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USDA De fin it ion :
• “Th e  con t in u e d  ca pa city of so il to  fu n ct ion  

a s  a  vit a l livin g e cosyste m  th a t  su sta in s 
p la n t s , a n im a ls  a n d  h u m a n s . . . by 
pe rform in g five  e sse n t ia l fu n ct ion s:

• Regula ting wa ter
• Su sta in in g p la n t  a n d  a n im a l life
• Filt e r in g a n d  bu ffe r in g po te n t ia l 

po llu ta n t s
• Cyclin g n u t r ie n t s
• Providing physica l sta bility a nd support”

Soil Health

https://www.farmers.gov/conservation/soil-health#improve-soil


In h e re n t : n o t  e a sily 
ch a n ge d
• Textu re
• Pa re n t  m a te ria ls
• De p th  to  re st r ict in g la ye r
• La n dsca pe  posit ion
• Slope  & slope  le n gth
• Clim a te

Inherent vs. Dynamic Properties

Dyn a m ic: ch a n ge d  by 
m a n a ge m e n t
• Orga nic ma tter content
• Biologica l a ctivity
• Soil food  we b
• Structure
• Wa te r con te n t
• Mulches/surfa ce cover
• pH & n u t r ie n t  con te n t



Soil Physical Properties

• Color: a ppe a ra n ce  ba se d  on  
co lorin g a ge n ts  in  so il

• Textu re : Proport ion  of sa n d , 
s ilt  a n d  cla y (inherent)

• St ru ctu re : a rra n ge m e n t  o f 
so il pa r t icle s  (sa n d , s ilt  a n d  
cla y) a n d  orga n ic m a t te r  in to  
sh a pe s (dyna mic)



• Sta b le  a ggre ga te s im prove  in filt ra t ion , 
a e ra t ion , roo t  growth  a n d  e rosion  
re sis t a n ce

• Aggre ga te  s t a b ility is  th e  a b ility of so il 
a ggre ga te s to  re sis t  d isin te gra t ion  from  
d isru p t ive  force s (t illa ge , ra in fa ll, win d , 
e t c.)

• Soil s t ru ctu re  is  de fin e d  by so il 
a ggre ga te s a n d  pore  s t ru ctu re :

• Aggre ga te s a re  m a de  u p  of so il 
pa r t icle s  (sa n d , s ilt  a n d  cla y) a n d  
‘st icky’ m a te r ia l (cla y, o rga n ic m a t t e r , 
exu da te s, e t c.)

• Pore s a re  with in  a n d  be twe e n  
a ggre ga te s, a llowin g for  wa te r , a ir  
a n d  b io logica l m ove m e n t

Aggregate Stability
Poor aggregate  

s tability
Good aggregate  

s tability

Slake  tes t 
demons tra tion

L: Unstable aggregates; R: Stable 
aggregates (Improving Aggregate 
Stability, Cornell)

http://nmsp.cals.cornell.edu/publications/factsheets/factsheet95.pdf
http://nmsp.cals.cornell.edu/publications/factsheets/factsheet95.pdf


Sm a lle r  pore s h old  wa te r  with  m ore  
force
• Wa te r m ove s m ore  slowly in  cla y so ils  

(ve ry sm a ll pore s)
• La rge r  p ore s (sa n d y so ils) d ra in  m ore  

q u ickly a n d  re ta in  le ss  wa te r
In filt ra t ion  is  th e  p roce ss of wa te r  
se e p in g in to  th e  so il
• In filt ra t ion  ra t e  is  de pe n de n t  on  so il 

t extu re  a n d  so il m oistu re  con te n t
• In filt ra t ion  ra t e  is  h igh e r  for  coa rse  

so ils  th a n  fin e  so ils  a n d  wh e n  so il 
is  d ry com pa re d  to  wh e n  it  is  we t

Soil Infiltration 

Infiltration rate and soil texture (Soil and 
Water, FAO)

https://www.fao.org/4/r4082e/r4082e03.htm
https://www.fao.org/4/r4082e/r4082e03.htm


• Orga n ic Ma t te r  e sse n t ia l to  so il fu n ct ion in g:
• In cre a se s n u t r ie n t  a n d  wa ter holding-ca pa city
• Improves structure a nd dra ina ge
• Sou rce  of p la n t  n u t r ie n t s
• Sou rce  of e n e rgy/ food  for  so il o rga n ism s
• Orga n ic com pou n ds st im u la te  p la n t  growth

