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Water Erosion





Diverse Cover Crop



Microbial Activity - Soil bacteria and fungi 
1,000,000-10,000,000 per gram of soil











Impacting Soil Health

http://www.betterground.org/soil-quality-2/



Haney Soil Health Test

• Three parts:
– CO2-C 24 hr respiration test to measure microbial 

biomass
– Water extract for measuring carbon and nitrogen 

in the soil solution
– H3A extract that simulates how a mimics plant 

uptake 



CO2-C 24 hr burst test 
(Respiration)



Soil Biology is a Complex Integrated 
Living System

• Organic carbon in 
water drives the 
system 

• Soil microbes take in 
O2 and release CO2

Soil microorganisms have been in R&D for millions of 
years.



CO2-C 24 hr. Respiration test

24 hr CO2-C Burst uses drying and rewetting 
techniques to mimic natural field events and 
measures the flush of microbial respiration 
from microbial biomass leading to nutrient 
cycling.  
The amount of activity is related to soil habitat 
including available food and soil fertility. 
Good number 60 to 120 ppm CO2-C

http://solvita.com/soil



Water Extract



Haney Water Extract

• Total Organic Carbon (WEOC) that is soluble
– Good number is  150 to 250 ppm C

• Total Nitrogen
• Organic Nitrogen (WEON)
– What is left after subtracting nitrate and 

ammonium.  
– WEON 40 to 60 % of total N is excellent
– This is the N that is missed in regular soil tests



Water Extract Organic Carbon 
(WEOC)

• 3 % organic matter (OM) = 30,000 pounds in 
the top 3 inches of soil.  That is 17,400 lbs of 
C/A.

• Total soil carbon is 80 to 100 times greater 
than water soluble carbon.

• WEOC potential  to be 174 to 218 based on 
soil OM.
– But water extract has a large range  of 100-300 

ppm or more.



H3A Extract



H3A Test

• A soil extractant that mimics organic acids 
produced by living plant roots to temporarily 
change soil pH to increase nutrient availability.

• Organic acid is excellent food for microbes and 
the soil pH soon returns to normal pH.
– Malic acid 1.2 g/2L
– Oxalic acid 0.6 g/2L
– Citric acid 1.0 g/2L



H3A Inorganic Nitrogen

• Nitrate
– This is nitrate left from the last crop.

• Ammonium
– This number is usually much lower than nitrate.
– Ammonium is not analyzed in regular soil tests 

without special request.



H3A Phosphorus

• H3A Inorganic phosphorus.  Determine by 
color development and is orthophosphate.

• H3A Total ICAP phosphorus is the same 
extract but measured by inductively coupled 
argon plasma (ICAP) that measures both 
orthophosphate and  organic phosphorus.

• H3A Organic phosphorus is the difference 
between the two tests



H3A Extract of other Nutrients

• Cations: Potassium, Calcium, Magnesium, and 
Sodium

• Sulfur
• Micronutrients: Zinc, Iron, Manganese, and 

Copper
• Aluminum



Haney Calculations using 
all Three Tests



MAC Calculation

• Microbial  Active Carbon (%MAC)
– (Respiration 24 hr CO2-C / WEOC) * 100

• WEOC = water extractable organic carbon

– For example:  (77.0 / 182) * 100 = 42.3

– A good reading

– Like to see above 20 % and below 80 %



C:N (water extract) Calculation

• Organic C : Organic N
–For example,
–182 : 16 = 11.4
–Near ideal of 10:1



C:N Balance
Organic C and N have to be balanced to get the 
highest potential return from the WEON bank 
account. 
Above 20:1 = No N-mineralization

N is limiting and remains tied up in microbial biomass.

