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Fertilizer ProductsFertilizer Products

Fertilizers and Fertilizer ChemistryFertilizers and Fertilizer Chemistry



Nitrogen CarriersNitrogen Carriers

•• Quick releaseQuick release
•• Slow releaseSlow release
•• CombinationsCombinations



FactorFactor Quick ReleaseQuick Release Slow ReleaseSlow Release

CostCost Less expensive/lb. NLess expensive/lb. N More costly/lb. NMore costly/lb. N

Initial Plant Initial Plant 
ResponseResponse

RapidRapid SlowSlow

Burn/salt indexBurn/salt index High to ModerateHigh to Moderate LowLow

Duration of Duration of 
responseresponse

Short to ModerateShort to Moderate Moderate to LongModerate to Long

Leaching PotentialLeaching Potential High to low High to low 
(depends on amt.)(depends on amt.)

LowLow

EfficiencyEfficiency Generally goodGenerally good Good over timeGood over time

Comparison of Nitrogen CarriersComparison of Nitrogen Carriers



Physical FormulationsPhysical Formulations

••Granular Granular ––
 

size range 0.85size range 0.85--4.75 mm4.75 mm
––Homogenous = each granule contains all Homogenous = each granule contains all 
nutrientsnutrients

––Blended = different particles for N, P, K, etc.Blended = different particles for N, P, K, etc.
––Homogenous vs. blended shouldnHomogenous vs. blended shouldn’’t really be a t really be a 
factor assuming uniformity of coverage factor assuming uniformity of coverage 
applicationapplication



Size Guide Number (SGN)Size Guide Number (SGN)

•• Designation used to characterize the size of  Designation used to characterize the size of  
granular fertilizersgranular fertilizers

•• SGN = the average particle size (to the nearest SGN = the average particle size (to the nearest 
0.01 mm) multiplied by 1000.01 mm) multiplied by 100

•• EgEg. the SGN for a product with a mean size of . the SGN for a product with a mean size of 
1.9 mm is 1901.9 mm is 190



SGNSGN

••Turfgrass range 80Turfgrass range 80--350350
––Greens grade: 80Greens grade: 80--100100
––Fairway: 125Fairway: 125--150150
––Roughs/High Cut Turf: 210Roughs/High Cut Turf: 210--240240





Nitrogen Release MechanismsNitrogen Release Mechanisms

1.1.
 

Microbial ActionMicrobial Action
2.2.

 
OsmosisOsmosis

3.3.
 

HydrolysisHydrolysis
4.4.

 
Physical BreakdownPhysical Breakdown



1. Microbial Action1. Microbial Action
•• Microorganisms breakdown the fertilizer Microorganisms breakdown the fertilizer 

elements into more basic compounds. elements into more basic compounds. 
•• Soil temperatureSoil temperature

 
affects the activity levels of affects the activity levels of 

micromicro--organsimsorgansims
•• Cold temperatures = less activity and less Cold temperatures = less activity and less 

breakdownbreakdown
•• Warmer temperatures = more activity and Warmer temperatures = more activity and 

breakdownbreakdown
•• MethyleneMethylene

 
ureasureas

 
and natural organic fertilizersand natural organic fertilizers



2. Osmosis2. Osmosis

•• Chemical elements will naturally move from an Chemical elements will naturally move from an 
area of higher concentration to an area of lower area of higher concentration to an area of lower 
concentration. concentration. 

•• For example, higher concentrations of N, P, K in For example, higher concentrations of N, P, K in 
the fertilizer granule will slowly migrate to the the fertilizer granule will slowly migrate to the 
less nutrientless nutrient--rich soil. rich soil. 



3. Hydrolysis3. Hydrolysis

•• Water interacts with the fertilizer, breaking Water interacts with the fertilizer, breaking 
down the compounds and releasing the nutrients down the compounds and releasing the nutrients 
into the soilinto the soil

•• Urea and IBDUUrea and IBDU
–– IBDU slow dissolutionIBDU slow dissolution



4. Physical Breakdown4. Physical Breakdown

•• Mowing, foot traffic, and other physical handling Mowing, foot traffic, and other physical handling 
of the fertilizer particles will cause nutrients to of the fertilizer particles will cause nutrients to 
break down and be released into the soil for break down and be released into the soil for 
plant absorption.plant absorption.

