, 1 9 9 4). T h e gr o wi n g s e as o n  all o ws f or m or e t h a n 

o n e cr o p t o b e gr o w n p er y e ar ( R e e v es, 1 9 9 4). Cr o ps us e d wit hi n cr o p r ot ati o ns ar e 

g e n er all y d et er mi n e d b y e c ol o gi c al a n d e c o n o mi c f a ct ors ( R e e v es, 1 9 9 4). Cr o p r ot ati o n 

pr o vi d es a pri n ci p al m e c h a nis m f or b uil di n g h e alt h y s oils, a m aj o r w a y t o c o ntr ol p ests, 

a n d a v ari et y of ot h er b e n efits ( M o hl er, 2 0 0 9). T o eff e cti v el y p erf or m g o o d cr o p r ot ati o n 



 

2 3  
 

l o n g-t er m str at e gi c pl a n ni n g n e e ds t o b e i m pl e m e nt e d ( M o hl er, 2 0 0 9). F ar m ers d esi g n 

t h e fi el d r ot ati o ns t o e ar n i n c o m e, i n cr e as e s oil q u alit y, or b uil d s oil v al u e ( M o hl er, 

2 0 0 9). R ot ati o ns f or e x p ert f ar m ers c o nsist of k e y c as h cr o ps, “fill er ” or “ br e a k ” cr o ps, 

a n d c o v er cr o ps ( M o hl er, 2 0 0 9). F ar m ers m ust m a n a g e r ot ati o ns f or e a c h fi el d t h e y 

m a n a g e, a n d t h e r e alit y of t h at m a n a g e m e nt is a p pl yi n g t h e n e e ds t o i n di vi d u al fi el ds or 

b e ds, b e c a us e e a c h fi el d t e n ds t o h a v e its o w n disti n ct s e q u e n c e, of cr o ps, till a g e a n d 

a m e n d m e nts , as w ell as its o w n cr o p pi n g hist or y ( M o hl er, 2 0 0 9).  

C o v er cr o ps ar e gr o w n s p e cifi c all y f or c o v eri n g t h e gr o u n d t o  pr ot e ct t h e s oil 

fr o m er osi o n a n d l oss of pl a nt n utri e nts t hr o u g h l e a c hi n g a n d r u n off ( P ar k er, 1 9 1 5; 

Pi et ers a n d M c K e e, 1 9 3 8 , as cit e d b y R e e v es, 1 9 9 4). C o v er cr o ps i n cr e as e s urf a c e 

r esi d u e, ai d e i n t h e r e d u cti o n of s oil er osi o n, i m pr o v e w at er h ol di n g c a p a cit y, a n d 

i n cr e as e t h e eff e cti v e n ess of N f ertili z er ( L u, 2 0 0 0). T h e us e of c o v er cr o ps is a n ol d 

a p pli c ati o n t h at h as b e e n us e d t hr o u g h o ut hist or y ( L u, 2 0 0 0). I n e arli er ti m es c o v er cr o ps 

w er e us e d t o b e pl o u g h e d u n d er as gr e e n m a n ur es or us e d  as a ni m al f e e d wit hi n dr o u g ht 

s e as o ns ( L u, 2 0 0 0). I n m o d er n ti m es t h e us e of c o v er cr o ps h as tr a nsiti o n e d i nt o us es 

wit hi n n o -till a g e, or r e d u c e d till a g e a gri c ult ur al m a n a g e m e nt pr o c ess es ( L u, 2 0 0 0). 

Wit hi n t h es e m o d er n pr a cti c es c o v er cr o ps ar e us e d t o r e pl a c e pl asti c m ul c h es, s u p pr ess 

w e e ds, r e d u c e s oil er osi o n, m ai nt ai n s oil m oist ur e, a n d m a k e b ett er us e of t h e e xisti n g 

n utri e nt c o nt e nt ( L u, 2 0 0 0). C o v er cr o ps c a n b e c o nsi d er e d s h ort -t er m r ot ati o ns ( R e e v es, 

1 9 9 4). T h e m ai n t y p es of c o v er cr o ps c o nsist o f l e g u m es, a n d n o n-l e g u m e cr o ps ( R e e v es, 

1 9 9 4). S o m e c o m m o n n o n -l e g u m e c o v er cr o ps ar e w h e at, b arl e y, a n d r y e, or ot h er 

c er e als ( R e e v es, 1 9 9 4). S o m e c o m m o n l e g u m e c o v er cr o ps ar e cl o v ers, p e as, l u pi ns, a n d 

v et c h ( R e e v es, 1 9 9 4).  
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T o a d dr ess t h e e c o n o mi c v al u e of  s oils u n d er  v ari o us a gri c ult ur al pr a cti c es, s oil 

pr o p erti es c a n b e c o m p ar e d as a b as eli n e f or s oil h e alt h. I n a d diti o n, c o nsi d er ati o n of 

e c os yst e m s er vi c es t h at ar e aff e ct e d  a n d r e al -est at e l a n d v al u es  m ust b e t a k e n i nt o 

c o nsi d er ati o n.  It is w ell k n o w n t h at s oil is t h e f o u n d ati o n t o lif e, wit h e c o n o mi c v al u e 

o nl y b ei n g ass o ci at e d t o l a n d v al u e, w hil e t h er e is o b vi o us i m p a ct of e c os yst e m s er vi c es 

t o t h e s urr o u n di n g e n vir o n m e nt as w ell as yi el d p ot e nti al i n a gri c ult ur al s etti n gs.  

S oil	 P a r a m et e r s 	

B ul k	 D e nsit y 	

B ul k d e nsit y is c o nsi d er e d t h e w ei g ht of s oil i n a gi v e n v ol u m e. S oils t h at h a v e a 

b ul k d e nsit y of 1. 6 g/ c m 3 t e n d t o r estri ct r o ot gr o wt h ( Br o w n, & W h err ett, A. 2 0 2 1 ). S oil 

b ul k d e nsit y a n d s oil p or osit y r efl e ct t h e si z e, s h a p e a n d arr a n g e m e nt of p arti cl es or v oi ds 

wit hi n t h at p arti c ul ar s oil’s str u ct ur e ( Br o w n, & W h err ett, A. 2 0 2 1 ). A m or e d esir a bl e 

s oil s h o ul d h a v e a l o w b ul k d e nsit y, w hi c h all o ws f or o pti m u m m o v e m e nt of air a n d 

w at er t hr o u g h o ut s oils ( Br o w n, & W h err ett, A. 2 0 2 1 ). S a n d y s oils t e n d t o h a v e hi g h er 

b ul k d e nsiti es at ( 1. 3 -1. 7 g/ c m 3) d u e t o l ar g er, b ut f e w er p or e s p a c es ( Br o w n, & W h err ett, 

A. 2 0 2 1 ). Silt y a n d cl a y s oils h a v e b ul k d e nsit y c o n c e ntr ati o ns of ( 1. 1-1. 6 g/ c m 3) ( Br o w n,  

& W h err ett, A. 2 0 2 1 ). Wit hi n cl a y s oils t h at h a v e g o o d s oil str u ct ur e, t h er e is a gr e at er 

a m o u nt of p or e s p a c e b e c a us e of s m all er p arti cl es, a n d t h e i n cr e as e of p or e s p a c es t h at fit 

i n-b et w e e n t h e m ( Br o w n, & W h err ett, A. 2 0 2 1 ). S oils t h at ar e ri c h i n or g a ni c m att er c a n 

h a v e b ul k d e nsiti es of l ess t h a n 0. 5 g/ c m 3 ( Br o w n, & W h e rr ett, A. 2 0 2 1). B ul k d e nsit y 

i n cr e as es wit h c o m p a cti o n at d e pt h. T h e f a ct ors t h at ar e c o nsi d er e d t h e m ost criti c al 

wit hi n e x c essi v el y c o m p a ct e d s oils ar e a er ati o n a n d p e n etr ati o n r esist a n c e ( All m ar as et 

al., 1 9 8 8; H a Ê k a nss o n et al., 1 9 8 8; B o o n e a n d V e e n, 1 9 9 4; Li pi e c a n d Si m ot a, 1 9 9 4, as 
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cit e d i n H å k a nss o n , 2 0 0 0). S oils ar e c o m p os e d of s oli ds s u c h as mi n er als a n d or g a ni c 

m att er, as w ell as p or es t h at h ol d air a n d w at er ( C h a u d h ari, 2 0 1 3). B ul k d e nsit y v ari es 

wit h s oil str u ct ur e c o n diti o ns ( C h a u d h ari, 2 0 1 3).  B ul k d e nsit y i n cr e as es wit h pr ofil e 

d e pt h, d u e t o c h a n g es i n or g a ni c m att er, p or osit y, a n d c o m p a cti o n ( C h a u d h ari, 2 0 1 3). I n 

a n i d e al sit u ati o n t h e s oil w o ul d  b e c a p a bl e of h ol di n g s uffi ci e nt air a n d w at er t o m e et t h e 

n e e ds of pl a nts wit h a d e q u at e p or osit y f or f a v or a bl e r o ot p e n etr ati o n, w hil e t h e mi n er al 

p arti cl es of s oil pr o vi d e p h ysi c al s u p p ort as w ell as pl a nt ess e nti al n utri e nts ( C h a u d h ari, 

2 0 1 3). B ul k  d e nsit y is i nfl u e n c e d b y t h e a m o u nt of or g a ni c m att er, s oil t e xt ur e, 

c o nstit u e nt mi n er als, a n d s oil p or osit y ( C h a u d h ari, 2 0 1 3). Wit hi n m a n a g e m e nt of l a n d 

a n d a gri c ult ur al pr o c ess es it is ess e nti al t o h a v e k n o wl e d g e of s oil b ul k d e nsit y, a n d s oil 

c o m p a cti o n ( C h a u d h ari, 2 0 1 3).   

P o r osit y 	

P or e c h ar a ct eristi cs i nfl u e n c e n u m er o us f u n cti o ns i n s oils ( Li pi e c, 2 0 0 6). A n 

i m p ort a nt f u n cti o n of s oil is m o v e m e nt  of  w at er, w hi c h dir e ctl y aff e cts pl a nt pr o d u cti vit y 

as w ell as t h e e n vir o n m e nt ( Li pi e c, 2 0 0 6). T h e i nfiltr ati o n of w at er i n cr e as es w at er 

st or a g e f or pl a nts ( Li pi e c, 2 0 0 6). W at er i nfiltr ati o n als o i n cr e as es gr o u n d w at er r e c h ar g e 

a n d r e d u c es er osi o n ( Li pi e c, 2 0 0 6). P or e si z e distri b uti o n a n d t h e st a bilit y  of p or es or 

p at h w a ys c o ntr ols t h e r at e of i nfiltr ati o n ( K utı´l e k, 2 0 0 4, as cit e d b y ( Li pi e c, 2 0 0 6). A 

s oil m atri x wit h m a cr o -p or es off ers gr e at er p ot e nti al f or u n dist u r b e d r o ot gr o wt h ( Li pi e c, 

2 0 0 6). R o ots c a n b y p ass t h e z o n es of hi g h r esist a n c e ( Gli n´s ki a n d Li pi e c, 1 9 9 0; Li pi e c 

a n d H at a n o, 2 0 0 3, as cit e d b y ( Li pi e c, 2 0 0 6). M a cr o p or es ar e r el ati v el y i m p er vi o us t o 

v erti c al c o m pr essi o n ( Al a k u k k u, 1 9 9 6, as cit e d b y ( Li pi e c, 2 0 0 6). S oils m a n a g e d u n d er  

c o n v e nti o n al till a g e m et h o ds, g e n er all y h a v e l o w er b ul k d e nsit y,  a n d ass o ci at e d hi g h er 
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p or osit y wit hi n t h e pl o w  l a y er t h a n u n d er n o-till m a n a g e m e nt m et h o ds ( Li pi e c, 2 0 0 6). 

C h a n g es i n t ot al p or osit y ar e r el at e d wit h  alt er ati o ns i n p or e si z e distri b uti o n ( Li pi e c, 

2 0 0 6).  

p H 	

S oil p H i nfl u e n c es a m yri a d of s oil bi ol o gi c al, c h e mi c al, p h ysi c al pr o p erti es, a n d 

pr o c ess es t h at aff e ct pl a nt gr o wt h as w ell as bi o m ass yi el d ( N ei n a, 2 0 1 9). T h e 

bi g e o c h e mi c al pr o c ess es of s oil ar e  h e a vil y i nfl u e n c e d b y s oil p H v al u es ( N ei n a, 2 0 1 9). 

p H t o s oil c a n b e c o m p ar e d t o a h u m a n’s t e m p er at ur e w h e n b ei n g m e di c all y di a g n os e d 

( N ei n a, 2 0 1 9). S oil p H c a n gi v e hi nts of t h e s oil st at e a n d t h e e x p e ct e d  dir e cti o n of m a n y 

s oil pr o c ess es (l e ct ur e s t at e m e nt, E m erit us Pr of. Eri c V a n R a nst, G h e nt U ni v ersit y, as 

cit e d b y N ei n a, 2 0 1 9). p H i n s oil is c o ntr oll e d b y t h e l e a c hi n g of b asi c c ati o ns c o nsisti n g 

of C a, M g, K, N a, w hi c h l e a v es H + a n d A 3 + t o b e t h e d o mi n a nt e x c h a n g e a bl e c ati o ns 

( N ei n a, 2 0 1 9). S oil bi ol o g y a n d bi ol o gi c al pr o c ess es c a n b e c o ntr oll e d b y p H ( N ei n a, 

2 0 1 9). T h e p H wit hi n s oil c a us es i m pli c ati o ns f or n utri e nt r e c y cli n g, a n d a v ail a bilit y f or 

cr o p pr o d u cti o n, a n d distri b uti o n of h ar mf ul s u bst a n c es i n t h e e n vir o n m e nt, wit h r e g ar ds 

t o t h eir r em o v al or tr a nsl o c ati o n ( N ei n a, 2 0 1 9). Bi o g e o c h e mi c al pr o c ess es t h at p H h as a n 

eff e ct  o n i n cl u d e: bi o d e gr a d ati o n of or g a ni c p oll ut a nts, r hi z os p h er e pr o c ess es, or g a ni c 

a m e n d m e nts, diss ol uti o n of or g a ni c m att er a n d h e a v y m et als, nitrifi c ati o n a n d 

d e nitrifi c at i o n, mi cr o bi al e c o p h ysi ol o gi c al i n di c at ors, s oil e n z y m e a cti viti es, pr e ci pit ati o n 

or or g a ni c m att er a n d h e a v y m et als, a m m o ni a v ol atili z ati o n, as w ell as mi n er ali z ati o n of 

or g a ni c m att er ( N ei n a, 2 0 1 9). S oil p H is a m e as ur e m e nt of s oil a ci dit y or al k ali nit y  

(N at ur al R es o ur c es C o ns er v ati o n S er vi c e , n. d.) . N at ur al s oil p H r efl e cts t h e c o m bi n e d 

eff e cts of s oil f or mi n g f a ct ors  (N at ur al R es o ur c es C o ns er v ati o n S er vi c e , n. d.) . T h es e 
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f a ct ors i n cl u d e: p ar e nt m at eri al, ti m e, r eli ef or t o p o gr a p h y, cli m at e, a n d or g a nis ms 

(N at ur al R es o ur c es C o ns er v ati o n S er vi c e , n. d.) . N e wl y f or m e d s oils’ p H is d et er mi n e d b y 

mi n er als i n t h e s oil’s p ar e nt m at eri al  (N at ur al R es o ur c es C o ns er v ati o n S er v i c e, n. d.) . p H 

c a n aff e ct cr o p yi el ds, cr o p s uit a bilit y, pl a nt n utri e nt a v ail a bilit y, a n d s oil mi cr o -or g a nis m 

a cti vit y  (N at ur al R es o ur c es C o ns er v ati o n S er vi c e , n. d.) . T h e t e m p er at ur e a n d r ai nf all i n 

a n ar e a c o ntr ol l e a c hi n g i nt e nsit y a n d s oil mi n er al w e at h eri n g  (N at ur al R es o ur c es 

C o ns er v ati o n S er vi c e , n. d.) . W h e n i n w ar m a n d h u mi d cli m at es s oil p H d e cr e as es o v er 

ti m e wit hi n a pr o c ess r ef err e d t o as s oil a ci difi c ati o n (N at ur al R es o ur c es C o ns er v ati o n 

S er vi c e , n. d.) . Wit hi n dr y er cli m at es s oil w e at h eri n g a n d le a c hi n g ar e l ess i nt e ns e a n d p H 

c a n b e n e utr al or al k ali n e  (N at ur al R es o ur c es C o ns er v ati o n S er vi c e , n. d.) . Hi g h er cl a y 

a n d or g a ni c m att er c o nt e nt s oils h a v e t h e a bilit y t o r esist a dr o p or ris e i n p H b ett er t h a n 

s a n di er s oils  (N at ur al R es o ur c es C o ns er v ati o n S er vi c e , n. d.) .  

S ali nit y 	

S ali ni z ati o n c a n aff e ct vit al e c ol o gi c al a n d n o n -e c ol o gi c al s oil f u n cti o ns. N at ur al 

a n d t h e m a n -m a d e e n vir o n m e nt c a n b e dri v ers of s ali ni z ati o n ( D ali a k o p o ul os, 2 0 1 6). T h e 

t er m s ali ni z ati o n r ef ers t o s oils t h at c a n b e c at e g ori z e d as s ali n e, s o di c, a n d al k ali n e ( v a n 

B e e k a n d T ót h, 2 0 1 2  as cit e d b y D ali a k o p o ul os, 2 0 1 6). T h es e s oils c a n b e d efi n e d as hi g h 

s alt c o n c e ntr ati o n, hi g h s o di u m c ati o n c o n c e ntr ati o n, a n d hi g h p H ( D ali a k o p o ul os, 2 0 1 6). 

Hi g h s ali ni z ati o n l e v els c a n e v e nt u all y e v ol v e i nt o s o ci o c ult ur al or h u m a n h e alt h iss u es 

d u e t o t h e r es ult of e m er gi n g r es o ur c es, g o o ds a n d s er vi c es o f s oil aff e cti n g  a gri c ult u r al 

pr o d u cti o n as w ell as e n vir o n m e nt al h e alt h ( D ali a k o p o ul os, 2 0 1 6). S oil s ali ni z ati o n 

c o v ers 9 3 2. 2 M h a gl o b all y a n d is a wi d es pr e a d p h e n o m e n o n ( R e n g as a m y, 2 0 0 6, as cit e d 

b y D ali a k o p o ul os, 2 0 1 6). S oil s ali ni z ati o n h ots p ots ar o u n d t h e w orl d i n cl u d e P a kist a n, 



 

2 8  
 

C hi n a, U nit e d St at es, I n di a, Ar g e nti n a, S u d a n,  a n d m a n y c o u ntri es i n c e ntr al a n d w est er n 

Asi a ( A q u ast at, 2 0 1 6; G h ass e mi et al., 1 9 9 5, as cit e d b y D ali a k o p o ul os, 2 0 1 6). T h e 

d e v el o p m e nt of s alts t hr o u g h n at ur al pr o c ess es w hi c h i n cl u d es p h ysi c al or c h e mi c al 

w e at h eri n g as w ell as tr a ns p ort fr o m p ar e nt m at eri al, g e ol o gi c pr o c ess es or vi a gr o u n d 

w at er c a n b e r ef err e d t o as pri m ar y s ali ni z ati o n ( D ali a k o p o ul os, 2 0 1 6). S e c o n d ar y 

s ali ni z ati o n als o e xists, a n d c o nsists of h u m a n i n v ol v e m e nts, m ai nl y irri g ati o n wit h s ali n e 

w at er, or ot h er ill-s uit e d  irri g ati o n pr a cti c es c o u pl e d wit h p o or dr ai n a g e c o n diti o ns ( F a n 

et al., 2 0 1 2; Tr n k a et  al., 2 0 1 3 , as cit e d b y ( D ali a k o p o ul os, 2 0 1 6). N o l a n d is i n v ul n er a bl e 

fr o m s ali ni z ati o n. S alt aff e ct e d s oils us u all y h a v e l o w bi ol o gi c al a cti vit y ( P ess ar a kli, 

1 9 9 9). T his is d u e t o os m oti c a n d i o ni c eff e cts of s alts a n d li mit ati o n of c ar b o n a c e o us 

s u bstr at es ( P e ss ar a kli, 1 9 9 9). S alt aff e ct e d s oils ar e aff e ct e d i n t h e d e v el o p m e nt of 

p h ysi c al, c h e mi c al,  a n d bi ol o gi c al c h ar a ct eristi cs e v e nt u all y eff e cti n g t h e s oil’s f ertilit y 

( P ess ar a kli, 1 9 9 9). Hi g h el e ctr ol yt e c o n c e ntr ati o n is t h e c o m m o n f e at ur e b et w e e n all s alt 

ef f e ct e d s oils ( P ess ar a kli, 1 9 9 9).  

S oil	 T e xt u r e 	

T h e f or m ati o n of s oil is t h e r es ult of s oil f or mi n g f a ct ors. S oil f or mi n g f a ct ors 

c o nsist of p ar e nt m at eri al, cli m at e, bi ol o gi c al a cti vit y, t o p o gr a p h y, a n d ti m e (J aj a, 2 0 1 6). 

O n e of t h e m ost i m p ort a nt pr o p erti es of s oil is t e xt ur e (J aj a, 2 0 1 6). S oil t e xt ur e aff e cts 

cr o p pr o d u cti o n, l a n d us e, a n d m a n a g e m e nt (J aj a, 2 0 1 6). T h e t e xt ur e of a s oil is 

c o nsi d er e d a p er m a n e nt s oil attri b ut e ( Br a d y a n d W eil 2 0 0 7, as cit e d b y J aj a, 2 0 1 6). 

T h er e ar e 1 2 diff er e nt s oil t e xt u r al cl ass es fr o m t h e U S D A-N R C S s oil tri a n gl e t h at a s oil 

c a n b e c at e g ori z e d i n (J aj a, 2 0 1 6). G e n er all y, s oil c a n b e c at e g ori z e d i n f o ur m aj or 

t e xt ur al cl ass es (J aj a, 2 0 1 6). T h e cl ass es ar e s a n ds, silts, l o a ms, a n d cl a ys ( B err y et al. 
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2 0 0 7 , as cit e d b y J aj a, 2 0 1 6). A s oil’s c h ar a ct eristi c is d et er mi n e d b y t h e d o mi n a nt 

p arti cl e wit hi n e a c h cl ass (J aj a, 2 0 1 6). S oil t e xt ur e i nfl u e n c es s oil pr o p erti es i n cl u di n g 

dr ai n a g e, w at er -h ol di n g c a p a cit y, a er ati o n, s us c e pti bilit y t o er osi o n, or g a ni c m att er 

c o nt e nt, c ati o n e x c h a n g e c a p a cit y, p H b uff eri n g c a p a cit y, as w ell as s oil tilt h ( B err y et al. 

2 0 0 7 , as cit e d b y J aj a, 2 0 1 6). S oil t e xt ur e c a n h el p t o u n d erst a n d t h e a g e of t h e s oil, as 

w ell as t h e s oil d e v el o p m e nt pr o c ess ( Hrist o v, 2 0 1 3). St u d yi n g s oil t e xt ur e i n t h e fi el d 

a n d l a b or at or y is t h e first n e c ess ar y st e p i n r es e ar c h of s oil as a n at ur al b o d y  ( Dil k o v a, 

1 9 8 9, as cit e d b y Hrist o v, 2 0 1 3).  

N ut ri e nts 	

Pl a nts r e q uir e 1 4 mi n er al el e m e nts f or a d e q u at e n utriti o n o utsi d e of o x y g e n, 

c ar b o n di o xi d e a n d w at er ( M ars c h n er, 1 9 9 5; M e n g el et al., 2 0 0 1, as cit e d b y W hit e, 

2 0 1 0). W h e n t h er e is a d efi ci e n c y i n a n y  of t h es e el e m e nts t h er e c a n b e a r e d u cti o n of 

pl a nt gr o wt h ( W hit e, 2 0 1 0). T h e el e m e nts Nitr o g e n, P h os p h or us, P ot assi u m, C al ci u m, 

M a g n esi u m, a n d S ulf ur ar e r e q uir e d i n l ar g e a m o u nts  wit hi n s oil . Ot h er el e m e nts s u c h as: 

C hl ori n e, B or o n, Ir o n, M a n g a n es e, C o p p er, Zi n c, Ni c k el, a n d M ol y b d e n u m ar e r e q uir e d 

i n s oil wit hi n s m all er a m o u nts ( W hit e, 2 0 1 0).  I n ar e as w h er e t h es e el e m e nts ar e l ess 

a v ail a bl e, f ertili z ers ar e us u all y a p pli e d t o i n cr e as e yi el d ( W hit e, 2 0 1 0). W h e n us e d i n 

a gri c ult ur e , f ertili z ers als o c o ntri b ut e t o e n vir o n m e nt al p oll uti o n ( W hit e, 2 0 1 0). A m aj or 

c o ntri b ut or t o e utr o p hi c ati o n pr o c ess i n w at ers is t h e us e of N a n d P f ertili z ers ( C o nl e y et 

al., 2 0 0 9; W hit e a n d H a m m o n d, 2 0 0 9, as cit e d b y W hit e, 2 0 1 0).  

P h o s p h o r u s 	

T h e s e c o n d m ost i m p ort a nt cr o p n ut ri e nt aft er nitr o g e n is P h os p h or us. P h os p h or us 

pl a ys a r ol e i n p h ot os y nt h esis, r es pir ati o n, e n er g y st or a g e, tr a nsf er, c ell di visi o n, c ell 
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e nl ar g e m e nt, a n d nitr o g e n fi x ati o n ( M w e n d e M ui n di , 2 0 1 9). P h os p h or us als o pl a ys a n 

i m p ort a nt r ol e wit hi n s e e d g er mi n ati o n, s e e dli n g est a blis h m e nt, r o ot, s h o ot, fl o w er, a n d 

s e e d d e v el o p m e nt ( M w e n d e M ui n di , 2 0 1 9). A k e y n utri e nt f or hi g h er s ust ai n e d 

a gri c ult ur al pr o d u cti vit y is p h os p h or us a n d  is a li mit er f or pl a nt gr o wt h i n m a n y s oils 

(M w e n d e M ui n di , 2 0 1 9). T h e m ost c o m m o n n utriti o n al str ess i n t h e w orl d is p h os p h or us 

d efi ci e n c y ( M w e n d e M ui n di , 2 0 1 9). P h os p h or us d efi ci e n c y c a us es p o or pl a nt r o ot 

f or m ati o n, sl o w d e v el o p m e nt, p o or s e e d s et a n d fr uit f or m ati o n, as w ell as l o w a n d p o or 

cr o p yi el ds ( M w e n d e M ui n di , 2 0 1 9).  

Nit r o g e n 	

O n e of t h e m ai n el e m e nts t h at h a v e a vit al i m p ort a n c e wit hi n bi ol o gi c al lif e o n 

e art h is Nitr o g e n ( Li, 2 0 1 4). Nitr o g e n e xists i n t h e lit h os p h er e, at m os p h er e, h y dr os p h er e, 

a n d t h e bi os p h er e ( Li, 2 0 1 4). A n i n -b et w e e n s p h er e c o nt ai ni n g s oil is r ef err e d t o as t h e 

p e d os p h er e a n d h el ps t o b e a tr a nsf er p oi nt f or nitr o g e n ( Li, 2 0 1 4). Nitr o g e n is a n 

ess e nti al c o nstit u e nt f or a pl a nt’s n e e d e d pr ot ei n. Nitr o g e n i n cr e as es cr o p yi el d, a n d 

i m pr o v es f o o d q u alit y ( L e g h ari, 2 0 1 6). A n o pti m u m r at e of nitr o g e n c a n i n cr e ase 

p h ot os y nt h eti c pr o c ess es, l e af ar e a pr o d u cti o n, l e af ar e a d ur ati o n, t h e m a xi m u m l e af ar e a, 

a n d t h e t ot al l e af bi o m ass of pl a nts ( L e g h ari, 2 0 1 6). All pl a nts r e q uir e a b al a n c e d a m o u nt 

of nitr o g e n f or vi g or o us gr o wt h a n d d e v el o p m e nt al pr o c ess es  ( L e g h ari, 2 01 6). Nitr o g e n 

sti m ul at es r o ot gr o wt h, i m p arts d ar k gr e e n c ol or i n pl a nts, pr o m ot es l e a v es, st e m a n d 

ot h er v e g et ati v e p art’s gr o wt h a n d d e v el o p m e nt ( L e g h ari, 2 0 1 6). A d efi ci e n c y i n nitr o g e n 

c a n c a us e r e d u c e d gr o wt h, a p p e ar a n c e of c hl or osis, a p p e ar a n c es of r e d a n d p ur pl e s p ots 

o n t h e l e a v es, as w ell as t h e r estri cti o n of l at er al b u d gr o wt h ( L e g h ari, 2 0 1 6). Nitr o g e n is 
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a p pli e d t o pl a nts t hr o u g h s oil a n d t h e n a d d e d b a c k t o s oil t hr o u g h pl a nt r esi d u e d uri n g t h e 

d e c o m p ositi o n pr o c ess ( L e g h ari, 2 0 1 6).  

 

Fi g ur e 2  T a bl e s h o w c asi n g ess e nti al el e m e nts f or pl a nts a n d a ni m als ( W hit e, 2 0 1 0).  

% S oil	 O r g a ni c	 M att e r 	

A k e y c o m p o n e nt t o s oil e c os yst e ms is s oil or g a ni c m att er ( S p ai n, 1 9 8 3). 