• Addin g Orga n ic Ma t te r :
• Dire ct ly a s  Com post , Mu lch , Ma n u re , Na tu ra l 

Fe rt ilize r , e t c.
• In d ire ct ly th rou gh  Cove r Crops, Gre e n  

Ma n u re  

Organic Matter

Compost and cover crop 
(buckwheat, peas, oats), photos 
by Amelia Magistrali



Indicators of poor Soil Health

• Ha rd , cloddy so il & poor  
se e d  be ds

• Ru t t in g a n d  pon d in g
• Ru n off & e rosion
• Soil cru st in g
• Poor p la n t  growth



Th e  Soil He a lth  In st itu te  re com m e n ds 
th re e  m e a su re m e n ts  a s  wide ly 
a pp lica b le  a cross North  Am e rica
• Orga n ic ca rbon  (orga n ic m a t te r)
• Ca rbon  m in e ra liza t ion  po te n t ia l
• Aggre ga te  Sta b ility
Th e  Corn e ll So il He a lth  La b  p rovide s a  
Com pre h e n sive  Asse ssm e n t  o f So il 
He a lth  (CASH)
• In clu de s a ct ive  ca rbon , we t  

a ggre ga te  s t a b ility, so il re sp ira t ion , 
so il o rga n ic ca rbon , a n d  m ore

• CASH m a n u a l in clu de s de ta ile d  
ba ckgrou n d , so il t e st  deve lopm e n t , 
sa m plin g a n d  in te rp re ta t ion  
re com m e n da t ion s.

SHI and CASH

https://soilhealthinstitute.org/
https://soilhealth.cals.cornell.edu/
https://soilhealthlab.cals.cornell.edu/manual/
https://soilhealthlab.cals.cornell.edu/manual/


Management to improve Soil 
Health

Limit tillage & heavy 
equipment use

Optimize/limit chemical inputs 
(fertilizers & pesticides)

Rotate livestock; low 
stocking density

Tarping/plastic Integrate livestock

Utilize mulches and 
leave plant residue

Pasture-based grazing

Plant diverse cover crops
Utilize diverse crop rotations



Management affects Soil Health
Management Improve Degrade Soil Health Approach

Tillage Incorporate organic matter, 
weed control

Erosion, compaction, plow pan, 
harm soil biota

No-till, reduced (zone/strip 
etc.), cross  s lope till

Heavy Equipment Reduced tillage options Compaction, ponding, erosion Direct/No-till Drill

Mulches Organic matter, benefit soil 
biota, weed/disease control

Anaerobic conditions, excess 
heat, nutrient imbalance

Natural mulches, composting

Tarping/

Plas tic

Reduced tillage options, weed 
control, moisture control

Microplastics, anaerobic 
conditions harm soil biota

Cover crop termination, 
biodegradable plastic mulch

Lives tock Grazing Fertility & organic matter, 
benefit soil biota

Compaction, erosion, pollution Pasture-based rotational 
grazing (with cover crops)

Fertilizer Healthy plants  and roots Leaching (pollution), 
pest/disease interaction

Nutrient-use-efficiency, 
organic fertilizer

Pes tic ide Reduce pest/disease pressure Pollution, residue build-up, 
harm soil biota

Integrated Pest Management



Th e  Sim u la tor  will ru n  a t  in t e rva ls  th rou gh ou t  
th e  da y: 

Mid -m orn in g, Lu n ch -t im e  a n d  Mid -a ft e rn oon

Sh ows h ow d iffe re n t  so ils  h a n d le  
ra in , de pe n d in g on :
• Distu rba n ce  (t illa ge , t ra ffic)
• Pla n t  re sidu e  or  cove r  on  

su rfa ce
• Livin g roo t s  a n d  so il o rga n ism s
De m on st ra te s:
• Soil Erosion
• Aggre ga te  Sta b ility
• In filt ra t ion  vs. Ru n -off
• Soil He a lth  Prin cip le s

Rainfall Simulator Demonstration



An y Qu e st ion s? 

Ge t  in  tou ch :

Ha rt ford  Cou n ty Exte n sion  Ce n te r
270 Fa rm in gton  Ave , Un it  4, Su it e  262

Fa rm in gton , CT, 06032

a m e lia .m a gist ra li@u con n .e du

Thank You!
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