•• Breakage of coating results in rapid releaseBreakage of coating results in rapid release



Types of N CarriersTypes of N Carriers

••1. Fast/quick release 1. Fast/quick release --
 

water solublewater soluble
––A. Salt based N carriers A. Salt based N carriers --

 
all types dissolve all types dissolve 

readily when adequate water is present readily when adequate water is present 
forming either NOforming either NO33

 

--

 
or NHor NH44

 

++

––NONO33

 

--

 
can be leachedcan be leached

––NHNH44

 

+ + can be held on can be held on cationcation
 

exchange sitesexchange sites



Quick Release N Carriers (Salt Types)Quick Release N Carriers (Salt Types)

CarrierCarrier AnalysisAnalysis N Release N Release 

Ammonium nitrate (NHAmmonium nitrate (NH44

 

NONO33

 

)) 3333--00--00 Water solubleWater soluble

Ammonium sulfate ((NHAmmonium sulfate ((NH44

 

))22

 

SOSO44

 

)) 2020--00--00 Water solubleWater soluble

Potassium nitrate (KNOPotassium nitrate (KNO33

 

)) 1313--00--4444 Water solubleWater soluble

MonoammoniumMonoammonium
 

phosphate phosphate --
 MAP (NHMAP (NH44

 

HH22

 

POPO44

 

))
1111--4848--00 Water solubleWater soluble

DiammoniumDiammonium
 

phosphate phosphate --
 

DAPDAP
((NH((NH44

 

))22

 

HPOHPO44

 

))
1818--4646--00 Water solubleWater soluble

Calcium nitrate (CaNOCalcium nitrate (CaNO33

 

))22 1616--00--00 Water solubleWater soluble



Characteristics of Salt TypesCharacteristics of Salt Types

•• High salt index/high potential for burnHigh salt index/high potential for burn
•• Rapid responseRapid response
•• Apply at low rates, spoon feeding programsApply at low rates, spoon feeding programs
•• InexpensiveInexpensive



Salt IndexSalt Index

•• Measure of the osmotic pressure created in the Measure of the osmotic pressure created in the 
soil solution by the addition of fertilizerssoil solution by the addition of fertilizers

•• Salt index values are based on applications of Salt index values are based on applications of 
equal weights of materials, and are expressed equal weights of materials, and are expressed 
relative to the osmotic pressure produced by relative to the osmotic pressure produced by 
sodium nitrate (assigned value of 100)sodium nitrate (assigned value of 100)



Salt IndexSalt Index

MaterialMaterial Equal amts. of Equal amts. of 
materialmaterial

Equal amts. of Equal amts. of 
nutrient (N)nutrient (N)

Sodium nitrateSodium nitrate 100100 6.066.06
Potassium nitratePotassium nitrate 7474 5.345.34
AmmAmm. Sulfate. Sulfate 6969 3.253.25
AmmAmm. Nitrate. Nitrate 105105 2.992.99
MAPMAP 3030 2.452.45
UreaUrea 7575 1.621.62
DAPDAP 3434 1.611.61
Nat. Organic Nat. Organic 
(5%N)(5%N)

3.53.5 0.700.70



Salt IndexSalt Index

MaterialMaterial Equal amts. of Equal amts. of 
materialmaterial

Equal amts. of Equal amts. of 
nutrient (Knutrient (K22

 

O)O)
Potassium Potassium 
chloridechloride

116116 1.941.94

Potassium nitratePotassium nitrate 7474 1.581.58
Potassium sulfatePotassium sulfate 4646 0.850.85
Potassium mag. Potassium mag. 
SulfateSulfate

4343 1.971.97



Ammonium SulfateAmmonium Sulfate

•• 21% N (NH21% N (NH44 ))22 SOSO44

•• Highly soluble and Highly soluble and 
leachableleachable

•• Subject of volatilizationSubject of volatilization
•• Very acidifying Very acidifying -- 5.35 kg 5.35 kg 

acidity/kg Nacidity/kg N
•• High salt index High salt index -- 3.25 3.25 



Ammonium NitrateAmmonium Nitrate

•• 33.5% N33.5% N
•• Very solubleVery soluble
•• Highly leachableHighly leachable
•• Subject to volatilizationSubject to volatilization
•• Low acidityLow acidity

–– 1.8kg acid/kg N1.8kg acid/kg N
•• High salt index High salt index -- 2.992.99



Types of N CarriersTypes of N Carriers

2. Organic quick release carriers2. Organic quick release carriers
––UreaUrea
––Short & long chain Short & long chain methylenemethylene

 
ureasureas

 
that are that are 

created by reacting urea with formaldehyde created by reacting urea with formaldehyde 



What is Organic?What is Organic?