V ari ati o ns i n s oil or g a ni c m att er h as pr of o u n d eff e cts o n m a n y of t h e pr o c ess es t h at o c c ur 

i n t h e s yst e m ( S p ai n, 1 9 8 3). I n cl u d e d i n s oil or g a ni c m att er is a n y pl a nt, or a ni m al 

m at eri al t h at r et ur ns t o t h e s oil a n d g o es t hr o u g h t h e d e c o m p ositi o n pr o c ess ( B ot, 2 0 0 5). 

Or g a ni c m att er als o pr o vi d es n utri e nts a n d h a bit ats t o or g a nis ms li vi n g i n t h e s oil ( B ot, 

2 0 0 5). A n ot h er f u n cti o n of s oil or g a ni c m att er is t h at it bi n ds s oil p arti cl es i nt o 

a g gr e g at es a n d i m pr o v es w at er h ol di n g c a p a cit y ( B ot, 2 0 0 5). It is ess e nti al t o s oil f ertilit y 

t h at n utri e nt e x c h a n g es b et w e e n or g a ni c matt er, w at er, a n d s oil b e m ai nt ai n e d f or 

s ust ai n a bl e pr o d u cti o n p ur p os es ( B ot, 2 0 0 5). S oil f ertilit y oft e n d e cli n es wit h e x pl oit ati o n 
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of s oil or g a ni c m att er f or cr o p pr o d u cti o n ( B ot, 2 0 0 5). W h e n t his h a p p e ns wit h o ut 

r e p airi n g t h e or g a ni c m att er a n d n utri e nt c o nt e nts, m ai nt ai ni n g a g o o d str u ct ur e a n d 

n utri e nt c y cl es ar e br o k e n, as w ell as t h e a gr o -e c os yst e m b e c o mi n g d estr o y e d ( B ot, 

2 0 0 5). Pl o u g hi n g, dis c -till a g e, a n d v e g et ati o n b ur ni n g i n cr eas e t h e s p e e d of  t h e 

d e c o m p ositi o n of s oil or g a ni c m att er as w ell as l e a v es t h e  s oil s us c e pti bl e t o wi n d a n d 

w at er er osi o n ( B ot, 2 0 0 5). S oil or g a ni c m at eri al c o nt e nt is a f u n cti o n. T his f u n cti o n 

i n cl u d es i n p uts of r esi d u es a n d r o ots a n d litt er d e c o m p ositi o n ( B ot, 2 0 0 5). T h e or g a ni c 

c o m p o n e nt of s oil is k n o w n as S O M or S oil Or g a ni c M a tt er. S oil or g a ni c m att er c o nsists 

of t hr e e pri m ar y p arts: s m all pl a nt r esi d u es a n d s m all li vi n g or g a nis ms (fl es h), 

d e c o m p osi n g or g a ni c m att er ( a cti v e), a n d st a bl e or g a ni c m att er ( h u m us)  (N ati o n al 

R es o ur c es C o ns er v ati o n S er vi c e, U S D A , n. d.) . T h e s er vi c es pr o vi d e d b y s oil or g a ni c 

m att er i n cl u d e: a r es er v oir of n utri e nts f or cr o ps, pr o vi d es s oil a g gr e g ati o n, i n cr e as es 

n utri e nt e x c h a n g e, r et ai ns m oist ur e, r e d u c es c o m p a cti o n, r e d u c es s urf a c e cr usti n g, a n d 

i n cr e as es w at er i nfiltr ati o n i nt o s oil (N ati o n al R es o ur c es C o ns er v ati o n S er vi c e, U S D A , 

n. d.) . Or g a ni c m att er d e c o m p ositi o n is aff e ct e d b y cli m ati c c o n diti o ns s u c h as r ai nf all, 

t e m p er at ur e, m oist ur e, a n d s oil a er ati o n (N ati o n al R es o ur c es C o ns er v ati o n S er vi c e, 

U S D A , n. d.) . N at ur all y or g a ni c m att er d e c o mp os es f ast er i n w ar m a n d h u mi d cli m at es 

t h a n it d o es i n c o ol a n d dr y cli m at es (N ati o n al R es o ur c es C o ns er v ati o n S er vi c e, U S D A , 

n. d.) . U n d er a v er a g e c o n diti o ns a n d wit hi n t e m p er at e r e gi o ns it is esti m at e d t h at 1. 5 % of 

S O M mi n er ali z es y e arl y f or m ost cr o ps, w hil e m ai nt ai ni n g c urr e nt or g a ni c m att er l e v els 

i n s oils i n-b et w e e n 2 -5 % S O M ( D or a n 2 0 1 2, as cit e d b y (N ati o n al R es o ur c es 

C o ns er v ati o n S er vi c e, U S D A , n. d.) .  
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H y p ot h esis:  

D iff er e nt a gri c ult ur al pr o c ess es c a n i m p a ct s oil’s o v er all q u alit y  a n d  

s ust ai n a bilit y . A gri c ult ur al pr a cti c es t h at c a n i nfl u e n c e s oil h e alt h i n cl u d e c o n v e nti o n al 

till a g e vs.  n o -till m et h o ds a n d us e of ot h er c o ns er v ati o n m et h o ds s u c h as pl a nt r esi d u e, 

c o v er cr o p s, a n d cr o p r ot ati o n . Utili z ati o n of c o ns er v ati o n pr a cti c es will i m pr o v e t h e s oi l 

q u alit y as m e as ur e d b y s el e ct s oil p ar a m et ers.  

O bj e cti v es: 	

1)  I d e ntif y a gri c ult ur al l a n d t h at h as a v ari et y of c o n v e nti o n al a n d c o ns er v ati o n 

till a g e s yst e ms. 

2)  Usi n g s oil c o m p osit e s a m pl es, a n al y z e s oil wit h r es p e ct t o c h ar a ct eristi cs t h at 

i n di c at e s oil h e alt h s u c h as or g a ni c m at eri al, n utri e nts (t ot al nitr o g e n a n d pl a nt 

a v ail a bl e p h os p h at e), p H, s ali nit y, a n d b ul k d e nsit y.  

3)  C o m p ar e s oil p ar a m et ers wit h r es p e ct t o e c os yst e m s er vi c es a n d c ost of 

a gri c ult ur al pr a cti c e.  

 

C h a pt e r 3: M et h o d ol o g y  

Tr u m b ull C o u nt y , O hi o c o nsists of a c o m bi n ati o n of ur b a n a n d r ur al 

c o m m u niti es. Tr u m b ull C o u nt y is l o c at e d i n t h e n ort h e ast c or n er of t h e st at e of O hi o 

( Tr u m b ull C o u nt y, n. d.). T h e c o u nt y w as est a blis h e d o n J ul y 1 0, 1 8 8 0, a n d n a m e d aft er 

J o n at h a n Tr u m b ull, w h o w as t h e G o v er n or of C o n n e cti c ut, a n d o n c e o w n e d t h e l a n d i n 

t his r e gi o n ( Tr u m b ull C o u nt y, n. d.). Tr u m b ull C o u nt y is n o w c o nsi d er e d p art of t h e 

Y o u n gst o w n -W arr e n -B o ar d m a n -O H -P A M etr o p olit a n St atisti c al ar e a.  T h e t ot al ar e a of 
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of t h e Y o u n gst o w n -W arr e n -B o ar d m a n, O H -P A M etr o p olit a n St atisti c al Ar e a ( Ki ns m a n 

T o w ns hi p O hi o, n. d.) . At its fi n di n g i n 1 7 9 9, Ki ns m a n h a d 1 6, 6 6 4 a cr es a n d c ost 

$ 1 2, 9 0 3. 2 3 ( Ki ns m a n T o w ns hi p O hi o, n. d.) . Ki ns m a n is sit u at e d o n t w o cr e e ks, t h e 

Str att o n a n d t h e P y m at u ni n g. E arl y e vi d e n c e pr o v e d t h at Ki ns m a n h a d b e e n a pl a c e of 

N ati v e A m eri c a n r esi d e n c e, a n d s m all tri b es fr e q u e ntl y visit e d t o h u nt, tr a p, a n d tr a d e 

wit h Mr. Ki ns m a n ( Ki ns m a n T o w ns hi p O hi o, n. d.) . I n 1 8 0 4 J o h n Ki ns m a n r et ur n e d t o his 

h o m e i n C o n n e cti c ut, aft er est a blis hi n g t his s m all c o m m u nit y ( Ki ns m a n T o w ns hi p O hi o, 

n. d.) .  

Bl o o mfi el d T o w ns hi p is o n e of 2 4 t o w ns hi ps wit hi n Tr u m b ull C o u nt y 

( Wi ki p e di a, 2 0 2 0). T h e t o w ns hi p is g o v er n e d b y a t hr e e -m e m b er b o ar d of tr ust e es 

( Wi ki p e di a, 2 0 2 0). Bl o o mfi el d t o w ns hi ps is a t ot al of 2 5. 4 s q u ar e mil es, a n d 1 0 0 % of 

t h at is l a n d ( Wi ki p e di a, 2 0 2 0). A c c or di n g t o t h e 2 0 0 0 c e ns us Bl o o mfi el d h as a p o p ul ati o n 

of 1, 0 9 7 p e o p l e ( Wi ki p e di a, 2 0 2 0).  

 V ari o us a gri c ult ur all y m a n a g e d fi el ds w er e s el e ct e d,  a n d s oil q u alit y 

c h ar a ct eristi cs w er e t est e d. S e v er al f ar m ers i n Tr u m b ull C o u nt y a gr e e d t o p arti ci p at e i n 

t h e r es e ar c h. E a c h fi el d l o c ati o n ( G P S) a n d t h e t y p e of f ar mi n g m et h o d w as r e c or d e d. 

C o m p osit e s oil s a m pl es w er e t a k e n usi n g fi v e or m or e 3 0 c m b y 2 c m c or es, s p a c e d o ut 

3 m or m or e a n d di vi d e d i nt o t o p a n d b ott o m  1 5 c m . I n a d diti o n, a b ul k d e nsit y c or e w as 

t a k e n fr o m e a c h fi el d. Ot h er r el e v a nt o bs er v ati o ns w er e n ot e d. S a m pl es wer e t a k e n t o t h e 

l a b at Y o u n gst o w n St at e U ni v ersit y a n d a n al y z e d.  

S a m pli n g	 Sit e s 	

T h e i niti al fi el d t esti n g w as d o n e w or ki n g wit h a f ar m er n a m e d , J eff, a n d his f ar m 

i n Tr u m b ull C o u nt y n e ar Ki ns m a n, w h er e t hr e e fi el ds w er e i d e ntifi e d wit h v ari o us 
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c o ns er v ati v e a gri c ult ur al m et h o ds ( Fi g ur e 5 -7 ). S oil c or es a n d b ul k d e nsit y w er e t a k e n 

fr o m e a c h of t h e fi el ds.   

T w o a d diti o n al f ar ms w er e us e d, b ot h st a y e d i n si d e Tr u m b ull C o u nt y. T h e t w o 

f ar ms w er e S h a d y M a pl e, a n d Mill er ’s F ar m , T h e Mill er F ar m w as t ot all y c o n v e nti o n all y 

m a n a g e d  ( Fi g ur e 1 1). Mill er’s f ar m a n d t est e d fi el d w er e l o c at e d i n t h e s a m e t o w ns hi p 

( Ki ns m a n) as t h e first fi el ds t est e d ( Fi g ur e 8-1 0) . S ha d y M a pl e is l o c at e d i n Bl o o mfi el d 

t o w ns hi p, a n d h a d v ari o us c o ns er v ati o n a gri c ult ur al m et h o ds wit hi n its m a n a g e m e nt. S oil 

c or es a n d b ul k d e nsit y w er e t a k e n fr o m e a c h of t h e fi el ds.    
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Fi g ur e 4  G o o gl e m a p i m a g e i n di c ati n g l o c ati o n of t h e fi el ds i d e ntifi e d wit h c o ns er v ati v e 
f ar m m et h o ds 
 

Fi g ur e 5  First C o ns er v ati v e m et h o d T est Fi el d ( O F)  
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Fi g ur e 6  S e c o n d c o ns er v ati v e m et h o d t est fi el d ( F Y)  
 

 
Fi g ur e 7  T hir d c o ns er v ati o n m et h o ds t est fi el d ( C F)  
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Fi g ur e 8  F o urt h c o ns er v ati o n m et h o ds t est fi el d ( S h a d y M a pl e)  
 

Fi g ur e 9  Fift h c o ns er v ati o n m et h o ds t est fi el d ( S h a d y M a pl e)  
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Fi g ur e 1 0  Si xt h c o ns er v ati o n m et h o ds t est fi el d ( S h a d y M a pl e)  

Fi g ur e 1 1  S e v e nt h c o ns er v ati o n m et h o ds t est fi el d ( Mill ers F ar m)  
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S oil	 A n al y si s 	

S oil w as a n al y z e d f or or g a ni c m att er usi n g l oss o n i g niti o n ( L OI)  m et h o d ( N els o n 

et al. , 1 9 9 6). T his m et h o d c o nsist e d of h e ati n g a r e pr es e nt ati v e s a m pl e t o 5 5 0 ° C f or 1 6 

h o urs. T h e c h a n g e i n m ass r efl e cts t h e a m o u nt of s oil or g a ni c m at eri al i n t h e s oil s a m pl e.  

T h e s oil s a m pl es fr o m L OI w as us e d t o d et er mi n e t h e i n or g a ni c p arti cl e si z e or s oil 

t e xt ur e usi n g t h e C il as 1 1 9 0 l as er p arti cl e si z e a n al y z er. T his m et h o d us es a b e a m of li g ht 

t o m e as ur e t h e si z e distri b uti o n of i n di vi d u al p arti cl es i n a s oil s a m pl e ( G e e, 1 9 8 6).   

T ot al nitr o g e n w as p erf or m e d b y A gri c ult ur al A n al yti c al S er vi c es L a b  at P e n n 

St at e U ni v ersit y w hi c h utili z es t h e c o m b usti o n m et h o d ( Br e m n er, J. M , 1 9 9 6  a n d P ell a, E. 

1 9 9 0 ). R es ults w er e r e c ei v e d as % Nitr o g e n wit hi n a n e x c el s pr e a ds h e et a n d a d d e d t o t h e 

m ast er d at a s pr e a ds h e et.  

Pl a nt a v ail a bl e p h os p h at e w as d et er mi n e d b y e xtr a cti n g t h e s oil wit h M e hli c h 3 

t h e n a n al y zi n g f or p h os p h at e usi n g t h e As c or bi c A ci d M et h o d ( K u o et al., 1 9 9 6). O n c e 

e xtr a ct e d, 2 0 ml of s a m pl e w as mi x e d wit h t h e c o m bi n e d r e a g e nt. C o m bi n e d r e a g e nt is 

c o m p os e d of as c or bi c a ci d, a m m o ni u m m ol y b d at e, s ulf u ri c a ci d a n d a nti m o n y p ot assi u m 

t artr at e ( K u o et al., 1 9 9 6). Aft er 1 0 mi n a m e as ur e m e nt f or 8 8 0 n m w as r e a d a g ai nst a 

bl a n k.  

S oil p H  d et er mi n es h o w m u c h of e a c h n utri e nt will b e bi o a v ail a bl e t o t h e pl a nt 

a n d mi cr o or g a nis ms i n t h e s oil.  T o t est f or p H, 2 0 g of s a m pl e w as mi x e d wit h 4 0 ml of 

d ei o ni z e d w at er ( a n d 0. 0 1 M C a Cl 2 ). T h e mi xt ur e w as s h o o k f or 2 h o urs, all o w e d t o sit 

f or 1 0-3 0 mi n ut es a n d t h e p H r e a d of t h e s u p er n a nt ( R e e u wij k , 2 0 0 2).  
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S ali nit y r es ults f or t h e s oil s a m pl es w er e c oll e ct e d wit h 2 0 g of s a m pl e mi x e d wit h 

4 0 ml of d ei o ni z e d w at er , s h o o k f or 2 h o urs, all o w e d t o sit f or 1 0-3 0 mi n ut es a n d t h e 

s ali nit y w as r e a d a n d r e c or d e d  wit h t h e H A C H S e nsi o n 5 c o n d u cti vit y m et er.  

B ul k d e nsit y 8 c m ri n gs w er e us e d t o  t est f or s oil c o m p a cti o n b y dri vi n g t h e ri n g 

i nt o t h e s oil usi n g t h e h a n d m all et. T h e ri n g w as r e m o v e d wit h s oil i nt a ct, a n d s oil o n t h e 

o utsi d e of t h e ri n g w as r e m o v e d, t h e n t h e ri n g c o nt e nts w er e b a g g e d., T h e s oil w as dri e d 

a n d w ei g ht e d t o d et er mi n e b ul k d e nsit y ( g/ c m 3). T esti n g f or b u l k d e nsit y all o w e d f or t h e 

c al c ul ati o n of p er c e nt of p or osit y ( E q. 1).  T h es e v ari o us s oil pr o p erti es w er e us e d t o 

d et er mi n e o v er all s oil q u alit y ( N R C S 2 0 1 5).  

P o r o sit y = 	1 	 − 	( b ul k 	d e n sit y / p a rti cl e 	d e n sit y )    E q.  
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Fi g ur e 1 2  U n d er gr a d u at e st u d e nt C a d e n B ar o n e, s e p ar ati n g a s oil c o m p osit e s a m pl e  i n 
t h e fi el d ( o n t h e l eft), & a  s oil c or e s a m pl e wit h c oll e cti o n b u c k ets  ( o n t h e ri g ht). 

	

St ati sti c s 		
 

A r a n ki n g s yst e m w as us e d t o c o d e t h e a gri c ult ur al m et h o ds t h at e xist e d o n e a c h 

s a m pl e d fi el d.  T h e r a n ki n g s yst e m st art e d at 1 a n d w e nt t o 4 , w h er e  1 c o nsist e d of 

c o n v e nti o n al a gri c ult ur al m et h o ds  a n d 4 r e pr es e nt e d t h os e fi el ds wit h t h e m ost 

c o ns er v ati o n m et h o ds e m pl o y e d . T h e r a n ki n gs w er e d e v el o p e d o n t h e b asis t h at r a n k 1 

w as a st ar ti n g p oi nt of t h e m et h o ds, f or t his r es e ar c h r a n k 1 c o nsist e d of t h e l e ast 
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c o ns er v ati o n al m et h o ds a p pli e d. T his m e a nt t h at r a n k 1 h o us e d fi el ds t h at w er e 

c o n v e nti o n all y m a n a g e d, a n d as t h e r a n ki n gs i n cr e as e s o di d t h e c o m bi n ati o n of 

c o ns er v ati o n al m et h o ds a p pli e d. R a n k 4 w as t h e hi g h est a v ail a bl e r a n k a n d c o nt ai n e d all 

fi el ds t h at a p pli e d a n o-till c o ns er v ati o n m et h o d. O n es  w er e distri b ut e d t o all t h e fi el ds 

t h at us e d c o n v e nti o n al till a g e m et h o ds. T h os e fi el ds t h at di d c o n v e nti o n al till a g e a n d cr o p 

r ot ati o n w er e als o r a n k e d as 1 si n c e t h e cr o p r ot ati o n al o n e will n ot pr o vi d e e n o u g h 

b e n efit t o i m pr o v e s oil q u alit y. T h e r a n ki n g of 2. 0 w as gi v e n t o fi el ds t h at pr a cti c e d a 

k n o w n cr o p r ot ati o n , pl a nt r esi d u e, a n d i n cl u d e d r e d u c e d till. A r a n k of 3. 0 w as us e d f or  

fi el ds t h at i n cl u d e d a cr o p r ot ati o n pr o c ess, r e d u c e d till a g e, pl a nt r esi d u e, a n d a r e c or d of 

c o v er cr o ps . O n e fi el d ( S h a d y M a pl e Fi el d 1) w as  c o nsi d er e d a 3  e v e n t h o u g h it 

e m pl o y e d m a n y c o ns er v ati o n m et h o ds  b e c a us e it w as i n its i n a u g ur al y e ar of 

i m pl e m e nti n g a c o v er cr o p.  A r a n ki n g of 4. 0 w as gi v e n t o a n y fi el d t h at i n cl u d e d n o -till 

a n d m ulti pl e ot h er c o ns er v ati o n m et h o ds i n cl u di n g c o v er cr o p, cr o p r ot ati o n, a n d pl a nt 

r esi d u e. T h es e fi el ds all h a d a c o m bi n ati o n of c o ns er v ati o n m et h o ds b ut t o a c hi e v e t h e 

h i g h est s c or e t h e y als o n e e d e d t o i n cl u d e n o-till wit hi n t h eir m et h o ds .  

 T h e pr o gr a m t h at w as us e d t o a n al y z e t h e d at a f or st atisti c al p ur p os es w as I B M’s 

S P S S. T his pr o gr a m w as c h os e n b e c a us e of its c o m m o n n ess a n d fr e q u e n c y of b ei n g us e d 

wit h e n vir o n m e nt al s ci e n c e d at a. S P S S off ers a wi d e v ari et y  of d at a a n al y z ati o ns  a bl e t o 

b e  i m pl e m e nt e d wit h t his d at a s et.  

 V ari o us st atisti c al a n al ysis w er e p erf or m e d  in cl u d i n g c orr el ati o n m atri x, a m e a n 

c o m p aris o n o n e -w a y A N O V A, Pri n ci p al C o m p o n e nt A n al ysis, a n d b a c k w ar ds li n e ar 

r e gr essi o ns. T h e st atisti c al a n al ysis t h at w as c h os e n t o r e vi e w t h e d at a vis u all y w as t h e 

Pri n ci p al C o m p o n e nt A n al ysis. T h e Pri n ci p al C o m p o n e nt A n al ysis r u ns a n a n al ysis t o 
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e x pl ai n t h e t ot al v ari a n c e, t h e n cr e at es c o effi ci e nts of v ari a n c e f or e a c h v ari a bl e, t o t h e n 

b e a bl e t o pl ot t h es e o n a m ulti -di m e nsi o n al pl a n e, d e p e n di n g o n t h e d at a. T his all o ws t h e 

d at a t o b e vis u ali z e d a n d c o m p ar e d t o w h er e e a c h s a m pl e e xists o n a m a p, w h er e e a c h 

c or n er is a n e xtr e m e hi g h p oi nt f or t h e v ari a n c e b et w e e n p arti c ul ar v ari a bl es.  

C h a pt e r 4 R e s ults  

 T h e a v er a g es of e a c h s oil c h ar a ct er isti c p er a gri c ult ur al m et h o d r a n ki n g w er e 

d o n e o n t h e 7 fi el ds s a m pl e d a n d r es ulti n g 3 2 s oil s a m pl es. T h e r a n ki n gs s p a n n e d fr o m 1 -

4. R a n k 1 h a d 1 2 s a m pl es; r a n k 2 o nl y a p pli e d t o 4 s a m pl es; r a n k 3, a n d 4 b ot h c o nsist e d 

of 8 s a m pl es. O ut of t h e 7 fi el ds, o n e ( Mill ers F ar m) w as a c o nti g u o us l ar g er fi el d w hi c h 

w as s e p ar at e d i nt o 4 s u bs e cti o ns. T his di vi d e d t h e fi el d s a m pl es i nt o 1 6 s e cti o ns. Of t h e 

1 6 s a m pl es, a n ot h er di visi o n of t o p 1 5 c m a n d b ott o m 1 5 c m w as a p pli e d f or t h e s oil 

c or e. T h e t o p s e cti o ns w er e i n v esti g at e d f or b ul k d e nsit y a n d p er c e nt p or osit y. St atisti c al 

a n al ysis  w as c o m pl et e d t o i d e ntif y v ari o us st atisti c al tr e n ds  b et w e e n r a n ki n g c at e g ori es 

a n d b et w e e n s oil l a y er (t o p a n d b ott o m of s oil c or e).  

D e s c ri pti v e	 St ati sti c s: 	
 
 T a bl e 2 c o nt ai ns t h e d es cri pti v e st atisti cs f or all t h e v ari a bl es i n v ol v e d  i n cl u di n g 

n u m b er of o bs er v ati o ns p er e a c h v ari a bl e, t h e mi ni m u m a n d m a xi m u m r e c or d e d d at a 

p oi nt, t h e m e a n a n d st a n d ar d d e vi ati o n. P er c e nt p or osit y a n d b ul k d e nsit y w er e o nl y 

r e c or d e d f or t h e t o p a n d is wh y t h e n u m b er of o bs er v ati o ns is list e d at 1 6. T h e ot h er 

mis n o m er i n t his t a bl e is p er c e nt s oil or g a ni c m att er t h at h a d 3 1 o bs er v ati o ns i nst e a d of 

3 2 b e c a us e t h er e w as a n err or/l oss of s a m pl e fr o m o n e s a m pl e.  
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T a bl e 2  D es cri pti v e st atisti cs of e a c h p ar a m et er f or all s oil s a m pl es c oll e ct e d fr o m 
a gri c ult ur al fi el ds i n Tr u m b ull C o u nt y, O hi o.  

V a ri a bl e  O bs e r v ati o ns  Mi ni m u m  M a xi m u m  M e a n  
St d. 

D e vi ati o n  

A gri c ult ur al M et h o d R a n ki n g  3 2  1  4  N A  N A  

B ul k D e nsit y, g/ c m 3  1 6  0. 9 4 3  1. 3 7  1. 2 0  0. 1 2 2  

% P or osit y  1 6  4 8. 3 3  6 4. 4 2  5 4. 6 7  4. 5 9  

p H 1: 1 W at er  3 2  4. 7 0  5. 7 6  5. 1 6 7  0. 2 5 0  

p H 1: 2 C a Cl 2  3 2  4. 2 4  5. 3 0  4. 7 6 0  0. 3 0 4  

P O 4 -P, m g/ k g  3 2  6. 9 0  1 0 3. 1  4 5. 5 9  2 6. 8 7  

S ali nit y, m S/ c m  3 2  0. 1 3 6  0. 8 6 0  0. 4 3 5  0. 2 0 8  

% S O M  3 1  2. 4 3  5. 6 0  3. 5 9 4  0. 8 6 9  

% S a n d  3 2  1 4. 1 2  7 6. 9 1  3 2. 8 4  1 7. 2 7  

% Silt  3 2  2 1. 5 1  8 1. 4 2  6 3. 0 4  1 6. 1 4  

% Cl a y  3 2  1. 5 7  7. 0 8  4. 1 1 5  1. 4 7 2  

T N %, m g/ k g  3 2  0. 0 6 3  0. 2 4 7  0. 1 2 5  0. 0 4 7  

 

 T a bl e 3 i n cl u d es d es cri pti v e st atisti cs f or t h e s oil s a m pl es s e p ar at e d i nt o t o p a n d 

b ott o m c at e g ori es. I n t his t a bl e, t h e t o p 1 5  c m l a y er = 1, a n d b ott o m 1 5  c m l a y er = 2. T h e 

d es cri pti v e st atisti cs i n T a bl e 3 i n cl u d e n u m b er of o bs er v ati o ns p er e a c h v ari a bl e, t h e 

mi ni m u m a n d m a xi m u m r e c or d e d d at a p oi nt, t h e m e a n a n d st a n d ar d d e vi ati o n.  

 
T a bl e 3  D es cri pti v e st atisti cs of e a c h p ar a m et er f or all s oil s a m pl es s e p ar at e d b et w e e n t o p 
a n d b ott o m l a y ers fr o m a gri c ult ur al fi el ds i n Tr u m b ull C o u nt y, O hi o  
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B a c k w a r d s	 Li n e a r	 R e g r e s si o n: 	
 
 B a c k w ar ds li n e ar r e gr essi o ns w er e r u n t o i d e ntif y w h at v ari a bl es w er e pr e di ct ors 

of n utri e nt q u alit y. Nitr o g e n a n d p h os p h or us w er e b ot h a n al y z e d f or b a c k w ar ds li n e ar 

r e gr essi o ns d u e t o t h e i d e ntifi e d si g nifi c a n c e a n d c orr el ati o ns i d e ntifi e d wit hi n t h e 

c orr el ati o n m atri x a n d m e a n c o m p aris o ns Fi g ur e 3 9  i n t h e A p p e n di x.  T a bl e 4  s h o ws 

p er c e nt t ot al nitr o g e n as t h e d e p e n d e nt v ari a bl e. I n t his m o d el t h e a gri c ult ur al m et h o d 

r a n k, p er c e nt s oil or g a ni c m att er, a n d p H w er e i d e ntifi e d as pr e di ct ors of p er c e nt t ot al 

nitr o g e n.  

 

T a bl e 4  C o effi ci e nts f or Li n e ar R e gr e ssi o n M o d el t o d et er mi n e t h e % t ot al nitr o g e n f or 
s oil s a m pl es c oll e ct e d fr o m a gri c ult ur al fi el ds i n Tr u m b ull C o u nt y, O hi o.  
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 T a bl e 5  s h o w c as e s t h e s a m e a n al ysis o nl y wit h pl a nt a v ail a bl e p h os p h or us s et as 

t h e d e p e n d e nt v ari a bl e. I n t his m o d el p er c e nt s oil or g a ni c m att er, a n d p H w er e i d e ntifi e d 

as pr e di ct ors of p h os p h or us. Alt h o u g h t h e a gri c ult ur al m et h o d r a n ki n g di d n ot m a k e it 

i nt o t h e fi n al s et of v ari a bl es of pr e di ct a bilit y it f ell i nt o t h e s e c o n d t o l ast c at e g or y, 

s h o wi n g it is s o m e w h at i m p ort a nt w h e n pr e di cti n g p h os p h or us.  