Ideal 8:1 to 15:1
Microbes release inorganic or plant available N and P to feed 

the plants
Organic N 

and P 
release

Organic 
C:N

Rick Haney, 2013



Organic N:Inorganic N Calculation

• Organic N : Inorganic N
–32 lbs : 29 lbs = 1.1 or 52 % Organic N
–Near ideal ratio of 1 or 45 to 55 %
–High inorganic N indicates microbes 

out of balance



We have been missing half the plant 
available N

Soil Water Extract 
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“If plants could not 
take up

organic compounds 
herbicides

would not work” Liz 
Haney



Organic N mineralization Calculation

• Organic Nitrogen Release, ppm N
– Amount of organic N that will be mineralized 

during the crop season by the microbes
– Calculated from C:N ratio, organic N and CO2-C 

tests

• Organic Nitrogen Reserve, ppm N
– Conditions will have to be just so to get this N this 

year



Organic P mineralization Calculation

• Organic Phosphorus Release, ppm P
– Amount of organic P that will be released by the 

microbes during the crop season
• Organic Phosphorus Reserve, ppm P
– Amount of P that may be released if condition are 

just right.



Soil Health Calculation

• CO2-C respiration
• C:N ratio
• WEOC
• WEON
• Soil Health = (CO2-C/10) + WEOC/50 + 

WEON/10
• Good score greater than 7



Nutrient Quantity Available for Next 
Crop

• Nitrogen, lbs of N/A
– Nitrate, Ammonium, and Organic Nitrogen 

Release.  Sum of N in ppm times 2 = lbs N/A
• Phosphorus, lbs of P2O5/A
– Orthophosphate and Organic Phosphorus sum 

times 2.3 = lbs of P2O5/A
• Potassium, lbs of K2O/A
– H3A potassium times 1.2 = lbs of K2O/A

• Nutrient Value $/A



Nitrogen Savings by Using Haney

• Traditional evaluation, lbs of N/A 32.70
• Haney Test evaluation, lbs of N/A 73.20
• Nitrogen difference, lbs of N/A 40.50

• N Savings $/A $25.90



Example, December 20, 2017 

Sample CO2-C WEOC     Soil Health
Cover Crop 28.3 143 6.71
Soybeans/Rye 54.1 110 8.27
4 yrs. No-till 50.2 140 9.00
50+ yrs. No-till 77.0 182 12.95



Example, December 20, 2017 

Sample %MAC  WEON,lbs N Savings
Cover Crop 19.8 20.6 21.9 lbs N
Soybeans/Rye 49.5 13.4 18.8 lbs N
4 yrs. No-till 35.8 23.6 29.8 lbs N
50+ yrs. No-till 42.3 32.0 40.5 lbs N  



Soil pH, EC and Organic Matter

• Soil H: Measure of acidity, neutrality, or 
alkalinity.

• EC: Measure of soluble salts indicating good 
level or “bad” level.  
– Good = 0.15 – 0.45 mmho/cm.  Bad = 1.5+

• Organic matter:  Very important for water 
holding capacity, nutrient storage, and soil 
structure. 



PLFA, NH3 vs No NH3 (May)

• Property No NH3 NH3
• Microbial Biomass 2016 1277
• Diversity Index 1.134 1.064
• Bacteria 893 759
– Gram + 658 579
– Gram - 234 180

• Fungi 34 19
– Mycorrhizal 0.0 0.0

• Protozoa 0.0 0.0



PLFA, No NH3 vs NH3

• Property No NH3 NH3
• Fungi:Bacteria Ratio 0.0377 0.0245
• Predator:Prey Ratio All Prey All Prey
• Gram+:Gram- Ratio 2.806 3.214



PLFA, Muir silt loam

• Property May (wht)        Nov (CC)
• Microbial Biomass 2268 1344
• Diversity Index 1.317 1.638
• Bacteria 1125 593
– Gram + 786 370
– Gram - 340 223

• Fungi 123 182
– Mycorrhizal 66 28

• Protozoa 0.0 29.5



PLFA, Muir silt loam

• Property May (wht)        Nov (CC)
• Fungi:Bacteria Ratio 0.109 0.307
• Predator:Prey Ratio All Prey 0.0497
• Gram+:Gram- Ratio 2.313 1.660



Thank You