•• PerceptionPerception
–– of, relating to, or derived from living of, relating to, or derived from living 

organismsorganisms

•• WebsterWebster’’s Dictionarys Dictionary……..
–– of, relating to, or containing carbon of, relating to, or containing carbon 

compounds compounds 



By this definition organic fertilizers By this definition organic fertilizers 
includeinclude…………

•• Urea and many other chemically derived Urea and many other chemically derived 
fertilizers such as IBDU, fertilizers such as IBDU, triazonetriazone, and , and 
methylenemethylene ureasureas

C NH2NH2

O
Synthetic Organic FertilizersSynthetic Organic Fertilizers



UreaUrea

•• 46% N46% N
•• Soluble Synthetic OrganicSoluble Synthetic Organic
•• Nonionic, highly leachableNonionic, highly leachable
•• Subject to volatilizationSubject to volatilization
•• Low acidity Low acidity -- 1.8/kg N1.8/kg N
•• Low salt index Low salt index -- 1.621.62



Synthetic Organic Quick/Slow Release Synthetic Organic Quick/Slow Release 
Carriers (Carriers (MethyleneMethylene

 
UreasUreas))

•• MUMU’’ss
 

are released by soil microbial activityare released by soil microbial activity
–– Release affected by soil moisture and temperature Release affected by soil moisture and temperature ––

 

amount of amount of 
N released is closely matched to plant demandN released is closely matched to plant demand

•• Short chain molecules are water solubleShort chain molecules are water soluble
•• Longer chain molecules are water insolubleLonger chain molecules are water insoluble
•• Longer chain molecules Longer chain molecules --

 
N is released by N is released by 

microbial degradationmicrobial degradation



Urea formaldehyde reactionUrea formaldehyde reaction

NHNH22

 

--COCO--NHNH22

 

+ CH+ CH22

 

O = NHO = NH22

 

--COCO--NHNH--CHCH22

 

--NHNH2 2 + H+ H22

 

OO

Urea Formaldehyde (F) Methyl Urea (MU)



NHNH22

 

--COCO--NHNH--CHCH22

 

--NHNH22

 

+ NH+ NH22

 

--COCO--NHNH22

 

= NH= NH22

 

--COCO--NHNH--
 CHCH22

 

--NHNH--COCO--NHNH22

Methyl Urea + Urea = Methylene diurea (MDU)



MDU + Urea = dimethylene triurea (DMTU)

DMTU + Urea = trimethylene tetraurea (TMTU)

TMTU + Urea = tetramethylene pentaurea (TMPU)

TMPU + Urea = pentamethylene hexaurea (PMHU)



N Fractions of Urea N Fractions of Urea RxnRxn. Products. Products
CWSN CWSN –– Fraction 1Fraction 1

(Cold Water Soluble N)(Cold Water Soluble N)
Immediate to 2 wks.Immediate to 2 wks.

(urea, short chain (urea, short chain MUsMUs –– MDU MDU 
and DMTU)and DMTU)

Cold Water Insoluble N or WINCold Water Insoluble N or WIN
(Water Insoluble N)(Water Insoluble N)

HWSN HWSN –– Fraction 2Fraction 2
Hot Water Soluble NHot Water Soluble N

22--3 months3 months
((IntmdIntmd. chain . chain MUsMUs -- Microbial)Microbial)

HWIN HWIN –– Fraction 3Fraction 3
Hot Water Insoluble NHot Water Insoluble N

months to yearsmonths to years
(long chain (long chain MUsMUs -- Microbial)Microbial)

(PMHU)(PMHU)

Maximum this fractionMaximum this fraction





UreaformaldehydeUreaformaldehyde
 

Reaction ProductsReaction Products

•• Known as:Known as:
–– MethyleneMethylene

 