 

T a bl e 5  C o effi ci e nt T a bl e f or Li n e ar R e gr essi o n M o d el t o d et er mi n e t h e pl a nt a v ail a bl e 
p h os p h or us f or s oil s a m pl es c oll e ct e d fr o m a gri c ult ur al fi el ds i n Tr u m b ull C o u nt y, O hi o   
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 T a bl e 6 a n d 7 s h o w c as e li n e ar r e gr essi o n m o d els f or n utri e nts, nitr o g e n,  a n d 

p h os p h or us, b ut wit hi n t h es e t a bl es t h e l a y er of t h e s oil c or e w as i n v esti g at e d f or 

pr e di ct a bilit y of e a c h d e p e n d e nt v ari a bl e. T a bl e 6 dis pl a ys t h e a n al ysis wit h nitr o g e n as 

t h e de p e n d e nt v ari a bl e. Wit hi n t his t a bl e t h e l a y er b e c a m e a n e x cl u d e d v ari a bl e i n a n 

e arli er st a g e of t h e m o d els cr e at e d t h a n r a n ki n gs di d i n T a bl e 4 w hi c h is als o l o o ki n g at 

nitr o g e n as a d e p e n d e nt v ari a bl e. T h e ot h er pr e di ct ors of % nitr o g e n st a y e d c o nsist e n t 

wit hi n t his m o d el a n d t h e m o d el i n T a bl e 4 , w hi c h w er e % S O M, pH , a n d s ali nit y. 

Alt h o u g h t h e l a y er di d n ot d e cl ar e its elf as a pr e di ct or of nitr o g e n c o n c e ntr ati o n i n t h es e 

s a m pl es, t h e a n al ysis g a v e s o m e i nsi g ht f or f ut ur e i n v esti g ati o ns , s u c h as w h et h er or n ot 

t h e l a y er i n v esti g ati o n is n e c ess ar y f or all s oil c h ar a ct eristi cs.  
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T a bl e 6  C o effi ci e nt T a bl e f or Li n e ar R e gr essi o n M o d el t o d et er mi n e t h e pl a nt a v ail a bl e 
nitr o g e n  f or s oil s a m pl es b et w e e n t o p a n d b ott o m l a y ers c o ll e ct e d fr o m a gri c ult ur al fi el ds 
i n Tr u m b ull C o u nt y, O hi o 

 
 
 T a bl e 7 dis pl a ys t h e s a m e a n al ysis b ut wit h p h os p h or us as a d e p e n d e nt v ari a bl e. 

C o ntr ar y t o T a bl e 6 a n d nitr o g e n c o n c e ntr ati o n, t h e l a y er of t h e s oil c or e h el d m or e 

w ei g ht a n d w as m or e of a pr e di ct or f or p h os p h or us c o n c e ntr ati o n. E v e n t h o u g h t h e l a y er 

c at e g or y di d n ot m a k e it i nt o t h e fi n al m o d el  a g ai n , it w as pl a c e d i n t h e s e c o n d t o l ast 

m o d el, s h o wi n g t h e l a y er of t h e s oil c or e h as s o m e si g nifi c a n c e w h e n pr e di cti n g 
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p h os p h or us c o n c e ntr ati o n. % S O M a n d p H st a y e d c o nsist e nt i n b ot h T a bl e 7 a n d T a bl e 5 

w h e n pr e di cti n g pl a nt a v ail a bl e p h os p h or us wit hi n t h e m o d el.  

 
T a bl e 7  C o effi ci e nt T a bl e f or Li n e ar R e gr essi o n M o d el t o d et er mi n e t h e pl a nt a v ail a bl e 
p h os p h or us f or s oil s a m pl es b et w e e n t o p a n d b ott o m l a y ers c oll e ct e d fr o m a gri c ult ur al 
fi el ds i n Tr u m b ull C o u nt y, O hi o 
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A v e r a g e s	 p e r	 R a n k: 	
 
 Fi g ur e 1 3  s h o ws a c o m p aris o n of n utri e nts wit hi n t h e 4 a gri c u lt ur al m et h o d 

r a n ki n gs as w ell as t h e a v er a g e b et w e e n t h e m. T h e n utri e nts wit hi n t his gr a p h c o nsist of 

p h os p h or us, nitr o g e n, a n d s ali nit y. P h os p h or us r a n g e d fr o m 3 1 –  6 5, wit h a n a v er a g e of 

4 5. 4 7 m g/ k g. P er c e nt nitr o g e n r a n g e d fr o m 0. 0 9 6 –  0. 1 3 9, wit h a n a v er a g e of 0. 1 2 4. 

S ali nit y fell wit hi n t h e r a n g e of 0. 2 1 1 –  0. 6 0 2 m S/ c m , a n d h a d a n a v er a g e of 0. 4 3 8 

m S / c m.  

 

Fi g ur e 1 3  A v er a g e of N utri e nts ( P, N, S ali nit y) wit hi n a gri c ult ur al m et h o d ra n ki n g  f or 
f ar ms i n Tr u m b ull C o u nt y, O hi o ( L S D –  m e a n c o m p aris o ns) * C ol u m ns wit h diff er e nt 
l ett ers ar e si g diff er e nt at < 0. 1 si g nifi c a n c e 

 
 Fi g ur e 1 4  s h o ws a c o m p aris o n of p h ysi c al c h ar a ct eristi cs b et w e e n t h e r a n k e d 

a gri c ult ur al m et h o ds as w ell as t h e a v er a g es. T h e p h ysi c al c h ar a ct eristi cs b ei n g c o m p ar e d 

wit hi n t his gr a p h c o nsist of b ul k d e nsit y, s oil or g a ni c m at eri al, a n d p H. T h e b ul k d e nsit y 

m e as ur e m e nt r a n g e d fr o m 1. 1 1 –  1. 3 2  g/ c m 3  a n d h a d a n a v er a g e of 1. 2 2  g/ c m 3 . P er c e nt 

s oil or g a ni c m at eri al h a d a r a n g e of 3. 1 8 –  3. 9 1 %  a n d a n a v er a g e of 3. 5 3 % . p H w as 

0. 0 1

0. 0 5

0. 2 5

1. 2 5

6. 2 5

3 1. 2 5

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

P O 4- P, m g/ k g % Nitr o g e n S ali nit y m S/ c m

a

c
b

a
d

a
c

a
c

d

c
b a

a

c
b

b
c
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l o o k e d at i n t w o diff er e nt c a p a citi es of t esti n g, c o nsisti n g of w at er a n d c al ci u m c hl ori d e. 

C al ci u m c hl ori d e is t h e m or e c o nsist e nt a n d a c c ur at e r e pr es e nt ati o n of p H at t h e s oil-

pl a nt i nt erf a c e a n d is w h at w as c h os e n f or t his gr a p h. T h e r a n g e of p H w as fr o m 4. 8 2 –  

4. 8 9 a n d h a d a n a v er a g e of 4. 7 3.  

 

 

Fi g ur e 1 4  A v er a g e of p h ysi c al c h ar a ct eristi cs  (b ul k d e nsit y , % S O M , p H C a Cl 2 ) wit h 
a gri c ult ur al m et h o d r an k  f or f ar ms i n Tr u m b ull C o u nt y, O hi o  ( L S D –  m e a n c o m p aris o ns) 
* C ol u m ns wit h diff er e nt l ett ers ar e si g diff er e nt at < 0. 1 si g nifi c a n c e  

 
Fi g ur e 1 5  s h o ws p er c e nt a g e p or osit y wit h t h e r a n k e d a gri c ult ur al m et h o ds as w ell 

as t h e a v er a g e. T h e p or osit y w as c al c ul at e d usi n g b ul k d e nsit y m e as ur e m e nts usi n g 

e q u ati o n 1. T h e r a n g es of p er c e nt p or osit y f or t h e d at a w er e fr o m 5 0. 1 7 –  5 8. 1 7 %  a n d 

h a d a n a v er a g e of 5 3. 6 7 % .  

0. 0 0

1. 0 0

2. 0 0

3. 0 0

4. 0 0

5. 0 0

6. 0 0

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

B ul k D e n sit y g/ c m 3 % S O M p H C a Cl 2

a

a

a

a

a

a

a

b b

b
a
b

a
b
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Fi g ur e 1 5  A v er a g e of p er c e nt p or osit y  wit h a gri c ult ur al m et h o d ra n k  f or f ar ms i n 
Tr u m b ull C o u nt y.  ( L S D –  m e a n c o m p aris o ns) * C ol u m ns wit h diff er e nt l ett ers ar e si g 
diff er e nt at < 0. 1 si g nifi c a n c e  

 
 Fi g ur e 1 6  s h o ws a c o m p aris o n of s oil t e xt ur e b et w e e n t h e a gri c ult ur al m et h o d 

r a n k as w ell as t h e a v er a g es. S oil t e xt ur e c o nsist e d of p er c e nt s a n d, silt, a n d cl a y w as 

d et er mi n e d usi n g l as er p arti cl e si z e a n al ysis . S a n d r a n g e d fr o m 2 0. 7 1 –  4 6. 0 5 %  wit h a n 

a v er a g e of 3 3. 2 5 % . S ilt r a n g e d fr o m 5 0. 0 5 –  7 4. 1 7 %  wit h a n a v er a g e of 6 2. 5 5 % . C l a y 

r a n g e d fr o m 3. 8 1 –  5. 1 2 %  wit h a n a v er a g e of 4. 1 9 % .  

0. 0 0

1 0. 0 0

2 0. 0 0

3 0. 0 0

4 0. 0 0

5 0. 0 0

6 0. 0 0

7 0. 0 0

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

% P or osit y

a

b b

a
b
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Fi g ur e 1 6  A v er a g e of s oil t e xt ur e  (% S a n d , % Silt , % Cl a y ) wit hi n a gri c ult ur al m et h o d 
ra n k  f or f ar ms i n Tr u m b ull C o u nt y. ( L S D –  m e a n c o m p aris o ns) * C ol u m ns wit h diff er e nt 
l ett ers ar e si g diff er e nt at < 0. 1 si g nifi c a n c e  

	

T o p	 a n d	 b ott o m	 a v e r a g e s	 s e p a r at e d	t h r o u g h	 A g ri c ult u r al	 R a n k: 	
 

Fi g ur e 1 7  s h o w c as es a c o m p aris o n of p h os p h at e -p h os p h or us b et w e e n a gri c ult ur al 

m et h o d r a n ks a n d s e p ar at e d t hr o u g h t o p a n d b ott o m s a m pl es. Wit hi n t his gr a p h P O 4 -P i n 

t h e t o p 1 5 c m ra n g e d fr o m 4 3. 8 9 - 1 0 3. 0 6 m g/ k g, wit h a n a v er a g e of 6 3. 2 0 m g/ k g. T h e 

b ott o m 1 5 c m r a n g e d fr o m 6. 9 0 –  5 4. 0 4 m g/ k g, wit h a n a v er a g e of 2 7. 9 7 m g/ k g.  

0. 0 0

1 0. 0 0

2 0. 0 0

3 0. 0 0

4 0. 0 0

5 0. 0 0

6 0. 0 0

7 0. 0 0

8 0. 0 0

9 0. 0 0

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

% S a n d % Silt % Cl a y

a
d

a
d

a
c
d

a
e

a
e

c
d

b
d

b
d

c
e

c
e

b d
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Fi g ur e 1 7  P h os p h at e -p h os p h or us c o n c e ntr ati o n fr o m s oil c or es i n di c ati n g 1 5 c m t o p  a n d 
b ott o m s e cti o ns of c or e. S a m pl es ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y 
a gri c ult ur al m et h o d r a n k.  

 
 Fi g ur e 1 8  dis pl a ys t h e s ali nit y b et w e e n a gri c ult ur al m et h o d r a n ks a n d s e p ar at e d 

t hr o u g h t o p a n d b ott o m s oil c or e s a m pl es. Wit hi n t h e t o p 1 5 c m s ali nit y r a n g es fr o m 

0. 2 0 9 –  0. 8 6 0 m S/ c m, wit h a n a v er a g e of 0. 4 9 9 m S/ c m. T h e b ott o m 1 5 c m h a d a r a n g e of 

0. 1 3 6 –  0. 5 8 3 m S/ c m, wit h a n a v er a g e of 0. 3 7 1 m S/ c m.  

0. 0 0

2 0. 0 0

4 0. 0 0

6 0. 0 0

8 0. 0 0

1 0 0. 0 0

1 2 0. 0 0

1 4 0. 0 0

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

T o p P O 4- P, m g / k g ( A v g) B ott o m P O 4- P, m g / k g ( A v g)
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Fi g ur e 1 8  S ali nit y fr o m s oil c or es i n di c ati n g 1 5 c m t o p a n d b ott o m s e cti o ns of c or e. 
S a m pl es ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  

 
 Fi g ur e 1 9  pr es e nts p er c e nt s oil or g a ni c m att er b et w e e n a gri c ult ur al m et h o d r a n ks 

a n d s e p ar at e d b y t o p a n d b ott o m s oil c or e s a m pl es. T h e t o p 1 5 c m wit hi n t his p ar a m et er 

r a n g e d fr o m 3. 3 6 –  5. 5 6 % a n d h a d a n a v er a g e of 4. 1 9 %. Wit hi n t h e b ott o m 1 5 c m 

p er c e nt s oil or g a ni c m att er r a n g e d fr o m 2. 4 5 –  4. 0 5 %, wit h a n a v er a g e of 2. 9 6 %.  

0. 0 0 0

0. 2 0 0

0. 4 0 0

0. 6 0 0

0. 8 0 0

1. 0 0 0

1. 2 0 0

1 2 3 4 A v er a g e

A gri c ut ur al M et h o d R a n k

T o p S ali nit y, m S / c m ( A v g) B ott o m S ali nit y, m S / c m ( A v g)
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Fi g ur e 1 9  % S O M  fr o m s oil c or es i n di c ati n g 1 5 c m t o p a n d b ott o m s e cti o ns of c or e. 
S a m pl es ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k . 

 
 Fi g ur e 2 0 s h o w c as es t h e  p er c e nt t ot al nitr o g e n b et w e e n a gri c ult ur al m et h o d r a n ks 

a n d s e p a r at e d b y t o p a n d b ott o m s oil c or e s a m pl es. T h e r a n g e f or t h e t o p 1 5 c m of 

p er c e nt nitr o g e n c o nsist e d of 0. 0 9 3 –  0. 2 4 7 %  wit h a n a v er a g e of 0. 1 5 5 % . T h e b ott o m 1 5 

c m h a d a r a n g e of 0. 0 6 3 –  0. 1 6 6 %  a n d h a d a n a v er a g e of 0. 0 9 5 % .  

0. 0

1. 0

2. 0

3. 0

4. 0

5. 0

6. 0

7. 0

1 2 3 4 A v er g a g e

A gri c ult ur al M et h o d R a n k

T o p % S O M B ott o m % S O M
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Fi g ur e 2 0  % Nitr o g e n fr o m s oil c or es i n di c ati n g 1 5 c m t o p a n d b ott o m s e cti o ns of c or e. 
S a m pl es ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  

 
 Fi g ur e 2 1  s h o w c as es a c o m p aris o n of p H ( Ca Cl 2 ) b et w e e n a gri c ult ur al m et h o d 

r a n ks a n d s e p ar at e d b y  t o p a n d b ott o m s oil c or e s a m pl es. T h e t o p 1 5 c m h a d a r a n g e of 

4. 3 2 –  5. 2 8 wit h a n a v er a g e of 4. 8 2. T h e b ott o m 1 5 c m’s r a n g e w as fr o m 4. 2 4 –  5. 1 4 a n d  

h a d a n a v er a g e of 4. 6 9.  

0

0. 0 5

0. 1

0. 1 5

0. 2

0. 2 5

0. 3

0. 3 5

1 2 3 4 A v er g a g e

A gri c ult ur al M et h o d R a n k

T o p T N %, m g/ k g B ott o m T N %, m g / k g
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Fi g ur e 2 1  p H C a Cl 2  fr o m s oil c or es i n di c ati n g 1 5 c m t o p a n d b ott o m s e cti o ns of c or e. 
S a m pl es ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  

 
 Fi g ur e 2 2  a n d 2 3  pr es e nt s oil t e xt ur e  b et w e e n  a gri c ult ur al m et h o ds r a n ki n gs a n d 

s e p ar at e d b et w e e n t o p a n d b ott o m s oil c or e s a m pl es. F or s p a c e p ur p os es t h e c o nt e nt w as 

s plit i n -b et w e e n t w o gr a p hs. Wit hi n t h e t o p 1 5 c m gr a p h, t h e r a n g e of d at a f or p er c e nt 

s a n d w as fr o m 1 4. 1 5 –  6 4. 2 3 % , a n d a n a v er a g e of 2 8. 1 9% . P er c e nt silt h a d a r a n g e of 

3 4. 2 0 –  8 1. 4 2 % , a n d a n a v er a g e of 6 7. 3 0% . Fi n all y, p er c e nt cl a y h a d a r a n g e of 1. 5 7 –  

7. 0 8 % , a n d a n a v er a g e of 4. 5 1% . Wit hi n t h e b ott o m 1 5 c m p er c e nt s a n d h a d a r a n g e of 

1 4. 2 4 –  7 6. 9 1 % , a n d a n a v er a g e of 3 7. 4 9% . P er c e nt silt wit hi n t h e b ott o m 1 5 c m h a d a 

r a n g e of 21. 5 1 –  8 0. 6 5 %  a n d a n a v er a g e of 5 8. 7 9 % . L astl y p er c e nt cl a y i n t h e b ott o m 1 5 

c m h a d a r a n g e of 1. 5 8 –  6. 6 9 % , a n d a n a v er a g e 3. 7 2% .  
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Fi g ur e 2 2  S oil t e xt ur e fr o m s oil c or es i n di c ati n g 1 5 c m t o p s e cti o ns of c or e. S a m pl es ar e 
fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k. 

 

 

Fi g ur e 2 3  S oil t e xt ur e fr o m s oil c or es i n di c ati n g 1 5 c m b ott o m s e cti o ns of c or e. S a m pl es 
ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  

 

0. 0 0

1 0. 0 0

2 0. 0 0

3 0. 0 0

4 0. 0 0

5 0. 0 0

6 0. 0 0

7 0. 0 0

8 0. 0 0

9 0. 0 0

1 0 0. 0 0

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

T o p % S a n d T o p % Silt T o p % Cl a y

0. 0 0

2 0. 0 0

4 0. 0 0

6 0. 0 0

8 0. 0 0

1 0 0. 0 0

1 2 0. 0 0

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

B ott o m % S a n d B ott o m % Silt B ott o m % Cl a y



 

6 2  
 

C h a pt e r 5: Dis c u ssi o n  

A g ri c ult u r al	 M et h o d	 R a n ki n g	 A v e r a g e: 	
 

W h e n l o o ki n g at t h e a v er a g es a m o n gst a gri c ult ur al r a n ki n gs t h e p ar a m et ers t h at 

st a n d o ut t h e m ost  i n cl u d e s ali nit y , a n d a v ail a bl e p h os p h or us. T h e r es ults fr o m t his 

c o m p aris o n s h o w a tr e n d of s ali nit y b e c o mi n g l o w er wit hi n hi g h er r a n k e d s a m pl es. T h e 

s m all diff er e n c e i n sali nit y c a n b e a n offs et, a n d m o d er at el y aff e ct t h e yi el d pr o d u c e d b y 

c ert ai n cr o ps. Pr o d u cti vit y m a y b e r e d u c e d fr o m 2 5 -5 0 % wi t hi n t h es e pl a nt s p e ci es, s u c h 

as fl a x, cl o v ers, c arr ots, o ni o ns, b ell p e p p ers, l ett u c e, a n d s w e et p ot at o es ( S a n c h e z, 2 0 1 5). 

S ali nit y l e v els of l ess t h at 0. 4 ms/ c m h a v e m ostl y n e gli gi bl e eff e cts, o utsi d e t h e cr o ps 

b e a ns a n d c arr ots ( S a n c h e z, 2 0 1 5). S ci e ntis t h a v e a gr e e d t h at t h er e is n o a gr o n o mi c 

r e as o n or n e e d f or soil test p h os p h or us t o b e gr e at er t h a n 5 0 p p m or m g/ k g  ( S h ar pl e y, 

2 0 1 0) . T h e r es ults fr o m t his r es e ar c h s h o w a n i n cr e as e i n p h os p h or us wit hi n hi g h er 

r a n k e d a gri c ult ur al m et h o ds, b ut t h e hi g h est a mo u nt w as n ot i n t h e hi g h est r a n k e d 

m et h o d. T his c o ul d b e i nfl u e n c e d b y t y p e of cr o p t h at w as b ei n g gr o w n i n t h e fi el d a n d 

t h e ti m e of t h e y e ar t h e s a m pl es w er e c oll e ct e d. Pl a nts or cr o ps t h at r e pr o d u c e a n d di e i n 

o n e y e ar r e q uir e l ar g e a m o u nts of p h os p h or u s, as w ell as pl a nt s t h at h a v e li mit e d r o ots 

a n d r a pi d t o p gr o wt h s u c h as l ett u c e , l e g u m es als o r e q uir e pl e ntif ul a m o u nt of n utri e nts 

( C alif or ni a F ertili z er F o u n d ati o n, 2 0 0 9). T h e a v ail a bilit y of s oil p h os p h at e a n d 

p h os p h or us c o n c e ntr ati o n is t y pi c all y gr e at er wit hi n t h e s pri n g s e as o n, t h a n c o m p ar e d t o 

t h e a ut u m n a n d wi nt er ( S a u n d ers et. al, 1 9 7 1). A c c or di n g t o P e n n St at e U ni v ersit y t h e 

o pti m u m r a n g e of p h os p h or us i n s oils is i n -b et w e e n 3 0 -5 0 p p m  ( B e e gl e, 2 0 2 1). T h e 

p h os p h or us e x a mi n e d i n t his r es e ar c h st a ys  wit hi n t h e pr e vi o usl y m e nti o n e d r a n g e of 3 0 -

5 0 p p m , e x c e pt f or o n e r a n ki n g c at e g or y ( Fi g ur e 13 ). Hi g h er a m o u nts of s oil p h os p h or us 
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c o ul d l e a d t o hi g h er  p h os p h or us s urf a c e r u n off  d e p e n di n g o n ot h er f a ct ors s u c h as s oil 

t e xt ur e a n d p er m e a bilit y ( S h ar pl e y, 2 01 0) . T h e a v ail a bilit y of p h os p h or us is v er y 

d e p e n d e nt o n mi cr o bi al lif e, as w ell as p H i n t h e o pti m u m r a n g e of 6. 0 –  7. 0 ( B e e gl e, 

2 0 2 1) . Alt h o u g h t h er e w er e n o si g nifi c a nt diff er e n c e s b et w e e n r a n k a n d p H, t h e tr e n d 

s h o w e d i n cr e as es i n p H as r a n k i n cr e as e d.  T h e i d e al s oil p or osit y f or a n y t y p e of s oil is 

i n-b et w e e n 4 0 -6 0 % . M ost of t h e s oils ar e wit hi n t h e a v er a g e r a n g e, b ut s o m e l o w er 

r a n k e d s oils h a v e a sli g htl y hi g h er % p or osit y . I n c o m p aris o n t o d at a fr o m b ul k d e nsit y 

r es ults, t h e diff er e n c e b et w e e n r a n ki n gs w as mi ni m al b ut d o es s h o w t h e hi g h est b ul k 

d e nsit y r e c or d e d wit hi n a l o w er r a n ki n g ( 2), s e e Fi g ur es 1 4  a n d 1 5 . Hi g h er b ul k d e nsiti es 

t e n d t o l o w er a v ail a bl e w at er h ol di n g c a p a cit y of s oils ( U S D A-N R C S, 1 9 9 8).  S oil w at er 

h ol di n g c a p a cit y is t h e a m o u nt of w at er a s oil c a n h ol d f or us e b y a cr o p. F urt h er 

i n v esti g ati o n i n t h e w at er h ol di n g c a p a cit y c o ul d b e  b e n efi ci al i n d et er mi ni n g t h e 

i nfl u e n c e of c o ns er v ati o n m et h o ds. 

S oil t e xt ur e is n e ar t h e s a m e w h e n c o ns oli d ati n g all fi el ds i nt o t h e f o ur c at e g ori es 

or r a n ki n gs o bs er v e d. T his si mil arit y eli mi n at es v ari a bilit y s u c h as p ar e nt m at eri al, 

g e o gr a p hi c l o c ati o n, et c. T his pl a c es m or e e m p h asis o n t h e a gri c ult ur al m a n a g e m e nt 

s yst e m or m et h o d as t h e m ai n f a ct or i n t h e p h ysi o c h e mi c al s oil p ar a m et ers a n d  s oil 

q u alit y.  Tr u m b ull C o u nt y is wit hi n t h e M a h o ni n g -C a nfi el d -Ritt m a n -C hili  s oil r e gi o n  

(N at ur al R es o ur c es C o ns er v ati o n S er vi c e O hi o, n. d. ). T h e s oil of O hi o is b as e d pri m aril y 

o n p ar e nt m at eri al a n d gl a ci al hist or y of t h e st at e ( O hi o St at e U ni v ersit y E xt e nsi o n, n. d. ). 

Tr u m b ull C o u nt y  is c o v er e d b y a s oil r e gi o n t h at h as a l ar g e c o n c e ntr ati o n of c al ci u m 

c ar b o n at e w hi c h  i n cr e as es fr o m e ast t o w est a n d c o nsists m ai nl y of s a n dst o n e or s h al e 

fr a g m e nts (O hi o St at e U ni v ersit y E xt e nsi o n, n. d. ). O f t h e i n v esti g at e d ar e a t h e m ai n s oil 
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or d er is “ Alfis ols ” ( N R C S). T h e m ost r e c e nt gl a ci er t o c o v er t h e st at e of O hi o a n d 

Tr u m b ull C o u nt y w as  t h e Wisc o nsi n a n, w hi c h l e ft b e hi n d mi xt ur es of cl a y, s a n d, gr a v el 

a n d b o ul d ers i n t w o diff er e nt f as hi o ns eit h er dir e ctl y b y t h e i c e or b y m elt w at er fr o m t h e 

gl a ci er ( O hi o Di visi o n of G e ol o gi c S ur v e y, 2 0 0 5). T h is v ast ar e a c o v er e d b y t h e 

Wis c o nsi n a n gl a ci er , a n d t h e g e ol o gi c f a ct ors, c o ntri b ut e t o t h e si mil ariti es b et w e e n s oil 

t e xt ur e a m o n gst a gri c ult ur al m et h o d r a n ki n gs. 

P er c e nt s oil or g a ni c m att er w as e x p e ct e d t o v ar y b et w e e n a gri c ult ur al m et h o ds or 

r a n k, b ut r es ults i n di c at e r el ati v el y si mil ar c o n c e ntr ati o ns, s u g g esti n g m or e i n v esti g ati o ns 

s h o ul d b e m a d e o n t h es e a n d ot h er fi el ds t o c o nfir m tr e n ds. T h e ti m e of y e ar t h at t h es e 

s a m pl es w er e c oll e ct e d m a y h a v e i nfl u e n c e d t h e % S O M of e a c h s a m pl e. R es e ar c h h as 

s h o w n t h at ti m e of y e ar a n d till a g e m et h o ds i nfl u e n c e t h e a m o u nt of or g a ni c c ar b o n i n 

s oil ( W u est, 2 0 1 4).   N o -till fi el ds h a v e gr e at er s e as o n al v ari a bilit y i n s oil org a ni c c ar b o n 

as c o m p ar e d t o till e d fi el ds. I n a d diti o n, s a m pl es w er e r etri e v e d i n t h e mi d dl e t o l at e f all, 

a n d p ost -h ar v est s c e n ari os. T ot al p er c e nt a g e nitr o g e n st a n ds o ut  wit hi n a gri c ult ur al 

m et h o d r a n k 3 b ei n g t h e hi g h est % p er c at e g or y b ut  is n ot c o n cl usi v e . T h e i n di c ati o n i n 

r a n k 3, gi v es i nsi g ht t o q u esti o n t h e pl a nt u pt a k e of nitr o g e n as w ell as t h e a d diti o n of 

nitr o g e n -b as e d f ertili z ers wit hi n c o n v e nti o n al a gri c ult ur al m a n a g e m e nt st yl es.  

O v er all, w h e n l o o ki n g at t h e a v er a g es b et w e e n r a n ki n g m et h o ds t h e diff er e n c es 

ar e n ot h u g e b ut t h er e ar e sli g ht diff er e n c es i n ar e as t h at pl a y a l ar g er r ol e i n s oil q u alit y 

h e alt h. T h es e f a ct ors i n cl u d e s ali nit y, p h os p h or us, a n d % p or osit y.  T h e c o m p aris o n of t h e 

eff e cts of a gri c ult ur al m et h o d a n d s oil p ar a m et ers d o es n ot gi v e m a n y si g nifi c a nt 

diff er e n c es (Fi g ur e 3 9  i n t h e A p p e n di x).   T h es e sli g ht diff er e n c es wit hi n t h e r a n ki n g 
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a v er a g es al o n e, s u g g est m or e t esti n g a n d i n v esti g ati o n s h o ul d b e d o n e, i n or d er t o t ell t h e 

st or y or pr o p erl y d es cri b e t h e i m p a cts or b e n efits diff er e nt a gri c ult ur al m et h o ds pr o vi d e.  

A n ot h er l o o k i nt o t h e r es ults c a n b e d o n e w h e n c o m p ari n g t h e t o p 1 5 c m a n d 

b ott o m 1 5 c m of e a c h s a m pl e. W h e n c o m p ari n g t o p l a y er t o b ott o m l a y er s t h er e ar e sli g ht 

diff er e n c es wit hi n s oil c h ar a ct eristi cs s u c h  as p h os p h or us, s ali nit y, a n d % nitr o g e n. B ul k 

d e nsit y, a n d % p or osit y c a n n ot b e c o m p ar e d wit hi n t his c o m p aris o n, d u e t o t h e f a ct t h at 

b ul k d e nsit y w as g at h er e d fr o m t h e t o p 1 5 c m o nl y. T h e i m p ort a n c e t o e v al u at e t o ps fr o m 

b ott o ms is t o e x a mi n e t h e a m o u nt of l e a c hi n g of n utri e nts, h u m us a n d ot h er m at eri al fr o m 

t h e s urf a c e.  

P h os p h or us c o m p aris o n of t o p l a y er c o n c e ntr ati o n vs. b ott o m l a y er c o n c e ntr ati o n 

i n di c at e s o m e tr e n ds wit h hi g h er a v ail a bl e p h os p h at e i n l o w er l e v els of t h e a gri c ult ur al 

m et h o ds i n r a n k 3  vs. r a n k 1. Usi n g a l ar g er d at a s et ( m or e s a m pli n g) or e x a mi ni n g t ot al 

p h os p h or us m a y gi v e a cl e ar er u n d erst a n di n g of t h e m o v e m e nt of p h os p h or us fr o m t h es e 

diff er e nt a gri c ult ur al m et h o ds. T h e a v er a g e diff er e n c e w h e n s u btr a cti n g b ott o m 

c o n c e ntr ati o n fr o m t o p c o n c e ntr ati o n b et w e e n t h e hi g h er r a n k e d m et h o ds (r a n k 3 a n d 4)  

w as 4 0. 1 3 m g/ k g, a n d 3 0. 3 4 m g/ k g b et w e e n l o w er r a n k e d m et h o ds (r a n k 1  a n d 2 ). 

S ali nit y h a d a m u c h cl e ar er tr e n d of l o w er s ali nit y i n hi g h er r a n k e d s oils, i n b ot h t h e t o p 

a n d b ott o m l a y ers. S oil or g a ni c m att er e x hi bits  v er y littl e v ari a n c e b et w e e n t h e t o ps a n d 

b ott o ms of hi g h er vs l o w er r a n k e d c at e g ori es. M ulti -s e as o n al s a m pli n g m a y i m pr o v e t h e 

u n d erst a n di n g of S O M i n all s oil a n d l a y ers. T h e t ot al % of nitr o g e n h a d a hi g h er % of 

nitr o g e n i n t h e c o n v e nti o n al m a n a g e d s oils, b ut t h er e is n ot t h at m u c h of v ari ati o n. T h e 

hi g h er % of nitr o g e n i n t h e c o n v e nti o n al fi el ds c o ul d b e a r es ult of nitr o g e n -b as e d 

f ertili z ers b ei n g i m pl e m e nt e d.  
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T h e n e xt f e w fi g ur es ill ustr at e a Pri n ci p al C o m p o n e nt A n al ysis ( P C A) t h at w as 

us e d t o e x a mi n e a n y tr e n ds, cl ust eri n g,  or o utli ers i n t h e d at a s et. Fi g ur e 2 4  s h o ws t h e 

dir e cti o n of i nfl u e n c e f or e a c h v ari a bl e us e d i n t h e P C A f or t h e s a m pl es fr o m t h e t o p 1 5  

c m l a y er. Fi g ur e 2 5  is a s c att er pl ot of t h e P C A, w hi c h h as t h e d at a p oi nts l a b el e d f or 

t h eir a gri c ult ur al m et h o d r a n ki n g a n d or g a ni z e d i n si z e b as e d o n t h eir a v ail a bl e 

p h os p h or us c o n c e ntr ati o n  a pr o mi n e nt n utri e nt i n d efi ni n g s oil h e alt h . Pri n ci pl e 

c o m p o n e nt a n al ysis is a n a d a pti v e d at a a n al ysis t e c h ni q u e, t h at is us e d f or r e d u ci n g 

di m e nsi o n alit y of d at as ets, i n cr e asi n g i nt er pr et a bilit y a n d at t h e s a m e ti m e mi ni mi zi n g 

i nf or m ati o n l oss (J oliff e, et. al, 2 0 1 6). T h e v ari a bilit y is d es cri b e d t h r o u g h P C A b y 

c o m p o n e nt m atri c es .  I n t his c as e t h e 2n d  a n d 3 r d c o m p o n e nt w er e c h os e n  as t h e a xis f or 

t h e s c att er pl ot. T h e v ari a n c e t h es e t w o c o m p o n e nts e x pl ai n s h o ws a cl e ar er pi ct ur e f or 

t h e d at a wit hi n t his r es e ar c h. A cl ust er of hi g h er r a n k e d a gri c ult ur al m et h o ds c a n b e s e e n 

i n t h e b ott o m l eft-h a n d  c or n er. T his cl ust er i n di c at es t h at s a m pl es i n t h e t o p 1 5 c m, h a d 

hi g h er p h os p h or us c o n c e ntr ati o ns, hi g h er nitr o g e n c o n c e ntr ati o n, as w ell as l o w er 

s ali nit y. T his r es ult w as alr e a d y a nti ci p at e d fr o m l o o ki n g a t t h e n u m b ers e arli er t hr o u g h 

b ar gr a p hs, b ut t his s c att er pl ot gi v es a b ett er vis u ali z ati o n t o t h e r el at e d n ess of t h e 

s a m pl es t h at w er e t est e d. Fi n all y, Fi g ur e 2 7  d es cri b es t h e t ot al v ari a n c e e x pl ai n e d wit hi n 

t h e c o m p o n e nts.  
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Fi g ur e 2 6  C o m p o n e nt M atri x f or P C A T o p 1 5 c m  f or f ar ms i n Tr u m b ull C o u nt y, O hi o 

 

Fi g ur e 2 7  T ot al V ari a n c e E x pl ai n e d f or P C A T o p 1 5 c m  f or f ar ms i n Tr u m b ull C o u nt y, 
O hi o  

 
 B el o w is a n ot h er P C A a n al ysis. T his ti m e t h e a n al ysis c o nsist e d of b ot h t h e t o p 

a n d b ott o m 1 5 c m of t h e s a m pl es. Fi g ur e 2 9 , t h e P C A s c att er pl ot is s et u p t h e s a m e wit h 

r a n ki n gs i d e ntif yi n g d at a p oi nts, a n d t h e si z e b ei n g di ct at e d b y t h e s a m pl e’s  p h os p h or us 

c o n c e ntr ati o n, t h e o nl y diff er e n c e is t h e a d diti o n of c ol or di ct at e d b y t h e l a y er t h at t h e 
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Fi g ur e 2 9  S c att er Pl ot of P C A a n al ysis C o m p o n e nts  1 & 2 i n cl u di n g T o p a n d B ott o m 1 5 
c m  f or f ar ms i n Tr u m b ull C o u nt y, O hi o 

 

 

Fi g ur e 3 0  C o m p o n e nt M atri x f or P C A a n al ysis T o p a n d B ott o m 1 5 c m  f or f ar ms i n 
Tr u m b ull C o u nt y, O hi o  
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Fi g ur e 3 1  T ot al V ari a n c e E x pl ai n e d f or P C A a n al ysis T o p a n d B ott o m 1 5 c m  f or f ar ms i n 
Tr u m b ull C o u nt y, O hi o  

 
T his r es e ar c h w as a gr e at pr o b e i nt o t h e c urr e nt sit u ati o n wit hi n t h e a gri c ult ur al 

e n vir o n m e nt a n d f o o d pr o d u cti o n i n t h e U nit e d St at es a n d t h e w orl d. W e oft e n f or g et 

h o w i m p a ctf ul f o o d pr o d u cti o n is o n v ari o us l e v els wit hi n s o ci et y. W h at w as s e e n fr o m 

t h e r es ults a n d d at a is t h at t h er e is s o m e v ari ati o n b et w e e n s oil q u alit y a n d h e alt h wit hi n 

diff er e nt a gri c ult ur al pr o c ess es. Alt h o u g h t h e v ari ati o ns s e e n w er e n ot d efi niti v e r es ults 

t o d e cl ar e t h at w h at w as s et o ut t o b e dis c o v er e d is 1 0 0 % tr u e, w h at w as disc o v er e d 

i m pli es t h at t h er e is s o m e tr ut h t o t h e ar g u m e nt. Fr o m t h e r es ults g at h er e d it is n ot 

d efi nit e n o w t h at i m pl e m e nti n g m or e c o ns er v ati o n al pr o c ess es, t h at c ut b a c k o n f u el, 

f ertili z ers, a n d v ari o us ot h er c osts ar e a m aj or b e n efit t o t h e s oil as w ell as a c ost s a vi n g 

pr a cti c e, b ut w h at w as f o u n d s h o ws t h at t h er e is pr o mis e fr o m i m pl e m e nti n g t h es e 

pr a cti c es. T his st arti n g p oi nt is s o m et hi n g t h at c a n b e i n v esti g at e d or e v al u at e d f urt h er. 

Cl e ar r es ults wit hi n l o w er s ali nit y, a n d mi n or tr e n ds wit hi n ot h er c h ar a ct eristi cs ar e 

l e a ni n g t o w ar ds c o ns er v ati o n al pr a cti c es t o b e b e n efi ci al t o s oil q u alit y h e alt h, as w ell as 

a c ost s a vi n g o pti o n f or a gri c ult ur al m a n g ers.   
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 T h e r es ults m a y h a v e b e e n i m p a ct e d b y t h e c o n diti o ns i n t h e s e as o n, pr e vi o us 

c ulti v at e d cr o ps f r o m t h e pl ots, as w ell as t h e y e ars c o ns er v ati o n al pr a cti c es h a v e b e e n 

i m pl e m e nt e d. E a c h s a m pl e w as r etri e v e d i n t h e f all s e as o n, a n d s o m e w er e r etri e v e d p ost-

h ar v est. T h es e u n a c c o u nt e d -f or v ari a bl es l e a d t o u n k n o w ns i n t h e r es ults. S u c h u n k n o w ns 

ar e h o w m u c h n utri e nts w er e a bs or b e d b y t h e c ulti v at e d cr o ps, a n d als o if t h e s oil q u alit y 

w o ul d b e b ett er or o pti m al t o t est wit hi n t h e s pri n g s e as o n, n e ar t h e ti m e cr o ps w o ul d b e 

pl a nt e d.  T h e ot h er u n a c c o u nt e d -f or v ari a bl e t h at m a y h a v e a n i m p a ct t o t h e r es ults is t h e 

ti m e t h at t h e c o ns er v ati o n al pr a cti c es h a v e b e e n i m pl e m e nt e d. T h e l o n g er t h es e pr a cti c es 

h a v e b e e n i m pl e m e nt e d t h e b ett er t h e s oil q u alit y is e x p e ct e d t o b e. Wit hi n t his r es e ar c h 

o nl y a f e w fi el ds h a v e b e e n i m pl e m e nti n g n o -till pr a cti c es f or a c o nti n u ati o n of y e ars. N o 

fi el d e x c e e d e d b ei n g wit hi n c o ns er v ati o n al pr a cti c es f or o v er 1 0 y e ars.  
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R etri e v e d fr o m: (Gi o gli o , et. al, 2 0 1 9) 

 

E c os yst e m  E S S e r vi c e  E S S u bs e r vi c e  
V al u ati o n 
M et h o d  

V al u e 
T y p e  V al u e  U nit  C u r r e n c y  

Y e a r Of 
P u bli c ati o n  

Cr o pl a n ds  Er osi o n  Er osi o n pr e v e nti o n  R e pl a c e m e nt C ost  A n n u al  1 0 6. 2 5  U S D/ h a/ yr  U S D oll ar  1 9 9 5  

Cr o pl a n ds  S oil f ertilit y  
M ai nt e n a n c e of s oil 
str u ct ur e  R e pl a c e m e nt C ost  A n n u al  1 6 8. 7 5  U S D/ h a/ yr  U S D oll ar  1 9 9 5  

Cr o pl a n ds  Er osi o n  Er osi o n pr e v e nti o n  
Miti g ati o n a n d 
R est or ati o n C ost  A n n u al  4 0  U S D/ h a/ yr  U S D oll ar  1 9 9 5  

R etri e v e d fr o m: (Pi m e nt el , et. al, 1 9 9 5) –  T h e E c o n o mi cs of E c os yst e ms a n d Bi o di v ersit y ( T E E B)  
 

Fi g ur e 3 2  Esti m at e d E c os yst e m V al u ati o ns  of a n n u al a gri c ult ur al a cr e a g e, c ar b o n 
st or a g e, a n d r e pl a c e m e nt c ost of s oil e c os yst e m s er vi c es.  

 

It e m	 T r u m b ull 	

F a r m s	 ................................................................................	 n u m b e r	 1, 0 3 6 	

L a n d	i n	f a r m s	........................................................................	 a c r e s 	 1 2 3, 6 5 4 	

A v e r a g e	 si z e	 of	f a r m	...................................... ...............	 a c r e s	 1 1 9 	

M e di a n	 si z e	 of	f a r m	......................................................	 a c r e s 	 4 7 	

E sti m at e d	 m a r k et	 v al u e	 of	l a n d	 a n d	 b uil di n g s: 	 	
A v e r a g e	 p e r	f a r m	 ........................................................	 d oll a r s	 5 1 6, 9 8 1 	

A v e r a g e	 p e r	 a c r e	........................................................	 d oll a r s 	 4, 3 3 1 	

E sti m at e d	 m a r k et	 v al u e	 of	 all	 m a c hi n e r y	 a n d	 e q ui p m e nt	 … … ….. $ 1, 0 0 0 	 1 1 2, 1 9 5 	

A v e r a g e	 p e r	f a r m	. .......................................................	 d oll a r s	 1 0 8, 2 9 7 	
 

Fi g ur e 3 3  2 0 1 7 C e ns us of A gri c ult ur e - C o u nt y D at a  U S D A, N ati o n al A gri c ult ur al 
St atisti cs S er vi c e  
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T h e ori gi n al t h o u g ht b e hi n d t his r es e ar c h c o nt ai n e d t h e el e m e nt of i n v esti g ati n g 

t h e e c os yst e m s er vi c es of s oil a n d t h e e c o n o mi cs b e hi n d t h e m. Fi g ur es 3 2 a n d 3 3 ar e 

pr es e nt e d t o s h o w c as e m o n et ar y v al u es a n d a d d p ers p e cti v e t o t h e e ntir et y of t h e r es e ar c h 

its i m p ort a n c e as w ell as t h e o v er all s o ci et al i nfl u e n c e of s oil’s e c os yst e m s er vi c es. T h e 

first c h art i n Fi g ur e 3 2 c o nsists of esti m at es f or t h e st at e of O hi o fr o m T h e O hi o St at e 

U ni v ersit y i n f all 2 0 1 9. T hr e e f a ct ors of i nt er est wit hi n t his c h art c o nsist of a gri c ult ur e, 

c ar b o n st or a g e, a n d all e c os yst e m s er vi c es. T h e s e c o n d c h art wit hi n Fi g ur e 3 2 s h o ws a n 

e x c er pt fr o m t h e T E E B d at a b as e, a n d a  st u d y d o n e b y (Pi m e nt el , et. al, 1 9 9 5). T his st u d y 

w as d o n e i n 1 9 9 5 f or t h e r e pl a c e m e nt c ost of er osi o n pr e v e nti o n a n d s oil f ertilit y a n d t h e 

miti g ati o n a n d r est or ati o n c ost of er osi o n pr e v e nti o n. T his c osts f or t h es e v al u es w o ul d b e 

i nfl at e d wit hi n t his ti m e p eri o d, b ut it p uts s o m e p ers p e cti v e o n t h e c ost ass o ci at e d wit h 

d etri m e nt al eff e cts t o s oil, a s w e k n o w p o or a gri c ult ur al m a n a g e m e nt c a n l e a v e s o m e 

fi el ds v ul n er a bl e t o er osi o n. Fi g ur e 3 3 is n ot a n esti m at e a n d  c o nsists of r e al r e p ort e d 

d at a. T his fi g ur e s h o w c as es h o w c ostl y a gri c ult ur al o p er ati o ns ar e, w e oft e n d o n ot 

r e ali z e t h at all f ar ms, s m all or l ar g e c ost a  c o nsi d er a bl e a m o u nt of m o n e y a n d i n v est o v er 

$ 1 0 0, 0 0 0 i nt o e q ui p m e nt t o b e f ull y o p er ati o n al. T h es e t w o fi g ur es w er e i n cl u d e d t o 

pr o vi d e i nsi g ht t o t h e o v er all c osts of e c os yst e m s er vi c es, r est ori n g e c os yst e m s er vi c es, 

a n d t h e g e n er al c osts of r u n ni n g a f ar m.  

 

F e rtili z e r	 C al c ul ati o n s: 	
 
 I n t er ms of m o n et ar y a n d e c o n o mi c c o n n e cti o ns t o a d dr ess q u esti o ns i n t h e t h esis, 

f ertili z er c osts b as e d o n f o u n d n utri e nt c o n c e ntr ati o ns i n t h e s a m pl es wit hi n t h eir 

r es p e cti v e a gri c ult ur al r a n k w er e c al c ul at e d . Fi g ur es 3 4  - 3 5  b el o w s h o w c as e t h e 

st atisti c al diff er e n c e b et w e e n c at e g ori es. I n Fi g ur e 3 4  c o nt ai ni n g p h os p h or us it c a n b e 
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s e e n t h at t h e r a n k of 3 is si g nifi c a ntl y diff er e nt fr o m r a n ki n gs 1, a n d 4, b ut n ot 2. 

R a n ki n gs 1, 2, a n d 4 ar e si g nifi c a ntl y t h e s a m e st atisti c all y. L o o ki n g at Fi g ur e 3 5  

c o nt ai ni n g p er c e nt nitr o g e n it c a n b e o bs er v e d t h at r a n k 4 is si g nifi c a ntl y diff er e nt fr o m 

r a n ks 1 a n d 3, b ut n ot 2. R a n ki n gs 1, 2, a n d 3 ar e si g nifi c a ntl y t h e s a m e st atisti c all y.  

 

 

Fi g ur e 3 4  P h os p h or us  c o n c e ntr ati o n si g nifi c a n c e c o m p aris o n. S a m pl es ar e fr o m f ar ms i n 
Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  . ( L S D –  m e a n c o m p aris o ns) 
* C ol u m ns wit h diff er e nt l ett ers ar e si g diff er e nt at < 0. 1 si g nifi c a n c e  

 

a a b

b

a

0. 0 0 0

1 0. 0 0 0

2 0. 0 0 0

3 0. 0 0 0

4 0. 0 0 0

5 0. 0 0 0

6 0. 0 0 0

7 0. 0 0 0

8 0. 0 0 0

9 0. 0 0 0

1 2 3 4

A gri c ult ur al M et h o d R a n k

P O 4- P, m g/ k g
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Fi g ur e 3 5  % Nitr o g e n  c o n c e ntr ati o n si g nifi c a n c e c o m p aris o n . S a m pl es ar e fr o m f ar ms i n 
Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  . ( L S D –  m e a n c o m p aris o ns) 
* C ol u m ns wit h diff er e nt l ett ers ar e si g diff er e nt at < 0. 1 si g nifi c a n c e  

 
T o  cr e at e  Fi g ur e 3 6  b el o w a s eri es of c al c ul ati o ns w er e m a d e. T h e a m o u nt of 

o bs er v e d t ot al p h os p h or us w as c o n v ert e d i nt o p p m, a n d t h e n m ulti pli e d b y 2 t o a c q uir e 

t h e p o u n ds of p h os p h or us p er a cr e ( Li u, et. al, 2 0 1 3). A c c or di n g t o N R C S a n d U S D A, t h e 

a m o u nt of or g a ni c n at ur all y o c c urri n g p h os p h or us is 1 3. 3 8 p o u n ds p er a cr e  ( S h ar pl e y, 

1 9 9 5) . T h e a m o u nt of esti m at e d n at ur all y o c c urri n g p h os p h or us w as t h e n s u btr a ct e d fr o m 

t h e c al c ul at e d p o u n ds of p h os p h or us p er a cr e. T his n e w n u m b er is a n esti m at e of t h e 

a m o u nt of p h os p h or us p er f ertili z er e a c h a gri c ult ur al m a n a g er w o ul d h a v e n e e d e d t o 

a p pl y. T h at n u m b er w as t h e n m ulti pli e d b y 2. 9 1 3 f or a c o n v ersi o n of t h e p o u n ds of 

f ertili z er p er a cr e f or t h at a m o u nt of p h os p h or us ( Li u, et. al, 2 0 1 3). T h e t ot al p o u n ds p er 

a cr e of f ertili z er w er e t h e n m ulti pli e d b y t h e c ost of p h os p h or us i n a c o m m o n f ertili z er 

us e d as a n e x a m pl e c all e d “ S u p er p h os p h at e ”  ( Fl y n n, 2 0 1 4). T his g a v e t h e d oll ar a m o u nt 

a
a b a

b

0. 0 0 0

0. 0 2 0

0. 0 4 0

0. 0 6 0

0. 0 8 0

0. 1 0 0

0. 1 2 0

0. 1 4 0

0. 1 6 0

0. 1 8 0

1 2 3 4

A gri c ult ur al M et h o d R a n k

% Nitr o g e n
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s h o w n i n t h e gr a p h b el o w f or h o w m u c h S u p er p h os p h at e p er p o u n d w o ul d h a v e n e e d e d 

t o b e p ur c h as e d i n or d er t o pr o d u c e t h e e xtr a ct e d p h os p h or us l e v els.   

 T h e r es ults fr o m t h e c al c ul ati o ns s h o w si mil ar r es ults t o Fi g ur e 3 4  a n d 3 5 , a b o v e. 

W h e n l o o ki n g at t h e hi g h er r a n k e d c at e g ori es s p e cifi c all y r a n k 3 , th e a m o u nt of 

p h os p h or us e xtr a ct e d fr o m t h es e s a m pl es e q u al e d ar o u n d $ 1 0 0. 0 0 m or e of f ertili z er 

c o m p ar e d t o t h e l o w er 2 r a n ki n gs. T his hi g h er a m o u nt c o ul d b e a r es ult of t h e fi el ds 

pr o d u ci n g e n o u g h p h os p h or us wit hi n t h e c o ns er v ati o n m et h o d n at ur all y, b ut f ertili z er 

w as still a d d e d d u e t o t h e n or m al pr o c ess or p arti c ul ar cr o p b ei n g gr o w n a n d  u n d erst o o d 

tr ust e d pr a cti c es. T his hi g h er a m o u nt c a n b e a n i n di c ati o n t h at t h er e is a n o p p ort u nit y t o 

s a v e m o n e y b y usi n g l ess f ertili z er. R a n k  3  h a d t h e hi g h est p h os p h or us l e v els a n d c o ul d 

c ut o ut ar o u n d 1 0 0 p o u n ds of p h os p h or us -b as e d  f ertili z er a n d still b e i n t h e o pti m u m 

p h os p h or us r a n g e, as w ell as l o w eri n g t h e p ot e nti al f or s urf a c e r u n off. Fi g ur e  3 6  als o 

s h o ws t h e mi ni m u m c ost f or t h e o pti m u m r a n g e of p h os p h or us wit h r a n k 4. T h e r a n g e of 

p h os p h or us is cr o p d e p e n d e nt a n d f erti li z er is a p pli e d b as e d o n n e e d. Wit hi n t his c at e g or y 

t w o fi el ds w er e i n a c o v er cr o p p h as e a n d  w er e i nt e nti o n all y gr o w n t o i n cr e as e s oil h e alt h 

a n d q u alit y. T h es e w er e n ot g oi n g t o b e c ulti v at e d a n d s ol d cr o ps;  t h er ef or e, it w o ul d b e 

u n d erst o o d w h y t h er e c o ul d b e a l o w er i m pl e m e nt ati o n of f ertili z er a n d l o w er p h os p h or us 

l e v els. E v e n wit h t his o bs er v ati o n t h e r a n k is still i n t h e o pti m u m r a n g e of p h os p h or us 

c o n c ert ati o n w hi c h is 3 0 –  5 0 m g/ k g  ( B e e gl e, 2 0 2 1).  
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Fi g ur e 3 6  C ost of s u p er p h os p h at e a p h os p h or us c o n c e ntr ati o n i n cr e asi n g f ertili z er. 
S a m pl es ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  

 

Fi g ur e 3 7  s h o w c as es t h e c osts of a p o p ul ar nitr o g e n e n h a n ci n g f ertili z er  n a m e d 

a n h y dr o us a m m o ni a. T h e c ost w as d et er mi n e d b y usi n g a f e w c o n v ersi o ns a n d 

c al c ul ati o ns. T h e first c o n v ersi o n m a d e w as c o n v erti n g % nitr o g e n t o p p m. 9 8 %  of 

nitr o g e n f o u n d i n s oil is i n or g a ni c f or ms a n d c a n n ot b e t a k e n u p b y pl a nts, o nl y 2 % of 

nitr o g e n is a ct u all y pl a nt a v ail a bl e ( C ars o n & P hilli ps, n. d.). T o c al c ul at e f or t h e nitr o g e n 

t h at is pl a nt a v ail a bl e t h e c o n c e ntr ati o n i n p p m w as m ulti pli e d b y 0. 0 2 t o fi n d t h e 2 % of 

nitr o g e n t h at is pl a nt a v ail a bl e.  N e xt p p m of pl a nt a v ail a bl e nitr o g e n h a d t o b e c o n v ert e d 

t o p o u n ds p er a cr e. T o c al c ul at e p o u n d p er a cr e t h e e q u ati o n ( d e pt h i n i n c h es di vi d e d b y 

3 a n d m ulti pli e d b y t est r es ults i n p p m) w as us e d  ( C a m b ert o, et al, 2 0 1 7). T o fi n d t h e 

a v er a g e a m o u nt of f ertili z er us e d wit hi n t h e m et h o d a n a v er a g e a m o u nt of pl a nt a v ail a bl e 

nitr o g e n p er a cr e w as s u btr a ct e d fr o m t h e r es ult of t h at e q u ati o n. T h e a v er a g e a m o u nt of 

nitr o g e n p er a cr e us e d w as 2, 8 0 0 p o u n ds , alt h o u g h t his esti m at e w as d et er mi n e d f or 

$ 1 8 0. 0 7 $ 1 7 5. 6 6 

$ 2 8 9. 7 1 

$ 1 2 2. 4 1 

$ 1 9 1. 9 6 

$ 0. 0 0

$ 5 0. 0 0

$ 1 0 0. 0 0

$ 1 5 0. 0 0

$ 2 0 0. 0 0

$ 2 5 0. 0 0

$ 3 0 0. 0 0

$ 3 5 0. 0 0

$ 4 0 0. 0 0

1 2 3 4 A v er a g e

A gri c ult ur al M et h o d R a n k

C ost of S u p er p h os p h at e i n $
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P e n ns yl v a ni a, d u e t o t h e r e gi o n al g e o gr a p hi c ar e a, a n d e x pl or a ti o n of t his r es e ar c h t his 

esti m at e is a d e q u at e.  (B e e gl e, 2 0 0 5 ). Usi n g t h e s a m e l o gi c i n t h e pr e vi o us c o n v ersi o n, t h e 

a v er a g e a m o u nt of n at ur all y o c c urri n g nitr o g e n ( 2, 8 0 0l bs) w as m ulti pli e d b y 0. 0 2 i n 

or d er t o c al c ul at e f or t h e pl a nt a v ail a bl e nitr o g e n of  t h e n at ur al o c c urri n g nitr o g e n i n 

p o u n ds p er a cr e ( C ars o n & P hilli ps, n. d.).  T h e n e w c al c ul at e d a m o u nt p o u n ds of nitr o g e n 

p er a cr e, w as t h e n m ulti pli e d b y t h e c o n c e ntr ati o n of nitr o g e n p er a n h y dr o us a m m o ni a 

w hi c h is 8 2 %. Fi n all y, a n h y dr o us a m m o ni a is pri c e d at $ 6 9 1 a t o n, or $ 0. 3 5 a p o u n d, t h is 

pri c e w as m ulti pli e d wit h t h e p o u n ds p er a cr e n e e d e d t o a c hi e v e t h e nitr o g e n 

c o n c e ntr ati o ns  ( S c h nit k e y, et. al, 2 0 2 1). 

T h e r es ults fr o m t h e c al c ul ati o ns a n d Fi g ur e 3 7  s h o w t h e esti m at e d c osts of 

f ertili z er e a c h a gri c ult ur al m et h o d w o ul d h a v e h a d t o a p pl y i n or d er t o r e a c h t h e nitr o g e n 

% c o n c e ntr ati o ns r e c or d e d. T h e a v er a g e t ot al nitr o g e n % f or s oil i n P e n ns yl v a ni a  is 

ar o u n d 0. 1 4 %  ( B e e gl e, 2 0 0 5). F or t his e x pl or at or y r e s e ar c h a n d t h e si mil arit y of g e ol o gi c 

l o c ati o n t o O hi o, usi n g a n a v er a g e f or P e n ns yl v a ni a is a d e q u at e. All s oil s a m pl es f ell 

b el o w t his a v er a g e. Fr o m t h e pr e vi o us r es ults Fi g ur e 1 3  a n d t h e c al c ul ati o ns it c a n b e 

o bs er v e d t h at t h e cl os est t o t h at a v er a g e is  a gri c ult ur al r a n k 3. Nitr o g e n c a n m a k e its w a y 

i nt o s oil i n v ari o us w a ys. I n t his e x pl or ati o n al e x er cis e w e ar e ass u mi n g a l ot. It c a n b e 

s e e n i n Fi g ur e 3 7  t h at ar o u n d $3 4. 7 6  c a n bri n g a s oil t o a n a d e q u at e a v er a g e a m o u nt of 

nitr o g e n, b ut w h at w as n ot m e a s ur e d is h o w m u c h nitr o g e n i n t h e s oil w as attri b ut e d 

or g a ni c all y or n at ur all y. I n t his s c e n ari o w e c a n o nl y ass u m e a n d m a k e a j u d g m e nt c all. 