UreaUrea
–– MUMU
–– UreaformaldehydeUreaformaldehyde
–– UFUF



UreaformUreaform

•• At least 35% NAt least 35% N
•• 60% of N as CWIN60% of N as CWIN
•• Activity Index (AI)Activity Index (AI)

–– The percent of CWIN that is soluble in Hot Water (HWSN)The percent of CWIN that is soluble in Hot Water (HWSN)

•• AI  not less than 40%AI  not less than 40%
•• Marketed as: Marketed as: NitroformNitroform, UF, Blue Chip, UF, Blue Chip



NitroformNitroform

•• Urea formaldehyde (Urea formaldehyde (UreaformUreaform))
•• Insoluble organicInsoluble organic
•• 38% N ; 6538% N ; 65--71% WIN71% WIN
•• Biological N releaseBiological N release

–– rate influenced by soil rate influenced by soil 
temperaturetemperature

–– 88--12 month release12 month release



MethyleneMethylene
 

Urea ProductsUrea Products

•• NutraleneNutralene
 

(Agrium)(Agrium)
•• NitroformNitroform

 
(Agrium)(Agrium)

•• MethMeth--Ex 40 (Lebanon)Ex 40 (Lebanon)
•• NOVEX (John Deere/NOVEX (John Deere/LescoLesco))
•• MUtechMUtech, , MUtechMUtech--L (The Andersons)L (The Andersons)



NutraleneNutralene

•• Methylene UreaMethylene Urea
•• 40% N 40% N -- 36% WIN36% WIN
•• N release: hydrolysis (urea)N release: hydrolysis (urea)
•• Biological N releaseBiological N release

–– 1212--16 weeks release16 weeks release
•• More rapidly available than More rapidly available than 

UFUF
•• Not as adversely influenced Not as adversely influenced 

by cool temperaturesby cool temperatures



NitroformNitroform
 

vs.      vs.      NutraleneNutralene

•• Total N:Total N:

 

38%38%
•• Urea N:Urea N:

 

4.5%4.5%
•• CWSN:CWSN:

 

6.9%6.9%
•• CWIN & HWIN:CWIN & HWIN:

 

27%27%
•• High % of long chain High % of long chain MUMU’’ss

•• Total N:Total N:

 

40%40%
•• Urea N:Urea N:

 

5.0%5.0%
•• CWSN:CWSN:

 

20.5%20.5%
•• CWIN & HWIN:CWIN & HWIN:

 

14.5%14.5%
•• High % of short chain High % of short chain MUMU’’ss



MESAMESA

•• MMeth eth EEx x SSulfate of ulfate of AAmmoniammonia
•• Homogenous granule combining MethHomogenous granule combining Meth--Ex 40 and Ex 40 and 

ammonium sulfateammonium sulfate
•• NOT a coated productNOT a coated product
•• MU encapsulates AMS and inhibits its release MU encapsulates AMS and inhibits its release 

until particle is watered into soiluntil particle is watered into soil
•• AMS released by hydrolysis and MU by AMS released by hydrolysis and MU by 

microbial activitymicrobial activity



Slow Release N CarriersSlow Release N Carriers

•• To be classified as slow release N carrier, the To be classified as slow release N carrier, the 
slow release components must be identified on slow release components must be identified on 
the label and constitute at least 15% of the total the label and constitute at least 15% of the total 
N in the fertilizerN in the fertilizer



DefinitionsDefinitions
•• Controlled release fertilizerControlled release fertilizer

–– Synonymous with delayed release, controlled availability, slow Synonymous with delayed release, controlled availability, slow 
acting, and metered release to designate a controlled dissolutioacting, and metered release to designate a controlled dissolution n 
of fertilizer at a lower rate than conventional waterof fertilizer at a lower rate than conventional water--soluble soluble 
fertilizers such as ureafertilizers such as urea

•• No official differentiation between slow release and No official differentiation between slow release and 
controlled releasecontrolled release
–– MicrobiallyMicrobially

 

decomposed N products (decomposed N products (UFUF’’ss) are commonly ) are commonly 
referred to as slow releasereferred to as slow release

–– Coated or encapsulated products = controlledCoated or encapsulated products = controlled--releaserelease



Slow Release N CarriersSlow Release N Carriers

•• 1. Synthetic organic N carriers 1. Synthetic organic N carriers --
 

methylenemethylene
 

urea urea 
based, provide a mixture of sources to provide based, provide a mixture of sources to provide 
both short and long term responseboth short and long term response