T h e i n cr e as e of nitr o g e n c o n c e ntr ati o n i n r a n k 3 c o ul d attri b ut e t o t h e i n cr e as e i n 

c o ns er v ati o n m et h o ds as w ell a s t h e i m pl e m e nt ati o n of pr e vi o us a gri c ult ur al m et h o ds a n d 

a p pli c ati o ns , s u c h as utili zi n g f ertili z ers. T h e c o m bi n ati o n m a y b e t o bl a m e f or t h e 
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i n cr e as e of ar o u n d 2 0 0 p o u n ds of nitr o g e n b et w e e n r a n k 1 a n d r a n k 3. T h e ot h er it e m t o 

a d dr ess is t h e l o w er a m o u nt a n d c orr el at e d c ost wit hi n r a n k 4. T his c o ul d b e attri b ut e d t o 

t h e a v oi d a n c e of f ertili z er a n d i nt e nti o n t o b uil d s oil q u alit y i nst e a d of pr o d u ci n g a cr o p 

t o m o n eti z e as m e nti o n e d pr e vi o usl y. C o nsi d eri n g all ot h er s oil q u alit y c h ar a ct eristi cs, 

r a n k 4 still pr o d u c e d f airl y g o o d s oil, w h e n c al c ul ati n g nitr o g e n f ertili z er us e, t h e c ost is 

al m ost h alf of t h e l o w er r a n k e d s a m pl es wit h o ut b ei n g h alf of t h e c o n c e ntr ati o n , t his is 

a n ot h er ar e a t h at s h o ul d b e i n v esti g at e d f urt h er.  

 

Fi g ur e 3 7  C ost of a n h y dr o us a m m o ni a  a nitr o g e n  c o n c e ntr ati o n i n cr e asi n g f ertili z er . 
S a m pl es ar e fr o m f ar ms i n Tr u m b ull C o u nt y a n d pl a c e d b y a gri c ult ur al m et h o d r a n k.  

 

E x p e ct ati o ns f or t his r es e ar c h w er e m et i n a s e ns e t h at t his r es e ar c h w as 

p ur p os ef ull y e x pl or at or y. T h e i d e a b e hi n d t his r es e ar c h w as t o s e e if it c o ul d l o gi c all y b e 

d o n e, r e p e at e d, a n d if t h e d at a g at h er e d w o ul d b e us ef ul g oi n g f or w ar d. I n t h at s e ns e t h e 

e x p e ct ati o ns w er e e x c e e d e d. T h e e x p e ct ati o n f or t h e r es ults a n d t h e o v er all h y p ot h esis 

w er e p ar ti al m et. T h er e ar e s o m e c h ar a ct eristi cs t h at ar e s et a p art b et w e e n a gri c ult ur al 

$ 3 3. 3 6
$ 3 0. 3 4

$ 3 4. 7 6

$ 1 6. 8 0

$ 2 8. 8 1

0. 0 0

5. 0 0
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3 0. 0 0

3 5. 0 0

4 0. 0 0

4 5. 0 0

5 0. 0 0
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m et h o ds as st at e d pr e vi o usl y, b ut m or e d at a w o ul d b e n e e d e d  t o c o nfi d e ntl y d e cl ar e t h e 

r es ults t ot all y c o nfir m t h e h y p ot h esis: “ D iff er e nt a gri c ult ur al pr o c ess es c a n i m p a ct  s oil’s 

o v er all q u alit y  a n d  s ust ai n a bilit y . A gri c ult ur al pr a cti c es t h at c a n i nfl u e n c e s oil h e alt h 

i n cl u d e c o n v e nti o n al till a g e  vs.  n o -till m et h o ds a n d us e of ot h er c o ns er v ati o n m et h o ds 

s u c h as pl a nt r esi d u e, c o v er cr o p s, a n d cr o p r ot ati o n . Utili z ati o n of c o ns er v ati o n pr a cti c es 

will i m pr o v e t h e s oil q u alit y as m e as ur e d b y s el e ct s oil p ar a m et ers .”  O v er all,  t his 

r es e ar c h is a gr e at st arti n g p oi nt f or u n d erst a n di n g h o w t o m o v e f or w ar d, l e ar ni n g w h at 

w or ks, w h at c a n b e i m pr o v e d a n d w h at c a n b e a v oi d e d .  

 O n e t hi n g t o m e nti o n w h e n dis c ussi n g t his r es e ar c h is t h e c o m pl e xit y. St u di es 

si mil ar t o t his ar e m or e i nt e ns e, s pr e a d o ut o v er m or e ti m e, a n d d o n e wit h m or e h a n ds , 

a n d i n p ut. T his a v er y c o m pl e x t o pi c or it e m t o e v al u at e a n d  u n d erst a n d. T h er e ar e m a n y  

f a ct ors t h at c a n b e e v al u at e d, a n d s o m e v ari a bl es c a n b e n at ur all y t h e s a m e d u e t o t h e 

g e o gr a p hi c ar e a a n d p ar e nt m at eri al of t h e s oil. A d di n g a n e v al u ati o n of e c os yst e m 

s er vi c es, as w ell as e c o n o mi c i m p a cts or c osts , a d ds a n ot h er c o m pl e x el e m e nt  t o t h e 

a lr e a d y c o m pl e x i n v esti g ati o n. Alt h o u g h all  t h es e it e ms b uil d u p o n e a c h ot h er a n d ar e  t h e 

f o u n d ati o n f or h o w w e alr e a d y li v e-i n s o ci et y, p utti n g a m e as ur e m e nt t o all of t his will 

t a k e ti m e a n d a m u c h l o n g er st u d y wit h m ulti pl e p e o pl e e v al u ati n g t h e sit u ati on t hr o u g h  

diff er e nt a n gl es.  

 L astl y , it is i m p ort a nt t o dis c uss t h e e c o n o mi c i m p ort a n c e of t his w h ol e 

e x p eri m e nt, pl a n ni n g f or t h e r es e ar c h, a n d o bt ai ni n g cl e ar fi g ur es fr o m a gri c ult ur al 

or g a ni z ati o ns. T h e i m p ort a n c e f or si m pl y e m p h asi zi n g t h e e c o n o mi c i m p a ct of s oil 

q u alit y is a m aj or f a ct or f or s o ci et y m o vi n g f or w ar d. I n t h e c urr e nt ti m e p eri o d w e ar e i n, 

w e ar e e x p eri e n ci n g t h e eff e cts of cli m at e c h a n g e, a n d t h e r es ult of i n cr e as e d gl o b al 



 

8 2  
 

pr o d u cti o n, i n d ustri ali z e d a gri c ult ur e, a n d c o m m er ci ali z ati o n at a  gl o b al l e v el. N o w is a 

gr e at ti m e t o bri n g t o t h e f or efr o nt t h e c o nti n u o us tr a d e offs w e m a k e i n s o ci et y , 

es p e ci all y i n t h e f o o d pr o d u cti o n e n vir o n m e nt. E v er yt hi n g i n t h e n at ur al e n vir o n m e nt h as 

s o m e t y p e of e c o n o mi c v al u e. T h e w a y w e us e it e ms es p e ci all y e c os yst e m s er vi c es 

c o ntr a di cts t his st at e m e nt. T h e m or e a w ar e n ess br o u g ht t o t his f a ct will h el p e v ol v e o ur 

c urr e nt sit u ati o n a n d e n vir o n m e nt t o m a k e t h e c h all e n g es w e will f a c e i n t h e f ut ur e m or e 

m a n a g e a bl e. As f or pl a n ni n g, t his r es e ar c h d e v el o p e d as e x p l or at or y, a n d a t h o u g ht-o ut 

pl a n f or e x e c uti o n w as m a d e i n i n cr e m e nts t o m e eti n g g o als f or ti m e, d u e d at es, a n d 

c o m pl e xit y. A m or e t h or o u g h pl a n w o ul d h a v e r es ult e d i n a b ett er e x e c ut a bl e r es e ar c h. 

T h e pr o bl e m wit h d e v el o pi n g a t h o r o u g h pl a n, w as t h e r es e ar c h b e hi n d all c h ar a ct eristi cs 

a n d p ar a m et ers, t h eir i m p ort a n c e a n d h o w t o e v al u at e t h e m. Wit h t h e l e g w or k of t h at 

pr o c ess i n t h e p ast a n e w u p d at e d, pl a n of a cti o n c a n b e cr e at e d. L astl y g at h eri n g 

c o n cr et e n u m b ers f or f u el a n d s pe n di n g fr o m a gri c ult ur al or g a ni z ati o ns w as t h e ori gi n al 

pl a n b ut  cr e at e d a n ot h er l e g of r es e ar c h t h at c o ul d n ot h a v e b e e n d o n e wit hi n t h e ti m e 

fr a m e t h at w as all o c at e d. T h e n u m b ers g at h er e d w er e j ust r o u g h esti m at es a n d m or e of 

c at e g ori c al st at e m e nts t h at w er e n ot r e c or d e d j ust o bs er v e d. G at h eri n g c o n cr et e fi g ur es 

f or c osts a n d e x p e ns es p er e a c h m et h o d w o ul d h a v e cr e at e d a n ot h er v ari a bl e wit hi n t h e 

r es e ar c h t h at c o ul d h a v e all o w e d f or m u c h b ett er c o m p aris o ns wit hi n s p e n di n g r a n g es 

a n d r es ult of s oil q u alit y .  

R e c o m m e n d ati o n s 	
 
 R e c o m m e n d ati o ns f or t his r es e ar c h m ai nl y i n cl u d e e x p a n di n g t h e s a m pl es si z e, 

r e p e ati n g r e p etiti o ns, as w ell as c o nti n ui n g t h e i n v esti g ati o n o v er ti m e. As m e nti o n e d 

pr e vi o usl y m or e d at a, a n d r e p etiti o ns will c o nti n u e t o d e v el o p t h e n arr ati v e of t h e 
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r es e ar c h, t ell t h e st or y of t h e sit u ati o n m or e cl e arl y a n d h el p t o diff er e nti at e t h e b e n efits 

of e a c h a gri c ult ur al m et h o d c at e g or y. As o bs er v e d t h e m ost a d v ers e r es ult fr o m t h e 

r es e ar c h w as s ali nit y. It w o ul d b e i m p ort a nt m o vi n g f or w ar d t o i d e ntif y t h e m ai n 

c h ar a c t eristi cs t h at will h el p t o diff er e nti at e t h e a gri c ult ur al m et h o ds a n d  n arr o w t h e i n-

l a b t esti n g f or t h es e c h ar a ct eristi cs. A n ot h er r e c o m m e n d ati o n w o ul d b e t o c ar ef ull y pl a n 

a n d i m pl e m e nt a r e p e at a bl e pr o c ess t o i n cl u d e a n d e v al u at e e c o n o mi cs or c osts ass o ci at e d 

wit h e a c h a gri c ult ur al m et h o d. As dis c uss e d pr e vi o usl y t his w o ul d all o w f or a m or e  

d efi n a bl e c o m p aris o n wit hi n t h e d at a s ets. F or e x a m pl e,  if a c o n v e nti o n al pr o c ess 

d e v el o ps m or e s oil or g a ni c m at eri al, b ut t h e c ost is t w o ti m es t h at of a c o ns er v ati o n al 

pr o c ess a n d t h e b e n efit is b et w e e n 1 -2 p er c e nt a g e p oi nts it w o ul d b e m u c h e asi er t o m a k e 

a cl ai m r e g ar di n g w h at pr o c ess is m or e b e n efi ci al. W h e n l o o ki n g at t h e d at a st atisti c all y 

all t h e c h ar a ct eristi cs w er e s plit b et w e e n t o p 1 5 c m, a n d b ott o m 1 5 c m of a s oil pr o b e, 

e x c e pt b ul k d e nsit y a n d p or osit y w h er e o nl y t h e t o p 1 5 c m w as m e as ur e d. It is p ossi bl e t o 

p erf or m b ul k d e nsit y a n d m e as ur e p or osit y at t h e t o p a n d b ott o m l e v el s. It w o ul d b e 

r e c o m m e n d e d t o d o t h e m e as ur e m e nts f or b ot h l e v els t o g et a b ett er pict ur e of t h e s oil 

a n d d e v el o p b ett er c o m p aris o ns , f or o v er all d at a c o m p aris o ns as w ell as r u n ni n g 

st atisti c al a n al ys es . A d diti o n all y, r e c o m m e n d ati o ns c a n b e m a d e f or ot h er a n d m or e 

c h ar a ct eristi cs or v ari a bl es t o b e e v al u at e d. O n e c h ar a ct eristi c t h at c a n b e e v al u at e d is t h e 

fi el d its elf, t hr o u g h i d e ntif yi n g t o ps oil d e pt h, t h e s oil pr ofil e as w ell as ot h er v ari o us 

c h e c ks wit hi n t h e fi el d. A n ot h er c h ar a ct eristi c t h at w as f o u n d i n a st u d y w h e n r es e ar c hi n g 

is a n e v al u ati o n of e art h w or m pr es e n c e, t his w o ul d b e a gr e at a d diti o n t o t his r es e ar c h . 

Fi n all y, ot h er n utri e nts c a n b e e v al u at e d , s u c h as p ot assi u m, a n d als o t ot al or g a ni c 

c ar b o n , as w ell as a p h ysi c al c h ar a ct eristi cs s u c h as i nfiltr ati o n r at e c a n b e i n v esti g at e d.   
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 R e c o m m e n d ati o ns f or a gri c ult ur al m a n a g ers att e m pti n g t o i m pr o v e t h eir 

pr o c ess es t o b e c o m e m or e e n vir o n m e nt all y fri e n dl y or i m pr o v e s oil q u alit y a n d h e at h ar e 

as f oll o w e d. T h e first r e c o m m e n d ati o n w o ul d b e t o s e e k k n o wl e d g e or s elf -e d u c ati o n  o n 

c o ns er v ati o n -b as e d  m et h o ds. A s e c o n d r e c o m m e n d ati o n w o ul d b e t o s e e k assist a n c e or 

g ui d a n c e fr o m diff er e nt or g a ni z ati o ns t h at m a y b e of s er vi c e. T hir dl y, it w o ul d b e wis e t o 

e v al u at e c urr e nt pr o c ess es a n d m et h o ds. As k q u esti o ns t o t h e pr o v e n pr o c ess t o s e e w h at 

it e ms c a n b e r e c y cl e d if t h e y ar e n ot, w h er e c o v er cr o ps c a n b e i m pl e m e nt e d i nt o t h e 

pr o c ess t o a v oi d f u el c ost of tilli n g t h at fi el d, i d e ntif yi n g a cr o p t h at c a n b e pl a nt e d i n a 

n o -till pr o c ess s u c h as w h e at, b arl e y, r y e, or ot h er c er e als, cl o v ers, p e as, l u pi ns , a n d 

v et c h , as w ell as t a ki n g n ot e of t h e m ost e x p e nsi v e or c ostl y p arts of t h e or g a ni z ati o n. 

T h e first st e p of g ai ni n g k n o wl e d g e of c o ns er v ati o n al a gri c ult ur e m a y o p e n t h e d o or f or 

i m pl e m e nt ati o n as h ol es, a n d g a ps i n t h e pr o c ess ar e i d e ntifi e d. As t e c h n ol o g y i n cr e as es, 

s o d o es f ar mi n g or a gri c ult ur e e q ui p m e nt, m ost li k el y o n t h e h ori z o n , is el e ctri c p o w er e d 

m a c hi n er y. A r e c o m m e n d ati o n w o ul d b e t o l e as e i nst e a d of b u y as m u c h e q ui p m e nt as 

p ossi bl e, as t h es e n e w er t e c h n ol o gi es c a n b e br o u g ht t o t h e f or efr o nt a n d b e m or e 

effi ci e nt a n d c ost eff e cti v e as ti m e pr o gr ess es.  I nst e a d of c o m mitti n g t o a m a c hi n e it m a y 

b e b est wit hi n t his tr a nsiti o n p eri o d of o p er ati n g p o w er t o h a v e a v ail a bl e f u n ds f or b ett er 

d e cisi o ns i n t h e f ut ur e. A f o urt h r e c o m m e n d ati o n w o ul d b e t o e x p eri m e nt. E v er y o n e will 

h a v e diff er e nt s u c c ess wit h diff er e nt m et h o ds a n d pr o c ess es. Fr o m t h e a gri c ult ur al 

m a n a g ers t h at w er e m et wit hi n t his r es e ar c h it w as f o u n d t h at e a c h i n di vi d u al h a d a 

v ar yi n g e x p eri e n c e w h e n i m pl e m e nti n g c o ns er v ati o n al pr o c ess e s. S h ort t er m s u c c ess m a y 

d er ail a n d h as d er ail e d m a n y or g a ni z ati o ns t h at att e m pt e d  s wit c hi n g o v er t o m or e 

c o ns er v ati o n al pr o c ess es, b ut l o n g-t er m s u c c ess t h at r e q uir es c o m mit m e nt h as pr o v e n t o 



 

8 5  
 

b e as effi ci e nt or m or e effi ci e nt as c o n v e nti o n al a gri c ult ur e w hil e als o i n v esti n g i n s oil 

h e alt h a n d pr ot e cti n g e c os yst e m s er vi c es.  

C h a pt e r 6 : C o n cl u si o n  

As t his r es e ar c h c o nti n u es t o d e v el o p, t h e m ai n f a ct or f or a n i m pr o v e m e nt of 

q u alit y of lif e, as w ell as t h e c o ns er v ati o n of s oil f or e c o n o mi c, a n d e n vir o n m e nt al 

s ust ai n a bilit y, will ulti m at el y r el y o n l a w m a k ers or g o v er n m e nts. T h e p e o pl e will 

c o nti n u e t o s p e a k a n d dis c uss, t h e iss u es at h a n d a n d its i m p ort a n c e, b ut tr u e c h a n g e or 

i m pl e m e nt ati o n will n e e d t o b e g ui d e d b y n e wl y g e n er at e d l a ws or p oli ci es, t h at t a k e i nt o 

a c c o u nt all as p e cts of s oil’s b e n efits or e c os yst e m s er vi c es pr o vi d e d t o s o ci et y. It is 

u n d erst o o d t h at h u m a n lif e will c o nti n u e t o a d v a n c e, wit h c o m p ut er t e c h n ol o gi es, 

c o n v e ni e n c es, s ci e n c e, a n d a l ar g er p o p ul ati o n. B ef or e u p c o mi n g c h all e n g es aris e, it 

w o ul d b e wis e as a s o ci et y t o f o c us, e x a mi n e, a n al y z e,  a n d u n d erst a n d o ur m ai n lif eli n es, 

w hi c h c o nsist of s oil a n d w at er. W hil e s e ar c hi n g o n t h e i nt er n et it m a y b e r ar e t o fi n d 

i nst a n c es w h er e t his c o n v ers ati o n is b ei n g pr oj e ct e d t hr o u g h l e gisl ati o n wit hi n bills or 

a cts, i n t his c urr e nt er a. M u c h h as c h a n g e d si n c e pr e vi o us l a ws w er e e n a ct e d, a n d t h er e is 

m or e i nf or m ati o n, r es e ar c h, a n d u n d erst a n di n g t h a n e v er b ef or e. Hist ori c all y U. S. l a ws 

r e v ol vi n g ar o u n d s oil c o ns er v ati o n b e g a n wit h t h e S oil C o ns er v ati o n A ct of 1 9 3 5 a n d 

h a v e h a d a d v a n c e m e nts t hr o u g h o ut t h e 1 9 7 0s wit h t h e d e v el o p m e nt of t h e E P A 

( E n vir o n m e nt al Pr ot e cti o n A g e n c y), a n d ot h er a cts s u c h as t h e R es o ur c e C o ns er v ati o n 

a n d R e c o v er y A ct ( R C R A). M or e r e c e ntl y t h e m e nti o n of i n v esti n g i nt o s ust ai n a bl e 

f ar mi n g a n d l a n d us e pr a cti c es t o i n cr e as e s oil h e alt h h a v e b e e n m e nti o n e d a n d a p p e ar e d 

wit hi n l e gisl ati o n p us hi n g f or a “ Gr e e n N e w D e a l ”. T h er e is n o t elli n g if t his l e gisl ati o n 
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will m o v e f or w ar d i n t h e n e ar f ut ur e, b ut it is h o p ef ul a n d a g o o d st art f or t h e tr a nsiti o n of 

t h e p er c e pti o n of s oil, its us es, a n d h o w it i m p a cts s o ci et y, t o b e m or e wi d el y u n d erst o o d.  

E v er y fi v e y e ars c o n gr es s r e vi e ws t h e “ F ar m Bill ”, t h e c urr e nt A gri c ult ur al A ct of 2 0 1 8 

pr o vi d es f or t h e m o difi c ati o n a n d c o nti n u ati o n of pr o gr a ms t hr o u g h t h e e n d of Fis c al 

Y e ar 2 0 2 3 ( T h e Wil dlif e S o ci et y, 2 0 2 0). T h e F ar m Bill w as est a blis h e d d uri n g t h e gr e at 

d e pr essi o n wit h t h e A gri c ult ur al A dj ust m e nt A ct of 1 9 3 3 ( T h e Wil dlif e S o ci et y, 2 0 2 0). 

T his a ct e n c o ur a g e d c o ns er v ati o n a n d r ais e d f ar m i n c o m es b y p a yi n g f ar m ers t o r e d u c e 

cr o p pr o d u cti o n, t h us c orr e cti n g c o m m o dit y s ur pl us es ( T h e Wil dlif e S o ci et y, 2 0 2 0). Titl e 

II of t h e F ar m Bill f o c us es o n c o ns er v ati o n, a n d us u all y a c c o u nts f or 6-8 % of m a n d at or y 

F ar m Bill s p e n di n g , t h at r e pr es e nts t h e l ar g est si n gl e s o ur c e of f e d er al f u n di n g f or pri v at e 

l a n ds c o ns er v ati o n ( T h e Wil dlif e S o ci et y, 2 0 2 0). T h e c o ns er v ati o n pr o gr a ms d e v el o p e d 

b y Tit l e II, h el ps b uil d p u bli c -pri v at e p art n ers hi ps, b y pr o vi di n g t e c h ni c al assist a n c e a n d 

c ost -s h ari n g o pti o ns f or l a n d o w n ers wis hi n g t o v ol u nt aril y i m pr o v e h a bit ats f or fis h a n d 

wil dlif e, r e d u c e er osi o n, or a d dr ess ot h er n at ur al r es o ur c e c o n c er ns o n t h eir w or ki n g l a n d 

( T h e Wil dlif e S o ci et y, 2 0 2 0). T h es e pr o gr a ms i n cl u d e t h e C o ns er v ati o n R es er v e Pr o gr a m 

( C R P) r a n b y t h e F S A a n d N R C S, t h e A gri c ult ur al C o ns er v ati o n E as e m e nt Pr o gr a m 

( A C E P) r a n b y t h e N R C S, t h e C o ns er v ati o n St e w ar ds hi p Pr o gr a m ( C S P) f or w or ki n g 

l a nds r a n b y t h e N R C S, as w ell as t h e E n vir o n m e nt al Q u alit y I n c e nti v es Pr o gr a m ( E QI P) 

f or w or ki n g l a n ds r a n b y t h e N R C S ( T h e Wil dlif e S o ci et y, 2 0 2 0). C u m ul ati v e e nr oll m e nt 

i n t h es e pr o gr a ms r e a c h e d 4 6 6 milli o n a cr es i n 2 0 1 8, r o u g hl y e q ui v al e nt t o t h e l a n d ar ea 

m a n a g e d b y t h e N ati o n al P ar k S er vi c e, U. S. Fis h a n d Wil dlif e S er vi c e, a n d B ur e a u of 

L a n d M a n a g e m e nt ( T h e Wil dlif e S o ci et y, 2 0 2 0). It is esti m at e d b y t h e C o n gr essi o n al 
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B u d g et Offi c e t h at t h e c o ns er v ati o n s p e n di n g wit hi n t h e F ar m Bill fr o m 2 0 1 8 t o 2 0 2 8 

wil l i n cr e as e t o $ 5 9. 8 billi o n ( T h e Wil dlif e S o ci et y, 2 0 2 0). 

I n c o n cl usi o n t h e h y p ot h esis f or t his r es e ar c h is t e nt ati v el y r ej e ct e d, a d diti o n al 

s a m pli n g a n d a n al ysis is n e e d e d . I n c o m p aris o n t o l ar g er st u di es n o r es e ar c h d efi niti v el y 

c o n cl u d es t h at c o ns er v ati o n al a gri c ult ur al b e n efits i n cr e as e s oil q u alit y h e alt h, c ut s c osts, 

a n d c o ntri b ut e s t o i m pr o v e d e n vir o n m e nt al e c o n o mi cs f or t h e c o m m u nit y. T h es e st u di es 

us u all y s u g g est o pti misti c i nsi g hts i nt o w h at t h e i m p a cts a n d t h e b e n efits ar e fr o m 

v ari o us a gri c ult ur al o p er ati o ns. T his t y p e of i n v esti g ati o n is r el ati v el y n e w wit h all t hi n gs 

c o nsi d er e d. T h e i n d ustri al r e v ol uti o n a n d t h e c o m m er ci ali z ati o n of a gri c ult ur e a n d t h e 

f o o d pr o d u cti o n i n d ustr y is r el ati v el y n e w i n its elf als o. Wit hi n t h e p ast 2 5-3 0 y e ars m or e 

p e o pl e a n d s ci e ntist h a v e q u esti o n e d t h e r e alit y of t hi n gs wit hi n t his r e al m, a n d t h eir 

i m p a cts t o s o ci et y as w ell as e c o n o mi cs. T his r es e ar c h s p e cifi c all y pr o vi d es i nsi g ht t o 

w h at c a n p ossi bl y b e dis c o v er e d w h e n i n v esti g ati n g diff er e nt a gri c ult ur al m et h o ds  a n d 

t h e p ar a m et ers of t h e s oil t h e y i m p a ct. U nf ort u n at el y, i n t his r es e ar c h, ti m e is a h u g e 

f a ct or as w ell as l e v el of i n v esti g ati o n. T his r es e ar c h is a b e gi n n er l e v el pr o b e i nt o t h e 

sit u ati o n its elf. It is als o u nf ort u n at e t h at t his r es e ar c h di d n ot c oll e ct s a m pl es fr o m a f ull 

r e g e n er ati v e f ar mi n g a gri c ult ur al or g a ni z ati o n. R e g e n er ati v e f ar mi n g w o ul d b e t h e p e a k 

of c o ns er v ati o n al m a n a g e m e nt m et h o ds a n d  w o ul d b e a b ett er c o m p aris o n t o w h at w as 

c oll e ct e d t hr o u g h t his r es e ar c h. O n t h e ot h er h a n d of t h e s p e ct r u m, it w o ul d of b e e n gr e at 

t o h a v e g at h er e d s a m pl es fr o m a r e al c o m m er ci al a gri c ult ur al or g a ni z ati o n, or a n ar e a or 

fi el d k n o wn  t o h a v e a v er y l o w q u alit y s oil. O v er all , a c as e c a n b e m a d e f or t h e 

h y p ot h esis t o b e p arti all y a c c e pt e d. Sli g ht i m pr o v e m e nts i n s oil q u alit y h e alt h w er e s e e n 

i n t h e v ari o us a gri c ult ur al m et h o ds t est e d. T h e b est i n di c at or of c h a n g e wit hi n m et h o ds 
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w as s ali nit y w hi c h s h o w e d a cl e ar s e p ar ati o n b et w e e n c o ns er v ati o n al v ers us c o n v e nti o n al 

m et h o ds. Alt h o u g h w e di d n ot r e c ei v e d efi niti v e r es ults t h at p oi nt t o a c c e pti n g t h e 

h y p ot h esis, it is b eli e v e d  t h at wit h m or e r es e ar c h g at h er e d, a n d y e ars of c oll e cti n g 

s a m pl es a b ett er ar g u m e nt c a n b e m a d e a n d m or e d efi niti v e r es ults c a n b e pr es e nt e d t h at 

s h o w c as e i m pr o v e m e nt of s oil q u alit y h e at h, e c o s yst e m s er vi c es, a n d r e d u c e d c osts t o t h e 

a gri c ult ur al m a n a g er t hr o u g h i m pl e m e nt ati o n of a gri c ult ur al m a n a g e m e nt pr o c ess es.  
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J aj a, N. ( 2 0 1 6). U n d erst a n di n g t h e T e xt ur e of Y o ur S oil f or A gri c ult ur al 
Pr o d u cti vit y.  Vir gi ni a C o o p er ati v e E xt e nsi o n - Vir gi ni a St at e U ni v ersit y . 

J e n ni n gs, V., L ars o n, L., & Y u n, J. ( 2 0 1 6). A d v a n ci n g S ust ai n a bilit y t hr o u g h Ur b a n 
Gr e e n S p a c e: C ult ur al E c os yst e m S er vi c es, E q uit y, a n d S o ci a l D et er mi n a nts of 
H e alt h.  I nt er n ati o n al J o ur n al of E n vir o n m e nt al R es e ar c h a n d P u bli c H e alt h, 1 3 ( 2), 
1 9 6. d oi: 1 0. 3 3 9 0/ij er p h 1 3 0 2 0 1 9 6  

J olliff e, I. T., & C a di m a, J. ( 2 0 1 6). Pri n ci p al c o m p o n e nt a n al ysis: A r e vi e w a n d r e c e nt 
d e v el o p m e nts.  P hil os o p hi c al Tr a ns a ct i o ns of t h e R o y al S o ci et y A: M at h e m ati c al, 
P h ysi c al a n d E n gi n e eri n g S ci e n c es , 3 7 4 ( 2 0 6 5), 2 0 1 5 0 2 0 2. 
htt ps:// d oi. or g/ 1 0. 1 0 9 8/rst a. 2 0 1 5. 0 2 0 2   

J ó nss o n, J ó n & D a vi ds d ottir, Br y n hil d ur & Ni k ol ai dis, Ni k ol a os. ( 2 0 1 6). V al u ati o n of 
S oil E c os yst e m S er vi c es. 1 0. 1 0 1 6/ bs. a gr o n. 2 0 1 6. 1 0. 0 1 1.  

Kri e b el, D., Ti c k n er, J., E pst ei n, P., L e m o ns, J., L e vi ns, R., L o e c hl er, E. L., St ot o, M. 
( 2 0 0 1). T h e pr e c a uti o n ar y pri n ci pl e i n e n vir o n m e nt al s ci e n c e. E n vir o n m e nt al h e alt h 
p ers p e cti v es , 1 0 9 ( 9), 8 7 1– 8 7 6. d oi: 1 0. 1 2 8 9/ e h p. 0 1 1 0 9 8 7 1  

Ki ns m a n T o w ns hi p O hi o. ( n. d.). W el c o m e T o Ki ns m a n. R etri e v e d J a n u ar y 1 5, 2 0 2 0, 
fr o m htt p:// ki ns m a nt o w ns hi p. or g/ 

K u o, S., S p ar ks, D. L., P a g e, A. L., H el m k e, P. A., L o e p p ert, R. H., S olt a n p o ur, P. N., 
T a b at a b ai, M. A., J o h nst o n, C. T., & S u m n er , M. E. ( 1 9 9 6). C h a pt er 3 2: 
P h os p h or us. I n J. M. Bi g h a m ( E d.),  M et h o ds of S oil A n al ysis P art - 3: C h e mi c al 
M et h o ds S S S A B o o k S eri es  ( S er. 5, p p. 8 6 9– 9 2 0). ess a y, S oil S ci e n c e S o ci et y of 
A m eri c a.   

L e g h ari, S. J., W a h o c h o, N. A., L a g h ari, G. M., L a g h ari, A. H., B h a b h a n, G. M., T al p ur, 
K. H., . . . L as h ari, A. A. ( 2 0 1 6). R ol e of Nitr o g e n f or Pl a nt Gr o wt h a n d 
D e v el o p m e nt: A R e vi e w.  A d v a n c es i n E n vir o n m e nt al Bi ol o g y,  1 0 ( 9), 2 0 9-2 1 8. 
d oi:I S S N -1 9 9 5 -0 7 5 6  
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Li, S h e n g -Xi u & W a n g, Z h a o h ui & Mi a o, Y a n -F a n g & Li, S hi -Qi n g . ( 2 0 1 4). S oil 
Or g a ni c Nitr o g e n a n d Its C o ntri b uti o n t o Cr o p Pr o d u cti o n. J o ur n al of I nt e gr ati v e 
A gri c ult ur e . 1 3. 2 0 6 1– 2 0 8 0. 1 0. 1 0 1 6/ S 2 0 9 5 -3 1 1 9( 1 4) 6 0 8 4 7 -9.  

Li pi e c, J., K uś, J., Sł o wi ńs k a -J ur ki e wi c z, A., & N os al e wi c z, A. ( 2 0 0 6). S oil p or osit y a n d 
w at er i nfi ltr ati o n as i nfl u e n c e d b y till a g e m et h o ds. S oil a n d Till a g e R es e ar c h,  8 9 ( 2), 
2 1 0 -2 2 0. d oi: 1 0. 1 0 1 6/j.still. 2 0 0 5. 0 7. 0 1 2  

Li u, G., Li, Y., & G a z ul a, A. ( 2 0 1 3). C o n v ersi o ns of P arts P er Milli o n o n S oil T est 
R e p orts t o P o u n ds p er A cr e.  E DI S , 2 0 1 3 ( 1 0). htt ps:// d oi. or g/ 1 0. 3 2 4 7 3/ e dis -hs 1 2 2 9 -
2 0 1 3   

L U, Y., W A T KI N S, K. B., T E A S D A L E, J. R., & A B D U L -B A KI, A. A. ( 2 0 0 0). C o v er 
Cr o ps i n S ust ai n a bl e F o o d Pr o d u cti o n.  F o o d R e vi e ws I nt er n ati o n al,  1 6 ( 2), 1 2 1-1 5 7. 
d oi: 1 0. 1 0 8 1/fri -1 0 0 1 0 0 2 8 5  

Mill n er, A., & Olli vi er, H. ( 2 0 1 6). B eli efs, P oliti cs, a n d E n vir o n m e nt al P oli c y.  R e vi e w of 
E n vir o n m e nt al E c o n o mi cs a n d P oli c y, 1 0 ( 2), 2 2 6-2 4 4. d oi: 1 0. 1 0 9 3/r e e p/r e w 0 1 0  

M o hl er, C. L., & J o h ns o n, S. ( 2 0 0 9).  Cr o p R ot ati o n o n Or g a ni c F ar ms: A Pl a n ni n g 
M a n u al . It h a c a, N Y: N at ur al R es o ur c e, A gri c ult ur e, a n d E n gi n e eri n g S er vi c e 
( N R A E S). 

M w e n d e M ui n di, E. ( 2 0 1 9). U n d erst a n di n g s oil p h os p h or us.  I nt er n ati o n al J o ur n al of 
Pl a nt & S oil S ci e n c e,  1 -1 8. d oi: 1 0. 9 7 3 4/ij pss/ 2 0 1 9/ v 3 1i 2 3 0 2 0 8  

N ati o n al S ci e n c e a n d T e c h n ol o g y C o u n cil. ( 2 0 1 6).  T h e St at e a n d F ut ur e of U. S. 
S oils  ( U nit e d St at es of A m eri c a, S u b c o m mitt e e o n E c ol o gi c al S yst e ms, C o m mitt e e 
o n E n vir o n m e nt, N at ur al R es o ur c es, a n d S ust ai n a bilit y, N ati o n al S ci e n c e a n d 
T e c h n ol o g y C o u n cil). U nit e d St at es G o v er n m e nt.  

N ati o n al A gri c ult ur al St atisti cs S er vi c e, & U S D A, 2 0 1 7 C e ns us of A gri c ult ur e - O hi o 
( 2 0 1 9). U S D A.  

N ati o n al R es o ur c es C o ns er v ati o n S er vi c e, U S D A. ( n. d.).  S oil Or g a ni c M att er - S oil 
Q u alit y Kit - G ui d es f or E d u c at ors . S oil H e alt h f or E d u c at ors. 
htt ps:// w w w. nr cs. us d a. g o v/I nt er n et/ F S E _ D O C U M E N T S/ nr cs 1 4 2 p 2 _ 0 5 3 1 4 0. p df.   

N at ur al R es o ur c es C o ns er v ati o n S er vi c e , U S D A. ( n. d.). S oil p H - S oil Q u alit y Kit - 
G ui d es f or E d u c at ors . S oil H e alt h f or E d u c at ors. 
htt ps:// w w w. nr cs. us d a. g o v/I nt er n et/ F S E _ D O C U M E N T S/ nr cs 1 4 2 p 2 _ 0 5 3 2 9 3. p df.   

N at ur al R es o ur c e C o ns er v ati o n S er vi c e, U S D A. ( 2 0 1 5). S oil Q u alit y I n di c at ors, 
I nf or m ati o n S h e et. A v ail a bl e fr o m 
htt ps:// w w w. nr cs. us d a. g o v/ w ps/ p ort al/ nr cs/ d et ail/s oils/ h e alt h/ ass ess m e nt/ ? ci d =st el pr
d b 1 2 3 7 3 8 7 #  

N at ur al R es o ur c es C o ns er v ati o n S er vi c e O hi o. ( n. d.).  O hi o N R C S S oi ls. S oils | N R C S 
O hi o. htt ps:// w w w. nr cs. us d a. g o v/ w ps/ p ort al/ nr cs/ o h/s oils/.   
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N at ur al R es o ur c es C o ns er v ati o n S er vi c e P e n ns yl v a ni a. ( n. d.). N o -Till S oils. R etri e v e d 
J a n u ar y 1 5, 2 0 2 0, fr o m 
htt ps:// w w w. nr cs. us d a. g o v/ w ps/ p ort al/ nr cs/ d et ailf ull/ p a/s oils/ h e alt h/ ? ci d = nr cs e pr d 1 2
2 1 4 2 2  

N ei n a, D. ( 2 0 1 9). T h e r ol e of S oil p H i n pl a nt n utriti o n a n d S oil R e m e di ati o n.  A p pli e d 
a n d E n vir o n m e nt al S oil S ci e n c e, 2 0 1 9 , 1-9. d oi: 1 0. 1 1 5 5/ 2 0 1 9/ 5 7 9 4 8 6 9  

N els o n, D. W., S o m m ers, L. E., S p ar ks, D. L., P a g e, A. L., H el m k e, P. A., L o e p p ert , R. 
H., S olt a n p o ur, P. N., T a b at a b ai, M. A., J o h nst o n, C. T., & S u m n er, M. E. ( 1 9 9 6). 
C h a pt er 3 4: T ot al C ar b o n, Or g a ni c C ar b o n, a n d Or g a ni c M att er. I n J. M. Bi g h a m 
( E d.), M et h o ds of S oil A n al ysis P art - 3: C h e mi c al M et h o ds S S S A B o o k S eri es  ( S er. 
5, p p. 9 6 1 – 1 0 0 6). ess a y, S oil S ci e n c e S o ci et y of A m eri c a.   

N els o n, D. W. ( 1 9 8 2). Nitr o g e n -I n or g a ni c F or ms. I n D. K e e n e y ( A ut h or), M et h o ds of s oil 
a n al ysis. P art 2: C h e mi c al a n d mi cr o bi ol o gi c al pr o p erti es  ( p p. 6 4 3-6 9 4). M a dis o n, 
WI: A m eri c a n S o ci et y of A gr o n o m y.  

O hi o Di visi o n of G e ol o gi c S ur v e y , 2 0 0 5, Gl a ci al m a p of O hi o: O hi o D e p art m e nt of 
N at ur al R es o ur c es, Di visi o n of G e ol o gi c S ur v e y, p a g e -si z e m a p wit h t e xt, 2 p., s c al e 
1: 2, 0 0 0, 0 0 0.  

O hi o St at e U ni v ersit y E xt e nsi o n. ( n. d.).  S oil T y p e & Hist or y . S oil H e alt h. 
htt ps://s oil h e alt h. os u. e d u/s oil -h e alt h -ass ess m e nt/s oil -t y p e-hist or y.   

P as c u al, U., T er m a ns e n, M., H e dl u n d, K., Br uss a ar d, L., F a b er, J. H., F o u di, S., . . . 
J ør g e ns e n, S. L. ( 2 0 1 5). O n t h e v al u e of s oil bi o di v ersit y a n d e c os yst e m 
s er vi c es.  E c os yst e m S er vi c es,  1 5 , 1 1-1 8. d oi: 1 0. 1 0 1 6/j. e c os er. 2 0 1 5. 0 6. 0 0 2  

P ell a, E. 1 9 9 0. El e m e nt al or g a ni c a n al ysis. P art 1. A m. L a b 2 2: 1 1 6 -1 2 5  

P ess ar a kli, M., & S z a b ol cs, I. ( 1 9 9 9). S oil s ali nit y A N D S o di cit y as P arti c ul ar Pl a nt/ cr o p 
str ess f a ct ors.  H a n d b o o k of Pl a nt a n d Cr o p Str ess, F o urt h E diti o n,  2 , 1-1 5. 
d oi: 1 0. 1 2 0 1/ 9 7 8 1 3 5 1 1 0 4 6 0 9 -1  

Pi m e nt el, D., C. H ar v e y, P. R es os u d ar m o, K. Si n cl air, D. K ur z, M. M c N air, S. Crist, P. 
S p h prit z, L. Fitt o n, R. S aff o uri a n d R. Bl air ( 1 9 9 5) E n vir o n m e nt al a n d e c o n o mi c 
c osts of s oil er osi o n a n d c o ns er v ati o n b e n efits. S ci e n c e 2 6 7: 1 1 1 7 -1 1 2 3.  

Pri m m er, E., & F ur m a n, E. ( 2 0 1 2). O p er ati o n alisi n g e c os yst e m s er vi c e a p pr o a c h es f or 
g o v er n a n c e: D o m e as uri n g, m a p pi n g a n d v al ui n g i nt e gr at e s e ct or -s p e cifi c k n o wl e d g e 
s yst e ms ?  E c os yst e m S er vi c es,  1 ( 1), 8 5-9 2 . d oi: 1 0. 1 0 1 6/j. e c os er. 2 0 1 2. 0 7. 0 0 8 

Pr ot h er o, D. R. ( 2 0 0 8). A c c o u nti n g f or N at ur e.  Bi o S ci e n c e, 5 8 ( 2), 2 6 5-2 6 7. 
d oi: 1 0. 1 5 2/ bi o. 2 0 0 9. 5 9. 3. 1 3  

R e e u wij k, L. V. ( 2 0 0 2).  Pr o c e d ur es f or s oil a n al ysis . W a g e ni n g e n, N E D: I nt er n ati o n al 
S oil R ef er e n c e a n d I nf or m ati o n C e n tr e. 

R e e v es, D. ( 1 9 9 4). C o v er Cr o ps a n d R ot ati o ns.  Cr o ps R esi d u e M a n a g e m e nt A d v a n c es i n 
S oil S ci e n c e,  1 2 5 -1 7 2. d oi: 1 0. 1 2 0 1/ 9 7 8 1 3 5 1 0 7 1 2 4 6 -7  
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R ei d, W alt er & M o o n e y, H ar ol d & Cr o p p er, A & C a pistr a n o, D & C ar p e nt er, St e p h e n & 
C h o pr a, K arti k. ( 2 0 0 5). Mill e n ni u m E c os yst e m Ass ess m e nt. E c os yst e ms a n d h u m a n 
w ell -b ei n g: s y nt h esis.  

S a n c h e z, E. ( 2 0 1 5, F e br u ar y 1 6).  S ali n e S oils a n d Pl a nt Gr o wt h . P e n n St at e E xt e nsi o n. 
htt ps:// e xt e nsi o n. ps u. e d u/s ali n e -s oils -a n d -pl a nt -gr o wt h.   

S a n dif er, P. A., S utt o n -Gri er, A. E., & W ar d,  B. P. ( 2 0 1 5). E x pl ori n g c o n n e cti o ns a m o n g 
n at ur e, bi o di v ersit y, e c os yst e m s er vi c es, a n d h u m a n h e alt h a n d w ell -b ei n g: 
O p p ort u niti es t o e n h a n c e h e alt h a n d bi o di v ersit y c o ns er v ati o n.  E c os yst e m 
S er vi c es,  1 2 , 1-1 5. d oi: 1 0. 1 0 1 6/j. e c os er. 2 0 1 4. 1 2. 0 0 7  

S a u n d ers, W.  M., & M ets o n, A. J. ( 1 9 7 1). S e as o n al v ari ati o n of p h os p h or us i n s oil a n d 
p ast ur e.  N e w Z e al a n d J o ur n al of A gri c ult ur al R es e ar c h , 1 4 ( 2), 3 0 7– 3 2 8. 
htt ps:// d oi. or g/ 1 0. 1 0 8 0/ 0 0 2 8 8 2 3 3. 1 9 7 1. 1 0 4 2 7 0 9 7   

S c h nit k e y, G., S w a ns o n, K., & P a uls o n, N. ( 2 0 2 1, A pril 2 1).  F ertiliz er Pri c e I n cr e as es 
f or 2 0 2 1 Pr o d u cti o n. f ar m d o c d ail y. 
htt ps://f ar m d o c d ail y.illi n ois. e d u/ 2 0 2 1/ 0 4/f ertili z er -pri c e -i n cr e as es-f or-2 0 2 1 -
pr o d u cti o n. ht ml.   

S h a nstr o m, N. ( 2 0 1 4, J a n u ar y 1 3).  W h at is S oil Str u ct ur e a n d W h y is it I m p ort a nt ? | 
D e e p R o ot  Bl o g . Htt ps:// W w w. D e e pr o ot. C o m. htt ps:// w w w. d e e pr o ot. c o m/ bl o g/ bl o g-
e ntri es/ w h at -is-s oil-str u ct ur e -a n d -w h y -is-it-i m p ort a nt 

S h ar pl e y, A. ( 1 9 9 5, O ct o b er).  F at e a n d Tr a ns p ort of N utri e nts: P h os p h or us . N at ur al 
R es o ur c es C o ns er v ati o n S er vi c e S oils. 
htt ps:// w w w. nr cs. us d a. g o v/ w ps/ p ort al/ nr cs/ d et ail/s oils/s ur v e y/ ? ci d = nr cs 1 4 3 _ 0 1 4 2 0
3.   

S h ar pl e y, A., D a ni els, M., V a n D e v e n d er, K., & Sl at o n, N. ( 2 0 1 0, S e pt e m b er 7). S oil 
p h os p h or us: M a n a g e m e nt a n d R e c o m m e n d ati o ns - F S A 1 0 2 9. R etri e v e d A pril 1 1, 
2 0 2 1, fr o m htt p :// w w w. u a e x. e d u/ p u bli c ati o ns/ p df/ F S A-1 0 2 9. p df  

S m all, N., M u n d a y, M., & D ur a n c e, I. ( 2 0 1 7). T h e c h all e n g e of v al ui n g e c os yst e m 
s er vi c es t h at h a v e n o m at eri al b e n efits.  Gl o b al E n vir o n m e nt al C h a n g e, 4 4 , 5 7-6 7. 
d oi: 1 0. 1 0 1 6/j. gl o e n v c h a. 2 0 1 7. 0 3. 0 0 5  

S p ai n, A. V., I s b ell, R. F. a n d Pr o b ert, M. E. ( 1 9 8 3) Or g a ni c m att er c o nt e nts of A ustr ali a n 
s oils, i n S oils: A n A ustr ali a n Vi e w p oi nt, ( C SI R O, M el b o ur n e/ A c a d e mi c Pr ess, 
L o n d o n), p p. 5 5 1 -5 6 3.  

T h e E c o n o mi cs of E c os yst e ms a n d Bi o di v ersit y ( T E E B) d at a b as e ( n. d.) A v ail a bl e at 
ht t p:// w w w.t e e b w e b. or g/ p u bli c ati o n/tt h e-e c o n o mi cs -of -e c os yst e ms -a n d -bi o di v ersit y -
v al u ati o n -d at a b as e -m a n u al/  

T h e N ati o n al Wil dlif e F e d er ati o n. ( n. d.). E c os yst e m S er vi c es. R etri e v e d A u g ust 0 4, 
2 0 2 0, fr o m htt ps:// w w w. n wf. or g/ E d u c ati o n al -R es o ur c es/ Wil dlif e -
G ui d e / U n d erst a n di n g-C o ns er v ati o n/ E c os yst e m -S er vi c es  
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Tr u m b ull C o u nt y. ( n. d.). Tr u m b ull C o u nt y O HI O. R etri e v e d A pril 2 7, 2 0 2 1, fr o m 
htt p:// w w w. c o.tr u m b ull. o h. us/  

U nit e d St at es D e p art m e nt of A gri c ult ur e. ( 2 0 1 9, A pril 3 0).  U nit e d St at es D e p art m e nt of 
A gri c ult ur e - N ati o n al A gri c ult ur al St atisti cs S er vi c e . U S D A - N ati o n al 
A gri c ult ur al St atisti cs S er vi c e - Q ui c k St ats. 
htt ps:// w w w. n ass. us d a. g o v/ Q ui c k _ St ats/.   

U S D A -N R C S. ( 1 9 9 8, J a n u ar y).  S oil Q u alit y R es o ur c e C o n c er ns: A v ail a bl e W at er 
C a p a cit y . s oils. us d a. g o v. 
htt ps:// w w w. nr cs. us d a. g o v/I nt er n et/ F S E _ D O C U M E N T S/ nr cs 1 4 2 p 2 _ 0 5 1 2 7 9. p df.   

U ni v ersit y of N e br as k a -Li n c ol n. ( 2 0 1 9, J ul y 2 2). Till a g e a n d N o -Till S yst e ms. R etri e v e d 
J a n u ar y 1 5, 2 0 2 0, fr o m htt ps:// cr o p w at c h. u nl. e d u/till a g e  

V a n d er Pl o e g, S. a n d R. S. d e Gr o ot ( 2 0 1 0) T h e T E E B V al u ati o n D at a b as e –  a s e ar c h a bl e 
d at a b as e of 1 3 1 0 esti m at es of m o n et ar y v al u es of e c os yst e m s er vi c es. F o u n d ati o n 
f or S ust ai n a bl e D e v el o p m e nt, W a g e ni n g e n, T h e N et h erl a n ds. 

W hit e, P hili p & Br o w n, P atri c k. ( 2 0 1 0). Pl a nt n utriti o n f or s ust a i n a bl e d e v el o p m e nt a n d 
gl o b al h e alt h. A n n als of B ot a n y . 1 0 5. 1 0 7 3-8 0. 1 0. 1 0 9 3/ a o b/ m c q 0 8 5.  

Wi ki p e di a. ( 2 0 2 0, A pril 1 2). Bl o o mfi el d t o w ns hi p, Tr u m b ull C o u nt y, O hi o. R etri e v e d 
A pril 2 7, 2 0 2 1, fr o m 
htt ps:// e n. wi ki p e di a. or g/ wi ki/ Bl o o mfi el d _ T o w ns hi p, _ Tr u m b ull _ C o u nt y, _ O hi o  

W u est, S. ( 2 0 1 4). S e as o n al V ari ati o n i n S oil Or g a ni c C ar b o n.  S oil S ci e n c e S o ci et y of 
A m eri c a J o ur n al , 7 8 ( 4), 1 4 4 2– 1 4 4 7. htt ps:// d oi. or g/ 1 0. 2 1 3 6/sss aj 2 0 1 3. 1 0. 0 4 4 7   
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A c k n o wl e d g e m e nts  

 
 

T h a n k y o u t o Tr u m b ull S oil a n d W at er C o ns er v ati o n Distri ct f or pr o vi di n g f ar m 

c o nt a cts a n d e n c o ur a g e m e nt f or pr oj e ct.  A n d t h a n k y o u t o C a d e n B ar o n e f or h el pi n g 

wit h s a m pli n g. I n a d diti o n, t h a n k y o u t o E m m a Gr a y a n d Will o w Art h er h olt f or t a ki n g o n 

m e as uri n g mi cr o bi al r es pir ati o n e x p eri m e nts.  
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A p p e n di x  

S u m m a r y	 of	 all	 d at a	 c oll e ct e d	 	

 
T a bl e : S u m m ar y of all c oll e ct e d  d at a  f or f ar ms i n Tr u m b ull C o u nt y, O hi o 

F ar m / Fi el d N a m e  S a m pl e 
L o c ati o n  

Cr o p  C o n s er v ati o n 
M et h o d s  

A gri c ult
ur al 

M et h o d 
R a n ki n g  

L a y er 
( T =t o p 
1 5 c m, 

B = B ott o m)  

R e p  B ul k 
D e n sit y, 
g / c m 3  

% 
P or o sit y  

p H 1: 1 
W at er 
( A v g) 

p H 1: 2 
C a Cl 2  

P O 4 -P, 
m g / k g 
( A v g) 

S ali nit y, 
u S / c m 
( A v g) 

% S O M  T e xt ur e  % 
S a n d  

% Silt  % 
Cl a y  

T N %, 
m g / k

g  

Mill er F ar m R o a d si d e  Mill er F ar m  C or n  C  1  T  1  0. 9 4 3  6 4. 4 2  5. 2 4  4. 6 2  5 8. 1 4  0. 5 2 7  4. 2 4 2  Silt L o a m  1 7. 5 8  7 7. 3 4  5. 0 8  0. 1 4 7  

Mill er F ar m Mi d dl e Fi el d  Mill er F ar m  C or n  C  1  T  1  1. 2 6 4  5 2. 3 0  5. 3 3  4. 8  4 8. 9 2  0. 5 7 7  3. 8 7 6  Silt L o a m  2 0. 6 8  7 4. 2 8  5. 0 4  0. 1 4 4  

Mill er F ar m Fi el d F ar Ri g ht  Mill er F ar m  C or n  C  1  T  1  1. 0 9 9  5 8. 5 2  5. 7 6  5. 2 3  4 4. 6 7  0. 6 5  5. 1 1 9  Silt L o a m  2 5. 8 3  6 9. 6 5  4. 5 2  0. 1 3 6  

Mill er F ar m S -S W Fi el d   Mill er F ar m  C or n  C  1  T  1  1. 1 6 4  5 6. 0 7  5. 3 5  4. 9 8  6 8. 5 1  0. 5 5 9 5  4. 1 8 2  Silt L o a m  2 5. 9 0  7 0. 0 5  4. 0 5  0. 1 3 7  

S h a d y M a pl e Fi el d 3  S h a d y M a pl e  S o y B e a n  C R, C ( F all C hi s el)  1  T  1  1. 0 0 2  6 2. 1 9  5. 3 5  5. 2 8  5 8. 1 7  0. 8 5 9 5  5. 5 9 8  Silt L o a m  2 2. 8 8  7 3. 2 4  3. 8 8  0. 2 4 7  

S h a d y M a pl e Fi el d 3  S h a d y M a pl e  S o y B e a n  C R, C ( F all C hi s el)  1  T  2  1. 1 7 8  5 5. 5 4  5. 2 1  5. 0 6  6 0. 7 7  0. 6 9  3. 6 8 3  S a n d y L o a m  6 4. 2 3  3 4. 2  1. 5 7  0. 1 6  

Mill er F ar m R o a d si d e  Mill er F ar m  C or n  C  1  B  1  
  

4. 9 5  4. 3 4  2 5. 3 6  0. 4 0 7  2. 9 2 5  Silt L o a m  2 0. 9 1  7 4. 5 5  4. 5 4  0. 0 8 3  

Mill er F ar m Mi d dl e Fi el d  Mill er F ar m  C or n  C  1  B  1  
  

5. 2 6  4. 6 7  2 4. 6 0  0. 4 9 3 5  3. 0 9 6  Silt L o a m  2 2. 0 6  7 3. 7  4. 2 4  0. 1 0 2  

Mill er F ar m Fi el d F ar Ri g ht  Mill er F ar m  C or n  C  1  B  1  
  

5. 3 1  4. 5  2 3. 6 5  0. 4 6 9  3. 1 5 0  Silt  1 4. 2 4  8 0. 6 5  5. 1 1  0. 0 9 5  

Mill er F ar m S -S W Fi el d   Mill er F ar m  C or n  C  1  B  1  
  

5. 4 1  5. 1 4  5 3. 3 0  0. 5 8 2 5  3. 5 6 9  Silt L o a m  3 0. 7 4  6 5. 5 7  3. 6 9  0. 1 2 7  

S h a d y M a pl e Fi el d 3  S h a d y M a pl e  S o y B e a n  C R, C ( F all C hi s el)  1  B  1  
  

5. 3 6  4. 9  2 5. 0 2  0. 5 8 3  3. 5 5 5  Silt L o a m  2 7. 1 3  6 9. 2 8  3. 5 9  0. 1 3 5  

S h a d y M a pl e Fi el d 3  S h a d y M a pl e  S o y B e a n  C R, C ( F all C hi s el)  1  B  2  
  

4. 8 8  4. 4  2 5. 7 8  0. 5 3 2 5  2. 6 7 8  S a n d y L o a m  5 6. 9 2  4 1. 0 3  2. 0 5  0. 1 0 9  

S h a d y M a pl e Fi el d 2  S h a d y M a pl e  C or n  C R, R T  2  T  1  1. 3 1 2  5 0. 4 9  5. 2 4  4. 7 4  8 1. 1 0  0. 7 5 6 5  3. 7 9 9  Silt L o a m  3 6. 6 5  6 0. 0 7  3. 2 8  0. 1 5 4  

S h a d y M a pl e Fi el d 2 B a c k  S h a d y M a pl e  C or n  C R, R T  2  T  2  1. 3 3 0  4 9. 8 4  4. 9 2  4. 5  4 3. 8 9  0. 6 7  3. 8 0 5  Silt L o a m  3 4. 5 1  6 2. 3  3. 1 9  0. 1 6 9  

S h a d y M a pl e Fi el d 2  S h a d y M a pl e  C or n  C R, R T  2  B  1  
  

5. 0 8  4. 6 6  2 3. 8 0  0. 4 8 2 5  2. 5 8 1  Silt L o a m  4 2. 9 6  5 4. 3 3  2. 7 1  0. 0 8 5  

S h a d y M a pl e Fi el d 2 B a c k  S h a d y M a pl e  C or n  C R, R T  2  B  2  
  

5. 0 3  4. 5 7  1 9. 9 4  0. 5  2. 7 0 6  S a n d y L o a m  5 3. 5 9  4 3. 4 2  2. 9 9  0. 1 0 8  

Fir st Y e ar  F ar m er J eff  R a di s h e s  C R, C C, R T  3  T  1  1. 2 0 0  5 4. 7 0  5  4. 4 7  9 6. 2 3  0. 2 0 8 5  3. 6 1 7  Silt L o a m  1 8. 1 1  7 5. 0 2  6. 8 7  0. 1 2 4  

Fir st Y e ar  F ar m er J eff  R a di s h e s  C R, C C, R T  3  T  2  1. 1 9 6  5 4. 8 5  4. 8 3  4. 3 2  1 0 2. 0 0  0. 2 4 0 5  4. 5 1 6  Silt L o a m  2 6. 1 4  6 8. 3 3  5. 5 3  0. 1 5 8  

S h a d y M a pl e Fi el d 1 R y e  S h a d y M a pl e  R y e  C R, C C, N T  3  T  1  1. 2 6 3  5 2. 3 5  5. 2 4  4. 9 3  1 0 3. 0 6  0. 7 0 7  5. 5 2 1  Silt L o a m  3 0. 1 6  6 6. 7 4  3. 1  0. 2 4 6  

S h a d y M a pl e Fi el d 1 R y e  S h a d y M a pl e  R y e  C R, C C, N T  3  T  2  1. 1 0 9  5 8. 1 7  5. 0 1  4. 7 9  7 7. 6 0  0. 5 1 5 5  4. 7 7 9  Silt  1 4. 1 5  8 1. 4 2  4. 4 3  0. 1 9 4  

Fir st Y e ar  F ar m er J eff  R a di s h e s  C R, C C, R T  3  B  1  
  

5  4. 4 5  3 4. 4 7 8  0. 1 3 6 1 5  2. 4 4 6  Silt L o a m  1 6. 8 1  7 6. 9 4  6. 2 5  0. 0 6 6  

Fir st Y e ar  F ar m er J eff  R a di s h e s  C R, C C, R T  3  B  2  
  

4. 7 8  4. 2 4  4 0. 1 0 4  0. 1 4 5 6 5  N/ A  Silt L o a m  2 1. 4 4  7 1. 8 7  6. 6 9  0. 0 7 4  

S h a d y M a pl e Fi el d 1 R y e  S h a d y M a pl e  R y e  C R, C C, N T  3  B  1  
  

5. 2 9  5. 1 4  5 4. 0 4  0. 5 4 2  4. 0 5 3  Silt L o a m  2 1. 5 9  7 4. 6 5  3. 7 6  0. 1 6 6  

S h a d y M a pl e Fi el d 1 R y e  S h a d y M a pl e  R y e  C R, C C, N T  3  B  2  
  

4. 7 1  4. 4 5  1 4. 3 0  0. 3 9 6  2. 4 2 8  Silt L o a m  1 7. 3 0  7 8. 3 6  4. 3 4  0. 0 8  

C or n Fi el d  F ar m er J eff  C or n  C C, N T  4  T  1  1. 1 5 3  5 6. 4 7  5. 3 3  5. 0 6  1 8. 0 4 8  0. 2 2 5 5  3. 2 7 8  Silt L o a m  4 0. 4 7  5 5. 7 4  3. 7 9  0. 1 0 2  

C or n Fi el d  F ar m er J eff  C or n  C C, N T  4  T  2  1. 3 2 4  5 0. 0 4  5. 4 6  5. 3  2 2. 6 7 2  0. 2 3 3 5  3. 3 6 1  Silt L o a m  2 4. 9 0  7 0. 0 1  5. 0 9  0. 0 9 3  

Ol d Fi el d  F ar m er J eff  Gr a s s ( w h e at gr a s s)  C C, N T  4  T  1  1. 3 1 3  5 0. 4 5  4. 7  4. 5  4 5. 1 0  0. 2 6 6 5  3. 7 4 6  Silt L o a m  2 7. 1 3  6 5. 7 9  7. 0 8  0. 1 3 9  

Ol d Fi el d  F ar m er J eff  Gr a s s ( w h e at gr a s s)  C C, N T  4  T  2  1. 3 6 9  4 8. 3 3  4. 9 4  4. 6 2  8 2. 4 1  0. 2 9 7  3. 8 7 2  Silt L o a m  2 1. 7 9  7 2. 5 8  5. 6 3  0. 1 4 1  

C or n Fi el d  F ar m er J eff  C or n  C C, N T  4  B  1  
  

5. 5  5  2 2. 5 0 9  0. 1 3 8 8 5  2. 6 6 7  S a n d y L o a m  5 3. 3 3  4 4. 0  2. 6 0 5  0. 0 6 3  

C or n Fi el d  F ar m er J eff  C or n  C C, N T  4  B  2  
  

5. 4 1  5. 0 9  3 1. 6 8 3  0. 1 9 1 0 5  2. 9 7 6  L o a m y S a n d  7 2. 2 1  2 5. 8 2  1. 9 7  0. 0 7 6  

Ol d Fi el d  F ar m er J eff  Gr a s s ( w h e at gr a s s)  C C, N T  4  B  1  
  

5. 1 6  4. 7 1  6. 9 0 4  0. 1 4 0 9  2. 4 8 2  S a n d y L o a m  5 1. 6 6  4 4. 8 9  3. 4 5  0. 0 6 5  

Ol d Fi el d  F ar m er J eff  Gr a s s ( w h e at gr a s s)  C C, N T  4  B  2  
  

5. 2 8  4. 8 6  2 2. 0 6 7  0. 1 9 4 0 5  3. 0 9 6  L o a m y S a n d  7 6. 9 1  2 1. 5 1  1. 5 8  0. 0 8 8  
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C o r r el ati o n	 m at ri x	 of	 all	s oil	 q u alit y	 c h a r a ct e risti cs	 f r o m	 S P S S	
 

 
T a bl e : C orr el ati o n m atri x f or all s oil c h ar a ct eristi cs i n v esti g at e d f or f ar ms i n Tr u m b ull 
C o u nt y, O hi o  

M e a n	 C o m p a ris o n	 ( L S D	 &	 T u k e y	H S D )	f o r	 all	s oil	 c h a r a ct e risti cs	f r o m	 S P S S	
 

D e p e n d e nt 
V ari a bl e  

P o st H o c 
T e st  

(I) 
R A N K N U M B E R S  

(J) 
R A N K N U M B E R S  

M e a n Diff er e n c e 
(I-J) 

St d. Err or  Si g.  

9 5 % 
C o nfi d e n c e 
I nt er v al 
L o w er B o u n d  

9 5 % 
C o nfi d e n c e 
I nt er v al U p p er 
B o u n d  

       L o w er B o u n d  U p p er B o u n d  

B ul k D e n sit y, 
g/ c m 3  

T u k e y H S D  1  2  -0. 2 1 2 6 6 7  0. 0 7 8 0 6 3  0. 0 7 6  -0. 4 4 4 4 3  0. 0 1 9 1  

   3  -0. 0 8 3 8 7  0. 0 6 1 7 1 5  0. 5 4 6  -0. 2 6 7 0 9  0. 0 9 9 3 5  
   4  -0. 1 8 1 6 0 1  0. 0 6 1 7 1 5  0. 0 5 2  -0. 3 6 4 8 3  0. 0 0 1 6 2  
  2  1  0. 2 1 2 6 6 7  0. 0 7 8 0 6 3  0. 0 7 6  -0. 0 1 9 1  0. 4 4 4 4 3  
   3  0. 1 2 8 7 9 7  0. 0 8 2 7 9 9  0. 4 3 8  -0. 1 1 7 0 2  0. 3 7 4 6 2  
   4  0. 0 3 1 0 6 5  0. 0 8 2 7 9 9  0. 9 8 1  -0. 2 1 4 7 6  0. 2 7 6 8 9  
  3  1  0. 0 8 3 8 7  0. 0 6 1 7 1 5  0. 5 4 6  -0. 0 9 9 3 5  0. 2 6 7 0 9  
   2  -0. 1 2 8 7 9 7  0. 0 8 2 7 9 9  0. 4 3 8  -0. 3 7 4 6 2  0. 1 1 7 0 2  
   4  -0. 0 9 7 7 3 1  0. 0 6 7 6 0 5  0. 4 9 7  -0. 2 9 8 4 4  0. 1 0 2 9 8  
  4  1  0. 1 8 1 6 0 1  0. 0 6 1 7 1 5  0. 0 5 2  -0. 0 0 1 6 2  0. 3 6 4 8 3  
   2  -0. 0 3 1 0 6 5  0. 0 8 2 7 9 9  0. 9 8 1  -0. 2 7 6 8 9  0. 2 1 4 7 6  
   3  0. 0 9 7 7 3 1  0. 0 6 7 6 0 5  0. 4 9 7  -0. 1 0 2 9 8  0. 2 9 8 4 4  
 L S D  1  2  -. 2 1 2 6 6 7 * 0. 0 7 8 0 6 3  0. 0 1 8  -0. 3 8 2 7 5  -0. 0 4 2 5 8  
   3  -0. 0 8 3 8 7  0. 0 6 1 7 1 5  0. 1 9 9  -0. 2 1 8 3 3  0. 0 5 0 5 9  
   4  -. 1 8 1 6 0 1 * 0. 0 6 1 7 1 5  0. 0 1 2  -0. 3 1 6 0 7  -0. 0 4 7 1 4  
  2  1  . 2 1 2 6 6 7 * 0. 0 7 8 0 6 3  0. 0 1 8  0. 0 4 2 5 8  0. 3 8 2 7 5  
   3  0. 1 2 8 7 9 7  0. 0 8 2 7 9 9  0. 1 4 6  -0. 0 5 1 6 1  0. 3 0 9 2  
   4  0. 0 3 1 0 6 5  0. 0 8 2 7 9 9  0. 7 1 4  -0. 1 4 9 3 4  0. 2 1 1 4 7  
  3  1  0. 0 8 3 8 7  0. 0 6 1 7 1 5  0. 1 9 9  -0. 0 5 0 5 9  0. 2 1 8 3 3  
   2  -0. 1 2 8 7 9 7  0. 0 8 2 7 9 9  0. 1 4 6  -0. 3 0 9 2  0. 0 5 1 6 1  
   4  -0. 0 9 7 7 3 1  0. 0 6 7 6 0 5  0. 1 7 4  -0. 2 4 5 0 3  0. 0 4 9 5 7  
  4  1  . 1 8 1 6 0 1 * 0. 0 6 1 7 1 5  0. 0 1 2  0. 0 4 7 1 4  0. 3 1 6 0 7  
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   2  -0. 0 3 1 0 6 5  0. 0 8 2 7 9 9  0. 7 1 4  -0. 2 1 1 4 7  0. 1 4 9 3 4  
   3  0. 0 9 7 7 3 1  0. 0 6 7 6 0 5  0. 1 7 4  -0. 0 4 9 5 7  0. 2 4 5 0 3  

% P or o sit y  T u k e y H S D  1  2  8. 0 0 8 3 3 3  2. 9 4 7 6 2  0. 0 7 7  -0. 7 4 2 8 6  1 6. 7 5 9 5 2  
   3  3. 1 5 4 7 7  2. 3 3 0 2 9 8  0. 5 4 9  -3. 7 6 3 6 5  1 0. 0 7 3 1 9  
   4  6. 8 5 0 1 0 9  2. 3 3 0 2 9 8  0. 0 5 3  -0. 0 6 8 3 1  1 3. 7 6 8 5 3  
  2  1  -8. 0 0 8 3 3 3  2. 9 4 7 6 2  0. 0 7 7  -1 6. 7 5 9 5 2  0. 7 4 2 8 6  
   3  -4. 8 5 3 5 6 3  3. 1 2 6 4 2 3  0. 4 3 9  -1 4. 1 3 5 6  4. 4 2 8 4 8  
   4  -1. 1 5 8 2 2 4  3. 1 2 6 4 2 3  0. 9 8 2  -1 0. 4 4 0 2 6  8. 1 2 3 8 2  
  3  1  -3. 1 5 4 7 7  2. 3 3 0 2 9 8  0. 5 4 9  -1 0. 0 7 3 1 9  3. 7 6 3 6 5  
   2  4. 8 5 3 5 6 3  3. 1 2 6 4 2 3  0. 4 3 9  -4. 4 2 8 4 8  1 4. 1 3 5 6  
   4  3. 6 9 5 3 3 9  2. 5 5 2 7 1 3  0. 4 9 6  -3. 8 8 3 4 1  1 1. 2 7 4 0 9  
  4  1  -6. 8 5 0 1 0 9  2. 3 3 0 2 9 8  0. 0 5 3  -1 3. 7 6 8 5 3  0. 0 6 8 3 1  
   2  1. 1 5 8 2 2 4  3. 1 2 6 4 2 3  0. 9 8 2  -8. 1 2 3 8 2  1 0. 4 4 0 2 6  
   3  -3. 6 9 5 3 3 9  2. 5 5 2 7 1 3  0. 4 9 6  -1 1. 2 7 4 0 9  3. 8 8 3 4 1  
 L S D  1  2  8. 0 0 8 3 3 3 *  2. 9 4 7 6 2  0. 0 1 9  1. 5 8 6 0 2  1 4. 4 3 0 6 4  
   3  3. 1 5 4 7 7  2. 3 3 0 2 9 8  0. 2 0 1  -1. 9 2 2 5 1  8. 2 3 2 0 5  
   4  6. 8 5 0 1 0 9 *  2. 3 3 0 2 9 8  0. 0 1 2  1. 7 7 2 8 3  1 1. 9 2 7 3 9  
  2  1  -8. 0 0 8 3 3 3 *  2. 9 4 7 6 2  0. 0 1 9  -1 4. 4 3 0 6 4  -1. 5 8 6 0 2  
   3  -4. 8 5 3 5 6 3  3. 1 2 6 4 2 3  0. 1 4 7  -1 1. 6 6 5 4 5  1. 9 5 8 3 3  
   4  -1. 1 5 8 2 2 4  3. 1 2 6 4 2 3  0. 7 1 7  -7. 9 7 0 1 1  5. 6 5 3 6 7  
  3  1  -3. 1 5 4 7 7  2. 3 3 0 2 9 8  0. 2 0 1  -8. 2 3 2 0 5  1. 9 2 2 5 1  
   2  4. 8 5 3 5 6 3  3. 1 2 6 4 2 3  0. 1 4 7  -1. 9 5 8 3 3  1 1. 6 6 5 4 5  
   4  3. 6 9 5 3 3 9  2. 5 5 2 7 1 3  0. 1 7 3  -1. 8 6 6 5 5  9. 2 5 7 2 2  
  4  1  -6. 8 5 0 1 0 9 *  2. 3 3 0 2 9 8  0. 0 1 2  -1 1. 9 2 7 3 9  -1. 7 7 2 8 3  
   2  1. 1 5 8 2 2 4  3. 1 2 6 4 2 3  0. 7 1 7  -5. 6 5 3 6 7  7. 9 7 0 1 1  
   3  -3. 6 9 5 3 3 9  2. 5 5 2 7 1 3  0. 1 7 3  -9. 2 5 7 2 2  1. 8 6 6 5 5  

p H 1: 1 W at er 
( A v g) 

T u k e y H S D  1  2  0. 2 1 6 6 7  0. 1 3 0 7 7  0. 3 6 5  -0. 1 4 0 4  0. 5 7 3 7  

   3  . 3 0 1 6 7 * 0. 1 0 3 3 8  0. 0 3 3  0. 0 1 9 4  0. 5 8 3 9  
   4  0. 0 6 1 6 7  0. 1 0 3 3 8  0. 9 3 2  -0. 2 2 0 6  0. 3 4 3 9  
  2  1  -0. 2 1 6 6 7  0. 1 3 0 7 7  0. 3 6 5  -0. 5 7 3 7  0. 1 4 0 4  
   3  0. 0 8 5  0. 1 3 8 7  0. 9 2 7  -0. 2 9 3 7  0. 4 6 3 7  
   4  -0. 1 5 5  0. 1 3 8 7  0. 6 8 2  -0. 5 3 3 7  0. 2 2 3 7  
  3  1  -. 3 0 1 6 7 * 0. 1 0 3 3 8  0. 0 3 3  -0. 5 8 3 9  -0. 0 1 9 4  
   2  -0. 0 8 5  0. 1 3 8 7  0. 9 2 7  -0. 4 6 3 7  0. 2 9 3 7  
   4  -0. 2 4  0. 1 1 3 2 5  0. 1 7 2  -0. 5 4 9 2  0. 0 6 9 2  
  4  1  -0. 0 6 1 6 7  0. 1 0 3 3 8  0. 9 3 2  -0. 3 4 3 9  0. 2 2 0 6  
   2  0. 1 5 5  0. 1 3 8 7  0. 6 8 2  -0. 2 2 3 7  0. 5 3 3 7  
   3  0. 2 4  0. 1 1 3 2 5  0. 1 7 2  -0. 0 6 9 2  0. 5 4 9 2  
 L S D  1  2  0. 2 1 6 6 7  0. 1 3 0 7 7  0. 1 0 9  -0. 0 5 1 2  0. 4 8 4 5  
   3  . 3 0 1 6 7 * 0. 1 0 3 3 8  0. 0 0 7  0. 0 8 9 9  0. 5 1 3 4  
   4  0. 0 6 1 6 7  0. 1 0 3 3 8  0. 5 5 6  -0. 1 5 0 1  0. 2 7 3 4  
  2  1  -0. 2 1 6 6 7  0. 1 3 0 7 7  0. 1 0 9  -0. 4 8 4 5  0. 0 5 1 2  
   3  0. 0 8 5  0. 1 3 8 7  0. 5 4 5  -0. 1 9 9 1  0. 3 6 9 1  
   4  -0. 1 5 5  0. 1 3 8 7  0. 2 7 3  -0. 4 3 9 1  0. 1 2 9 1  
  3  1  -. 3 0 1 6 7 * 0. 1 0 3 3 8  0. 0 0 7  -0. 5 1 3 4  -0. 0 8 9 9  
   2  -0. 0 8 5  0. 1 3 8 7  0. 5 4 5  -0. 3 6 9 1  0. 1 9 9 1  
   4  -. 2 4 0 0 0 * 0. 1 1 3 2 5  0. 0 4 3  -0. 4 7 2  -0. 0 0 8  
  4  1  -0. 0 6 1 6 7  0. 1 0 3 3 8  0. 5 5 6  -0. 2 7 3 4  0. 1 5 0 1  
   2  0. 1 5 5  0. 1 3 8 7  0. 2 7 3  -0. 1 2 9 1  0. 4 3 9 1  
   3  . 2 4 0 0 0 * 0. 1 1 3 2 5  0. 0 4 3  0. 0 0 8  0. 4 7 2  

P O 4 -P, m g/ k g 
( A v g) 

T u k e y H S D  1  2  0. 8 9 1 6 7  1 4. 4 6 1 5 8  1  -3 8. 5 9 2 9  4 0. 3 7 6 3  

   3  -2 2. 1 5 2 3 3  1 1. 4 3 2 8 8  0. 2 3 6  -5 3. 3 6 7 7  9. 0 6 3  
   4  1 1. 6 5 0 0 4  1 1. 4 3 2 8 8  0. 7 4  -1 9. 5 6 5 3  4 2. 8 6 5 4  
  2  1  -0. 8 9 1 6 7  1 4. 4 6 1 5 8  1  -4 0. 3 7 6 3  3 8. 5 9 2 9  
   3  -2 3. 0 4 4  1 5. 3 3 8 8 2  0. 4 5  -6 4. 9 2 3 8  1 8. 8 3 5 8  
   4  1 0. 7 5 8 3 7  1 5. 3 3 8 8 2  0. 8 9 6  -3 1. 1 2 1 4  5 2. 6 3 8 1  
  3  1  2 2. 1 5 2 3 3  1 1. 4 3 2 8 8  0. 2 3 6  -9. 0 6 3  5 3. 3 6 7 7  
   2  2 3. 0 4 4  1 5. 3 3 8 8 2  0. 4 5  -1 8. 8 3 5 8  6 4. 9 2 3 8  
   4  3 3. 8 0 2 3 8  1 2. 5 2 4 0 9  0. 0 5 4  -0. 3 9 2 3  6 7. 9 9 7  
  4  1  -1 1. 6 5 0 0 4  1 1. 4 3 2 8 8  0. 7 4  -4 2. 8 6 5 4  1 9. 5 6 5 3  
   2  -1 0. 7 5 8 3 7  1 5. 3 3 8 8 2  0. 8 9 6  -5 2. 6 3 8 1  3 1. 1 2 1 4  
   3  -3 3. 8 0 2 3 7  1 2. 5 2 4 0 9  0. 0 5 4  -6 7. 9 9 7  0. 3 9 2 3  
 L S D  1  2  0. 8 9 1 6 7  1 4. 4 6 1 5 8  0. 9 5 1  -2 8. 7 3 1 5  3 0. 5 1 4 9  
   3  -2 2. 1 5 2 3 3  1 1. 4 3 2 8 8  0. 0 6 3  -4 5. 5 7 1 5  1. 2 6 6 9  
   4  1 1. 6 5 0 0 4  1 1. 4 3 2 8 8  0. 3 1 7  -1 1. 7 6 9 2  3 5. 0 6 9 2  
  2  1  -0. 8 9 1 6 7  1 4. 4 6 1 5 8  0. 9 5 1  -3 0. 5 1 4 9  2 8. 7 3 1 5  
   3  -2 3. 0 4 4  1 5. 3 3 8 8 2  0. 1 4 4  -5 4. 4 6 4 1  8. 3 7 6 1  
   4  1 0. 7 5 8 3 7  1 5. 3 3 8 8 2  0. 4 8 9  -2 0. 6 6 1 8  4 2. 1 7 8 5  
  3  1  2 2. 1 5 2 3 3  1 1. 4 3 2 8 8  0. 0 6 3  -1. 2 6 6 9  4 5. 5 7 1 5  



 

1 0 0  
 

   2  2 3. 0 4 4  1 5. 3 3 8 8 2  0. 1 4 4  -8. 3 7 6 1  5 4. 4 6 4 1  
   4  3 3. 8 0 2 3 8 *  1 2. 5 2 4 0 9  0. 0 1 2  8. 1 4 7 9  5 9. 4 5 6 8  
  4  1  -1 1. 6 5 0 0 4  1 1. 4 3 2 8 8  0. 3 1 7  -3 5. 0 6 9 2  1 1. 7 6 9 2  
   2  -1 0. 7 5 8 3 7  1 5. 3 3 8 8 2  0. 4 8 9  -4 2. 1 7 8 5  2 0. 6 6 1 8  
   3  -3 3. 8 0 2 3 7 *  1 2. 5 2 4 0 9  0. 0 1 2  -5 9. 4 5 6 8  -8. 1 4 7 9  

S ali nit y, u S/ c m 
( A v g) 

T u k e y H S D  1  2  -0. 0 2 4 7 0 8 3 3  0. 0 8 0 0 1 0 8 7  0. 9 9  -0. 2 4 3 1 6 2 9  0. 1 9 3 7 4 6 3  

   3  . 2 1 6 1 2 9 1 7 * 0. 0 6 3 2 5 4 1 5  0. 0 1  0. 0 4 3 4 2 5 6  0. 3 8 8 8 3 2 7  
   4  . 3 6 6 6 2 2 9 2 * 0. 0 6 3 2 5 4 1 5  <. 0 0 1  0. 1 9 3 9 1 9 4  0. 5 3 9 3 2 6 5  
  2  1  0. 0 2 4 7 0 8 3 3  0. 0 8 0 0 1 0 8 7  0. 9 9  -0. 1 9 3 7 4 6 3  0. 2 4 3 1 6 2 9  
   3  . 2 4 0 8 3 7 5 0 * 0. 0 8 4 8 6 4 3 5  0. 0 3 9  0. 0 0 9 1 3 1 4  0. 4 7 2 5 4 3 6  
   4  . 3 9 1 3 3 1 2 5 * 0. 0 8 4 8 6 4 3 5  <. 0 0 1  0. 1 5 9 6 2 5 1  0. 6 2 3 0 3 7 4  
  3  1  -. 2 1 6 1 2 9 1 7 * 0. 0 6 3 2 5 4 1 5  0. 0 1  -0. 3 8 8 8 3 2 7  -0. 0 4 3 4 2 5 6  
   2  -. 2 4 0 8 3 7 5 0 * 0. 0 8 4 8 6 4 3 5  0. 0 3 9  -0. 4 7 2 5 4 3 6  -0. 0 0 9 1 3 1 4  
   4  0. 1 5 0 4 9 3 7 5  0. 0 6 9 2 9 1 4 5  0. 1 5 6  -0. 0 3 8 6 9 3 5  0. 3 3 9 6 8 1  
  4  1  -. 3 6 6 6 2 2 9 2 * 0. 0 6 3 2 5 4 1 5  <. 0 0 1  -0. 5 3 9 3 2 6 5  -0. 1 9 3 9 1 9 4  
   2  -. 3 9 1 3 3 1 2 5 * 0. 0 8 4 8 6 4 3 5  <. 0 0 1  -0. 6 2 3 0 3 7 4  -0. 1 5 9 6 2 5 1  
   3  -0. 1 5 0 4 9 3 7 5  0. 0 6 9 2 9 1 4 5  0. 1 5 6  -0. 3 3 9 6 8 1  0. 0 3 8 6 9 3 5  
 L S D  1  2  -0. 0 2 4 7 0 8 3 3  0. 0 8 0 0 1 0 8 7  0. 7 6  -0. 1 8 8 6 0 3 2  0. 1 3 9 1 8 6 5  
   3  . 2 1 6 1 2 9 1 7 * 0. 0 6 3 2 5 4 1 5  0. 0 0 2  0. 0 8 6 5 5 8 9  0. 3 4 5 6 9 9 4  
   4  . 3 6 6 6 2 2 9 2 * 0. 0 6 3 2 5 4 1 5  <. 0 0 1  0. 2 3 7 0 5 2 7  0. 4 9 6 1 9 3 2  
  2  1  0. 0 2 4 7 0 8 3 3  0. 0 8 0 0 1 0 8 7  0. 7 6  -0. 1 3 9 1 8 6 5  0. 1 8 8 6 0 3 2  
   3  . 2 4 0 8 3 7 5 0 * 0. 0 8 4 8 6 4 3 5  0. 0 0 8  0. 0 6 7 0 0 0 8  0. 4 1 4 6 7 4 2  
   4  . 3 9 1 3 3 1 2 5 * 0. 0 8 4 8 6 4 3 5  <. 0 0 1  0. 2 1 7 4 9 4 5  0. 5 6 5 1 6 8  
  3  1  -. 2 1 6 1 2 9 1 7 * 0. 0 6 3 2 5 4 1 5  0. 0 0 2  -0. 3 4 5 6 9 9 4  -0. 0 8 6 5 5 8 9  
   2  -. 2 4 0 8 3 7 5 0 * 0. 0 8 4 8 6 4 3 5  0. 0 0 8  -0. 4 1 4 6 7 4 2  -0. 0 6 7 0 0 0 8  
   4  . 1 5 0 4 9 3 7 5 * 0. 0 6 9 2 9 1 4 5  0. 0 3 8  0. 0 0 8 5 5 6 7  0. 2 9 2 4 3 0 8  
  4  1  -. 3 6 6 6 2 2 9 2 * 0. 0 6 3 2 5 4 1 5  <. 0 0 1  -0. 4 9 6 1 9 3 2  -0. 2 3 7 0 5 2 7  
   2  -. 3 9 1 3 3 1 2 5 * 0. 0 8 4 8 6 4 3 5  <. 0 0 1  -0. 5 6 5 1 6 8  -0. 2 1 7 4 9 4 5  
   3  -. 1 5 0 4 9 3 7 5 * 0. 0 6 9 2 9 1 4 5  0. 0 3 8  -0. 2 9 2 4 3 0 8  -0. 0 0 8 5 5 6 7  

% S O M  T u k e y H S D  1  2  0. 5 8 3 5  0. 4 9 1 1 4  0. 6 3 9  -0. 7 6 0 5  1. 9 2 7 5  
   3  -0. 1 0 2 3 9  0. 4 0 4 5 8  0. 9 9 4  -1. 2 0 9 6  1. 0 0 4 8  
   4  0. 6 2 1 2 5  0. 3 8 8 2 8  0. 3 9 5  -0. 4 4 1 3  1. 6 8 3 8  
  2  1  -0. 5 8 3 5  0. 4 9 1 1 4  0. 6 3 9  -1. 9 2 7 5  0. 7 6 0 5  
   3  -0. 6 8 5 8 9  0. 5 3 3 1 9  0. 5 7 9  -2. 1 4 5  0. 7 7 3 2  
   4  0. 0 3 7 7 5  0. 5 2 0 9 3  1  -1. 3 8 7 8  1. 4 6 3 3  
  3  1  0. 1 0 2 3 9  0. 4 0 4 5 8  0. 9 9 4  -1. 0 0 4 8  1. 2 0 9 6  
   2  0. 6 8 5 8 9  0. 5 3 3 1 9  0. 5 7 9  -0. 7 7 3 2  2. 1 4 5  
   4  0. 7 2 3 6 4  0. 4 4 0 2 7  0. 3 7 2  -0. 4 8 1 2  1. 9 2 8 5  
  4  1  -0. 6 2 1 2 5  0. 3 8 8 2 8  0. 3 9 5  -1. 6 8 3 8  0. 4 4 1 3  
   2  -0. 0 3 7 7 5  0. 5 2 0 9 3  1  -1. 4 6 3 3  1. 3 8 7 8  
   3  -0. 7 2 3 6 4  0. 4 4 0 2 7  0. 3 7 2  -1. 9 2 8 5  0. 4 8 1 2  
 L S D  1  2  0. 5 8 3 5  0. 4 9 1 1 4  0. 2 4 5  -0. 4 2 4 2  1. 5 9 1 2  
   3  -0. 1 0 2 3 9  0. 4 0 4 5 8  0. 8 0 2  -0. 9 3 2 5  0. 7 2 7 7  
   4  0. 6 2 1 2 5  0. 3 8 8 2 8  0. 1 2 1  -0. 1 7 5 4  1. 4 1 7 9  
  2  1  -0. 5 8 3 5  0. 4 9 1 1 4  0. 2 4 5  -1. 5 9 1 2  0. 4 2 4 2  
   3  -0. 6 8 5 8 9  0. 5 3 3 1 9  0. 2 0 9  -1. 7 7 9 9  0. 4 0 8 1  
   4  0. 0 3 7 7 5  0. 5 2 0 9 3  0. 9 4 3  -1. 0 3 1 1  1. 1 0 6 6  
  3  1  0. 1 0 2 3 9  0. 4 0 4 5 8  0. 8 0 2  -0. 7 2 7 7  0. 9 3 2 5  
   2  0. 6 8 5 8 9  0. 5 3 3 1 9  0. 2 0 9  -0. 4 0 8 1  1. 7 7 9 9  
   4  0. 7 2 3 6 4  0. 4 4 0 2 7  0. 1 1 2  -0. 1 7 9 7  1. 6 2 7  
  4  1  -0. 6 2 1 2 5  0. 3 8 8 2 8  0. 1 2 1  -1. 4 1 7 9  0. 1 7 5 4  
   2  -0. 0 3 7 7 5  0. 5 2 0 9 3  0. 9 4 3  -1. 1 0 6 6  1. 0 3 1 1  
   3  -0. 7 2 3 6 4  0. 4 4 0 2 7  0. 1 1 2  -1. 6 2 7  0. 1 7 9 7  

% S a n d  T u k e y H S D  1  2  -1 2. 8 3 5 8 3  8. 5 7 6 0 8  0. 4 5 3  -3 6. 2 5 1 2  1 0. 5 7 9 5  
   3  8. 3 7 9 1 7  6. 7 7 9 9 9  0. 6 1  -1 0. 1 3 2 3  2 6. 8 9 0 6  
   4  -1 6. 9 5 8 3 3  6. 7 7 9 9 9  0. 0 8 2  -3 5. 4 6 9 8  1. 5 5 3 1  
  2  1  1 2. 8 3 5 8 3  8. 5 7 6 0 8  0. 4 5 3  -1 0. 5 7 9 5  3 6. 2 5 1 2  
   3  2 1. 2 1 5  9. 0 9 6 3 1  0. 1 1 5  -3. 6 2 0 8  4 6. 0 5 0 8  
   4  -4. 1 2 2 5  9. 0 9 6 3 1  0. 9 6 8  -2 8. 9 5 8 3  2 0. 7 1 3 3  
  3  1  -8. 3 7 9 1 7  6. 7 7 9 9 9  0. 6 1  -2 6. 8 9 0 6  1 0. 1 3 2 3  
   2  -2 1. 2 1 5  9. 0 9 6 3 1  0. 1 1 5  -4 6. 0 5 0 8  3. 6 2 0 8  
   4  -2 5. 3 3 7 5 0 *  7. 4 2 7 1  0. 0 1  -4 5. 6 1 5 8  -5. 0 5 9 2  
  4  1  1 6. 9 5 8 3 3  6. 7 7 9 9 9  0. 0 8 2  -1. 5 5 3 1  3 5. 4 6 9 8  
   2  4. 1 2 2 5  9. 0 9 6 3 1  0. 9 6 8  -2 0. 7 1 3 3  2 8. 9 5 8 3  
   3  2 5. 3 3 7 5 0 *  7. 4 2 7 1  0. 0 1  5. 0 5 9 2  4 5. 6 1 5 8  
 L S D  1  2  -1 2. 8 3 5 8 3  8. 5 7 6 0 8  0. 1 4 6  -3 0. 4 0 3 1  4. 7 3 1 5  
   3  8. 3 7 9 1 7  6. 7 7 9 9 9  0. 2 2 7  -5. 5 0 9  2 2. 2 6 7 3  
   4  -1 6. 9 5 8 3 3 *  6. 7 7 9 9 9  0. 0 1 8  -3 0. 8 4 6 5  -3. 0 7 0 2  
  2  1  1 2. 8 3 5 8 3  8. 5 7 6 0 8  0. 1 4 6  -4. 7 3 1 5  3 0. 4 0 3 1  
   3  2 1. 2 1 5 0 0 *  9. 0 9 6 3 1  0. 0 2 7  2. 5 8 2 1  3 9. 8 4 7 9  



 

1 0 1  
 

   4  -4. 1 2 2 5  9. 0 9 6 3 1  0. 6 5 4  -2 2. 7 5 5 4  1 4. 5 1 0 4  
  3  1  -8. 3 7 9 1 7  6. 7 7 9 9 9  0. 2 2 7  -2 2. 2 6 7 3  5. 5 0 9  
   2  -2 1. 2 1 5 0 0 *  9. 0 9 6 3 1  0. 0 2 7  -3 9. 8 4 7 9  -2. 5 8 2 1  
   4  -2 5. 3 3 7 5 0 *  7. 4 2 7 1  0. 0 0 2  -4 0. 5 5 1 2  -1 0. 1 2 3 8  
  4  1  1 6. 9 5 8 3 3 *  6. 7 7 9 9 9  0. 0 1 8  3. 0 7 0 2  3 0. 8 4 6 5  
   2  4. 1 2 2 5  9. 0 9 6 3 1  0. 6 5 4  -1 4. 5 1 0 4  2 2. 7 5 5 4  
   3  2 5. 3 3 7 5 0 *  7. 4 2 7 1  0. 0 0 2  1 0. 1 2 3 8  4 0. 5 5 1 2  

% Silt  T u k e y H S D  1  2  1 1. 9 3 0 8 3 3  7. 9 4 1 5 4 3  0. 4 5  -9. 7 5 2 0 5  3 3. 6 1 3 7 2  
   3  -7. 2 0 4 1 6 7  6. 2 7 8 3 4 1  0. 6 6 4  -2 4. 3 4 5 9 9  9. 9 3 7 6 6  
   4  1 6. 9 1 1 4 5 8  6. 2 7 8 3 4 1  0. 0 5 4  -0. 2 3 0 3 7  3 4. 0 5 3 2 9  
  2  1  -1 1. 9 3 0 8 3 3  7. 9 4 1 5 4 3  0. 4 5  -3 3. 6 1 3 7 2  9. 7 5 2 0 5  
   3  -1 9. 1 3 5  8. 4 2 3 2 7 9  0. 1 2 9  -4 2. 1 3 3 1 8  3. 8 6 3 1 8  
   4  4. 9 8 0 6 2 5  8. 4 2 3 2 7 9  0. 9 3 4  -1 8. 0 1 7 5 5  2 7. 9 7 8 8  
  3  1  7. 2 0 4 1 6 7  6. 2 7 8 3 4 1  0. 6 6 4  -9. 9 3 7 6 6  2 4. 3 4 5 9 9  
   2  1 9. 1 3 5  8. 4 2 3 2 7 9  0. 1 2 9  -3. 8 6 3 1 8  4 2. 1 3 3 1 8  
   4  2 4. 1 1 5 6 2 5 *  6. 8 7 7 5 7 8  0. 0 0 8  5. 3 3 7 6 9  4 2. 8 9 3 5 6  
  4  1  -1 6. 9 1 1 4 5 8  6. 2 7 8 3 4 1  0. 0 5 4  -3 4. 0 5 3 2 9  0. 2 3 0 3 7  
   2  -4. 9 8 0 6 2 5  8. 4 2 3 2 7 9  0. 9 3 4  -2 7. 9 7 8 8  1 8. 0 1 7 5 5  
   3  -2 4. 1 1 5 6 2 5 *  6. 8 7 7 5 7 8  0. 0 0 8  -4 2. 8 9 3 5 6  -5. 3 3 7 6 9  
 L S D  1  2  1 1. 9 3 0 8 3 3  7. 9 4 1 5 4 3  0. 1 4 4  -4. 3 3 6 6 8  2 8. 1 9 8 3 5  
   3  -7. 2 0 4 1 6 7  6. 2 7 8 3 4 1  0. 2 6 1  -2 0. 0 6 4 7 7  5. 6 5 6 4 3  
   4  1 6. 9 1 1 4 5 8 *  6. 2 7 8 3 4 1  0. 0 1 2  4. 0 5 0 8 6  2 9. 7 7 2 0 6  
  2  1  -1 1. 9 3 0 8 3 3  7. 9 4 1 5 4 3  0. 1 4 4  -2 8. 1 9 8 3 5  4. 3 3 6 6 8  
   3  -1 9. 1 3 5 0 0 0 *  8. 4 2 3 2 7 9  0. 0 3 1  -3 6. 3 8 9 3  -1. 8 8 0 7  
   4  4. 9 8 0 6 2 5  8. 4 2 3 2 7 9  0. 5 5 9  -1 2. 2 7 3 6 8  2 2. 2 3 4 9 3  
  3  1  7. 2 0 4 1 6 7  6. 2 7 8 3 4 1  0. 2 6 1  -5. 6 5 6 4 3  2 0. 0 6 4 7 7  
   2  1 9. 1 3 5 0 0 0 *  8. 4 2 3 2 7 9  0. 0 3 1  1. 8 8 0 7  3 6. 3 8 9 3  
   4  2 4. 1 1 5 6 2 5 *  6. 8 7 7 5 7 8  0. 0 0 2  1 0. 0 2 7 5 4  3 8. 2 0 3 7 1  
  4  1  -1 6. 9 1 1 4 5 8 *  6. 2 7 8 3 4 1  0. 0 1 2  -2 9. 7 7 2 0 6  -4. 0 5 0 8 6  
   2  -4. 9 8 0 6 2 5  8. 4 2 3 2 7 9  0. 5 5 9  -2 2. 2 3 4 9 3  1 2. 2 7 3 6 8  
   3  -2 4. 1 1 5 6 2 5 *  6. 8 7 7 5 7 8  0. 0 0 2  -3 8. 2 0 3 7 1  -1 0. 0 2 7 5 4  

% Cl a y  T u k e y H S D  1  2  0. 9 0 4 1 6 7  0. 7 9 9 9 4 6  0. 6 7 4  -1. 2 7 9 9 4  3. 0 8 8 2 7  
   3  -1. 1 7 4 5 8 3  0. 6 3 2 4 1 3  0. 2 6 9  -2. 9 0 1 2 7  0. 5 5 2 1  
   4  0. 0 4 7 2 9 2  0. 6 3 2 4 1 3  1  -1. 6 7 9 3 9  1. 7 7 3 9 8  
  2  1  -0. 9 0 4 1 6 7  0. 7 9 9 9 4 6  0. 6 7 4  -3. 0 8 8 2 7  1. 2 7 9 9 4  
   3  -2. 0 7 8 7 5  0. 8 4 8 4 7 1  0. 0 9 1  -4. 3 9 5 3 4  0. 2 3 7 8 4  
   4  -0. 8 5 6 8 7 5  0. 8 4 8 4 7 1  0. 7 4 5  -3. 1 7 3 4 6  1. 4 5 9 7 1  
  3  1  1. 1 7 4 5 8 3  0. 6 3 2 4 1 3  0. 2 6 9  -0. 5 5 2 1  2. 9 0 1 2 7  
   2  2. 0 7 8 7 5  0. 8 4 8 4 7 1  0. 0 9 1  -0. 2 3 7 8 4  4. 3 9 5 3 4  
   4  1. 2 2 1 8 7 5  0. 6 9 2 7 7 4  0. 3 1 1  -0. 6 6 9 6 1  3. 1 1 3 3 6  
  4  1  -0. 0 4 7 2 9 2  0. 6 3 2 4 1 3  1  -1. 7 7 3 9 8  1. 6 7 9 3 9  
   2  0. 8 5 6 8 7 5  0. 8 4 8 4 7 1  0. 7 4 5  -1. 4 5 9 7 1  3. 1 7 3 4 6  
   3  -1. 2 2 1 8 7 5  0. 6 9 2 7 7 4  0. 3 1 1  -3. 1 1 3 3 6  0. 6 6 9 6 1  
 L S D  1  2  0. 9 0 4 1 6 7  0. 7 9 9 9 4 6  0. 2 6 8  -0. 7 3 4 4 5  2. 5 4 2 7 8  
   3  -1. 1 7 4 5 8 3  0. 6 3 2 4 1 3  0. 0 7 4  -2. 4 7 0 0 2  0. 1 2 0 8 6  
   4  0. 0 4 7 2 9 2  0. 6 3 2 4 1 3  0. 9 4 1  -1. 2 4 8 1 5  1. 3 4 2 7 3  
  2  1  -0. 9 0 4 1 6 7  0. 7 9 9 9 4 6  0. 2 6 8  -2. 5 4 2 7 8  0. 7 3 4 4 5  
   3  -2. 0 7 8 7 5 0 *  0. 8 4 8 4 7 1  0. 0 2 1  -3. 8 1 6 7 6  -0. 3 4 0 7 4  
   4  -0. 8 5 6 8 7 5  0. 8 4 8 4 7 1  0. 3 2 1  -2. 5 9 4 8 9  0. 8 8 1 1 4  
  3  1  1. 1 7 4 5 8 3  0. 6 3 2 4 1 3  0. 0 7 4  -0. 1 2 0 8 6  2. 4 7 0 0 2  
   2  2. 0 7 8 7 5 0 *  0. 8 4 8 4 7 1  0. 0 2 1  0. 3 4 0 7 4  3. 8 1 6 7 6  
   4  1. 2 2 1 8 7 5  0. 6 9 2 7 7 4  0. 0 8 9  -0. 1 9 7 2 1  2. 6 4 0 9 6  
  4  1  -0. 0 4 7 2 9 2  0. 6 3 2 4 1 3  0. 9 4 1  -1. 3 4 2 7 3  1. 2 4 8 1 5  
   2  0. 8 5 6 8 7 5  0. 8 4 8 4 7 1  0. 3 2 1  -0. 8 8 1 1 4  2. 5 9 4 8 9  
   3  -1. 2 2 1 8 7 5  0. 6 9 2 7 7 4  0. 0 8 9  -2. 6 4 0 9 6  0. 1 9 7 2 1  

T N %, m g/ k g  T u k e y H S D  1  2  0. 0 0 6 1 6 7  0. 0 2 6 5 9  0. 9 9 6  -0. 0 6 6 4 3  0. 0 7 8 7 6  
   3  -0. 0 0 3 3 3 3  0. 0 2 1 0 2 1  0. 9 9 9  -0. 0 6 0 7 3  0. 0 5 4 0 6  
   4  0. 0 3 9 2 9 2  0. 0 2 1 0 2 1  0. 2 6 4  -0. 0 1 8 1  0. 0 9 6 6 9  
  2  1  -0. 0 0 6 1 6 7  0. 0 2 6 5 9  0. 9 9 6  -0. 0 7 8 7 6  0. 0 6 6 4 3  
   3  -0. 0 0 9 5  0. 0 2 8 2 0 3  0. 9 8 7  -0. 0 8 6 5  0. 0 6 7 5  
   4  0. 0 3 3 1 2 5  0. 0 2 8 2 0 3  0. 6 4 7  -0. 0 4 3 8 8  0. 1 1 0 1 3  
  3  1  0. 0 0 3 3 3 3  0. 0 2 1 0 2 1  0. 9 9 9  -0. 0 5 4 0 6  0. 0 6 0 7 3  
   2  0. 0 0 9 5  0. 0 2 8 2 0 3  0. 9 8 7  -0. 0 6 7 5  0. 0 8 6 5  
   4  0. 0 4 2 6 2 5  0. 0 2 3 0 2 7  0. 2 7 2  -0. 0 2 0 2 5  0. 1 0 5 5  
  4  1  -0. 0 3 9 2 9 2  0. 0 2 1 0 2 1  0. 2 6 4  -0. 0 9 6 6 9  0. 0 1 8 1  
   2  -0. 0 3 3 1 2 5  0. 0 2 8 2 0 3  0. 6 4 7  -0. 1 1 0 1 3  0. 0 4 3 8 8  
   3  -0. 0 4 2 6 2 5  0. 0 2 3 0 2 7  0. 2 7 2  -0. 1 0 5 5  0. 0 2 0 2 5  
 L S D  1  2  0. 0 0 6 1 6 7  0. 0 2 6 5 9  0. 8 1 8  -0. 0 4 8 3  0. 0 6 0 6 3  
   3  -0. 0 0 3 3 3 3  0. 0 2 1 0 2 1  0. 8 7 5  -0. 0 4 6 3 9  0. 0 3 9 7 3  
   4  0. 0 3 9 2 9 2  0. 0 2 1 0 2 1  0. 0 7 2  -0. 0 0 3 7 7  0. 0 8 2 3 5  
  2  1  -0. 0 0 6 1 6 7  0. 0 2 6 5 9  0. 8 1 8  -0. 0 6 0 6 3  0. 0 4 8 3  



 

1 0 2  
 

T a bl e : M e a n c o m p aris o n f or all s oil c h ar a ct eristi cs i n v esti g at e d f or f ar ms i n Tr u m b ull 
C o u nt y, O hi o  

E x cl u d e d	 V a ri a bl es	f o r	 Li n e a r	 R e g r essi o n	 of	 %	 Nit r o g e n 	

 
T a bl e : E x cl u d e d v ari a bl es f or li n e ar r e gr essi o n of % nitr o g e n f or f ar ms i n Tr u m b ull 
C o u nt y, O hi o  

   3  -0. 0 0 9 5  0. 0 2 8 2 0 3  0. 7 3 9  -0. 0 6 7 2 7  0. 0 4 8 2 7  
   4  0. 0 3 3 1 2 5  0. 0 2 8 2 0 3  0. 2 5  -0. 0 2 4 6 5  0. 0 9 0 9  
  3  1  0. 0 0 3 3 3 3  0. 0 2 1 0 2 1  0. 8 7 5  -0. 0 3 9 7 3  0. 0 4 6 3 9  
   2  0. 0 0 9 5  0. 0 2 8 2 0 3  0. 7 3 9  -0. 0 4 8 2 7  0. 0 6 7 2 7  
   4  0. 0 4 2 6 2 5  0. 0 2 3 0 2 7  0. 0 7 5  -0. 0 0 4 5 4  0. 0 8 9 7 9  
  4  1  -0. 0 3 9 2 9 2  0. 0 2 1 0 2 1  0. 0 7 2  -0. 0 8 2 3 5  0. 0 0 3 7 7  
   2  -0. 0 3 3 1 2 5  0. 0 2 8 2 0 3  0. 2 5  -0. 0 9 0 9  0. 0 2 4 6 5  
   3  -0. 0 4 2 6 2 5  0. 0 2 3 0 2 7  0. 0 7 5  -0. 0 8 9 7 9  0. 0 0 4 5 4  

p H 1: 2 C a Cl 2  T u k e y H S D  1  2  0. 2 0 9 1 7  0. 1 6 8 6 8  0. 6 0 7  -0. 2 5 1 4  0. 6 6 9 7  
   3  0. 2 2 7 9 2  0. 1 3 3 3 5  0. 3 3 8  -0. 1 3 6 2  0. 5 9 2  
   4  -0. 0 6 5 8 3  0. 1 3 3 3 5  0. 9 6  -0. 4 2 9 9  0. 2 9 8 3  
  2  1  -0. 2 0 9 1 7  0. 1 6 8 6 8  0. 6 0 7  -0. 6 6 9 7  0. 2 5 1 4  
   3  0. 0 1 8 7 5  0. 1 7 8 9 1  1  -0. 4 6 9 7  0. 5 0 7 2  
   4  -0. 2 7 5  0. 1 7 8 9 1  0. 4 3  -0. 7 6 3 5  0. 2 1 3 5  
  3  1  -0. 2 2 7 9 2  0. 1 3 3 3 5  0. 3 3 8  -0. 5 9 2  0. 1 3 6 2  
   2  -0. 0 1 8 7 5  0. 1 7 8 9 1  1  -0. 5 0 7 2  0. 4 6 9 7  
   4  -0. 2 9 3 7 5  0. 1 4 6 0 8  0. 2 0 8  -0. 6 9 2 6  0. 1 0 5 1  
  4  1  0. 0 6 5 8 3  0. 1 3 3 3 5  0. 9 6  -0. 2 9 8 3  0. 4 2 9 9  
   2  0. 2 7 5  0. 1 7 8 9 1  0. 4 3  -0. 2 1 3 5  0. 7 6 3 5  
   3  0. 2 9 3 7 5  0. 1 4 6 0 8  0. 2 0 8  -0. 1 0 5 1  0. 6 9 2 6  
 L S D  1  2  0. 2 0 9 1 7  0. 1 6 8 6 8  0. 2 2 5  -0. 1 3 6 4  0. 5 5 4 7  
   3  0. 2 2 7 9 2  0. 1 3 3 3 5  0. 0 9 8  -0. 0 4 5 2  0. 5 0 1 1  
   4  -0. 0 6 5 8 3  0. 1 3 3 3 5  0. 6 2 5  -0. 3 3 9  0. 2 0 7 3  
  2  1  -0. 2 0 9 1 7  0. 1 6 8 6 8  0. 2 2 5  -0. 5 5 4 7  0. 1 3 6 4  
   3  0. 0 1 8 7 5  0. 1 7 8 9 1  0. 9 1 7  -0. 3 4 7 7  0. 3 8 5 2  
   4  -0. 2 7 5  0. 1 7 8 9 1  0. 1 3 5  -0. 6 4 1 5  0. 0 9 1 5  
  3  1  -0. 2 2 7 9 2  0. 1 3 3 3 5  0. 0 9 8  -0. 5 0 1 1  0. 0 4 5 2  
   2  -0. 0 1 8 7 5  0. 1 7 8 9 1  0. 9 1 7  -0. 3 8 5 2  0. 3 4 7 7  
   4  -0. 2 9 3 7 5  0. 1 4 6 0 8  0. 0 5 4  -0. 5 9 3  0. 0 0 5 5  
  4  1  0. 0 6 5 8 3  0. 1 3 3 3 5  0. 6 2 5  -0. 2 0 7 3  0. 3 3 9  
   2  0. 2 7 5  0. 1 7 8 9 1  0. 1 3 5  -0. 0 9 1 5  0. 6 4 1 5  
   3  0. 2 9 3 7 5  0. 1 4 6 0 8  0. 0 5 4  -0. 0 0 5 5  0. 5 9 3  

* T h e m e a n diff er e n c e i s si g nifi c a nt at t h e 0. 0 5 l e v el.        



 

1 0 3  
 

E x cl u d e d	 V a ri a bl es	f o r	 Li n e a r	 R e g r essi o n	 of	 T ot al	 P h os p h o r us 	

 
T a bl e : E x cl u d e d v ari a bl es f or li n e ar r e gr essi o n of t ot al p h os p h or us f or f ar ms i n T r u m b ull 
C o u nt y, O hi o  



 

1 0 4  
 

I n d e p e n d e nt	 S a m pl es	t-t est	f o r	 all	 c h a r a ct e risti cs	i n v esti g at e d	 a n d	t h e	t o p	 a n d	
b ott o m	l a y e rs 	

 
T a bl e : I n d e p e n d e nt t-t est f or all c h ar a ct eristi cs i n v esti g at e d s e p ar at e d b y t o p a n d b ott o m 
l a y er f or f ar ms i n Tr u m b ull C o u nt y, O hi o 

E x cl u d e d	 V a ri a bl es	f o r	 B a c k w a r ds	 Li n e a r	 R e g r essi o n	f o r	 %	 Nit r o g e n	 a n d	t o p	
a n d	 b ott o m	l a y e rs 	

 



 

1 0 5  
 

T a bl e : E x cl u d e d v ari a bl es f or b a c k w ar ds li n e ar r e gr essi o n f or % nitr o g e n a n d t o p a n d 
b ott o m l a y ers f or f ar ms i n Tr u m b ull C o u nt y, O hi o  

E x cl u d e d	 V a ri a bl es	f o r	 B a c k w a r ds	 Li n e a r	 R e g r essi o n	f o r	t ot al	 p h os p h o r us	 a n d	
t o p	 a n d	 b ott o m	l a y e rs	
 

 
T a bl e : E x cl u d e d v ari a bl es f or b a c k w ar ds li n e ar r e gr essi o n f or t ot al p h os p h or us a n d t o p 
a n d b ott o m f or f ar ms i n Tr u m b ull C o u nt y, O hi o.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

1 0 6  
 

P C A T o p 1 5 c m S c att er Pl ot ( C o m p o n e nt 1 & 2) f or f ar ms i n Tr u m b ull C o u nt y, O hi o  

 
Fi g ur e : S c att er Pl ot of P C A a n al ysis C o m p o n e nt s 1  & 2  f or T o p 1 5 c m f or f ar ms i n 
Tr u m b ull C o u nt y, O hi o  

	

S a m pl e	 A v e r a g es	 S e p a r at e d	t h r o u g h	t w o	 c at e g o ri es:	 C o n v e nti o n al	 a n d	
C o ns e r v ati o n al 	
  

 
Fi g ur e : S a m pl e a v er a g es f or b ul k d e nsit y, % S O M, p H, a n d s ali nit y, s e p ar at e d i n 
c at e g ori es c o n v e nti o n al a n d c o ns er v ati o n al  f or f ar ms i n Tr u m b ull C o u nt y, O hi o. 

 

1 2 3 4 5

C o ns er v ati o n al 1. 2 4 1 3. 5 2 3 4. 6 4 0 5. 0 3 0 0. 2 8 6

C o n v e nti o n al 1. 1 4 7 3. 6 9 7 4. 6 9 0 5. 2 1 0 0. 5 6 7

0. 0 0 0

1. 0 0 0

2. 0 0 0

3. 0 0 0

4. 0 0 0

5. 0 0 0

6. 0 0 0

1 = B ul k D e n sit y     2 = % S O M     3 =  p H C a Cl 2     4 = p H W at er     5 = S ali nt y m S / c m

S oil S a m pl e A v er a g e s

C o ns er v ati o n al C o n v e nti o n al



 

1 0 7  
 

 

 
Fi g ur e : S a m pl e a v er a g es f or % p or osit y,  s e p ar at e d i n c at e g ori es c o n v e nti o n al a n d 
c o ns er v ati o n al  f or f ar ms i n Tr u m b ull C o u nt y, O hi o. 

 

 
Fi g ur e : S a m pl e a v er a g es f or t ot al p h os p h or us, s e p ar at e d i n c at e g ori es c o n v e nti o n al a n d 
c o ns er v ati o n al  f or f ar ms i n Tr u m b ull C o u nt y, O hi o. 

 

5 3. 1 7 1

5 6. 7 0 6

5 1. 0 0 0

5 2. 0 0 0

5 3. 0 0 0

5 4. 0 0 0

5 5. 0 0 0

5 6. 0 0 0

5 7. 0 0 0

C o ns er v ati o n al C o n v e nti o n al
% P or o sit y

A v er a g e % P or o sit y

C o ns er v ati o n al C o n v e nti o n al

4 8. 7 5 0

4 3. 2 2 8

4 0. 0 0 0

4 1. 0 0 0

4 2. 0 0 0

4 3. 0 0 0

4 4. 0 0 0

4 5. 0 0 0

4 6. 0 0 0

4 7. 0 0 0

4 8. 0 0 0

4 9. 0 0 0

5 0. 0 0 0

C o ns er v ati o n al C o n v e nti o n al

A v er a g e P O 4 -P,   m g / k g  

C o ns er v ati o n al C o n v e nti o n al



 

1 0 8  
 

 
Fi g ur e : S a m pl e a v er a g es f or  s oil t e xt ur e: (s a n d, silt, cl a y) , s e p ar at e d i n c at e g ori es 
c o n v e nti o n al a n d c o ns er v ati o n al  f or f ar ms i n Tr u m b ull C o u nt y, O hi o. 

 

 
Fi g ur e : S a m pl e a v er a g es f or % nitr o g e n , s e p ar at e d i n c at e g ori es c o n v e nti o n al a n d 
c o ns er v ati o n al  f or f ar ms i n Tr u m b ull C o u nt y, O hi o.  

 

3 3. 6 6 3
2 9. 4 1 7

6 1. 8 6 6

6 6. 6 2 9

4. 4 7 2 3. 9 5 7

0. 0 0 0

1 0. 0 0 0

2 0. 0 0 0

3 0. 0 0 0

4 0. 0 0 0

5 0. 0 0 0

6 0. 0 0 0

7 0. 0 0 0

C o ns er v ati o n al C o n v e nti o n al

A v er a g e S oil T e xt ur e

% S a n d % Silt % Cl a y

0. 1 1 7

0. 1 3 0

0. 1 1 0

0. 1 1 2

0. 1 1 4

0. 1 1 6

0. 1 1 8

0. 1 2 0

0. 1 2 2

0. 1 2 4

0. 1 2 6

0. 1 2 8

0. 1 3 0

0. 1 3 2

C o ns er v ati o n al C o n v e nti o n al

A v er a g e % Nitr o g e n

C o ns er v ati o n al C o n v e nti o n al
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