•• 2. Natural organic N carriers2. Natural organic N carriers
––Derived from a variety of sources such as animal, Derived from a variety of sources such as animal, 

plant, sewage, compostsplant, sewage, composts
––N release is based on microbial degradationN release is based on microbial degradation



Natural OrganicsNatural Organics

•• by products from plant and animal by products from plant and animal 
processing industries or waste productsprocessing industries or waste products



Natural Organics Claims..Natural Organics Claims..
•• Source of nutrientsSource of nutrients
•• Thatch decomposition through inoculation with Thatch decomposition through inoculation with 

bacteria or by stimulation of earth wormsbacteria or by stimulation of earth worms……....
•• Addition of organic matterAddition of organic matter……may increase may increase 

nutrient retentionnutrient retention



Natural Organic ProductsNatural Organic Products
MilorganiteMilorganite 66--22--00

SustaneSustane (turkey litter)(turkey litter) 44--55--33

Ringer Greens RestoreRinger Greens Restore 66--11--33

Ringer Turf RestoreRinger Turf Restore 1010--22--66

NN--HanceHance (poultry (poultry 
manure)manure)

44--55--44

Turf CocktailTurf Cocktail 44--11--11

SustaneSustane 55--22--44

Natural ScienceNatural Science 1515--11--88



•• Many natural organic products contain Many natural organic products contain 
additional nutrients (not guaranteed in additional nutrients (not guaranteed in 
analysis)analysis)

•• For example: For example: MilorganiteMilorganite –– K, Ca, Mg, S, K, Ca, Mg, S, 
MnMn, Zn, Cu, B, Mo, Zn, Cu, B, Mo



Characteristics of Natural OrganicsCharacteristics of Natural Organics

1. Low Nitrogen content1. Low Nitrogen content
2. Water insoluble nitrogen2. Water insoluble nitrogen
3. Slow N release3. Slow N release
4. Presence of other essential plant 4. Presence of other essential plant 

nutrientsnutrients
5. N release dependent upon microbial 5. N release dependent upon microbial 

activityactivity
Water, oxygen, temperature, pHWater, oxygen, temperature, pH



Drawbacks/NegativesDrawbacks/Negatives

•• OdorOdor
•• Small particle size/dustSmall particle size/dust
•• Low N content Low N content –– need to store large need to store large 

amts.amts.



IBDU IBDU –– 31%N31%N
•• N release is slow due to low solubility N release is slow due to low solubility ––

 once in solution, readily hydrolyzed to once in solution, readily hydrolyzed to 
urea and urea and isobutyraldehydeisobutyraldehyde

•• Relatively unaffected by Relatively unaffected by 
––temperaturetemperature
––pHpH

•• Particle size major influence on N release Particle size major influence on N release 
•• Small particles release fast and big Small particles release fast and big 

particles release slowparticles release slow
•• Release increases with soil Release increases with soil waterwater

 
contentcontent

•• 33--4 wk. Delay in response after 4 wk. Delay in response after 
applicationapplication



Slow Release N CarriersSlow Release N Carriers

Coated N carriersCoated N carriers
––Several coating technologies including sulfur, Several coating technologies including sulfur, 
resins, plastics, waxes, polymersresins, plastics, waxes, polymers

––N release occurs with diffusion of water into N release occurs with diffusion of water into 
the granule and diffusion of urea out of the the granule and diffusion of urea out of the 
granule into soil solutiongranule into soil solution



SulfurSulfur--Coated UreaCoated Urea
•• 3232--38% N, depends on coating thickness38% N, depends on coating thickness
•• Coating Coating -- sulfur and usually a wax coating sulfur and usually a wax coating 

to seal imperfections in sulfur coatingto seal imperfections in sulfur coating
––Sulfur content 12Sulfur content 12--22% (not soluble, make take 22% (not soluble, make take 

months to mineralize SCU skeletons)months to mineralize SCU skeletons)
•• N released by gradual diffusionN released by gradual diffusion
•• Release depends uponRelease depends upon

–– thickness & integrity of sulfur coatingthickness & integrity of sulfur coating
–– Release increases as coating thickness decreases and Release increases as coating thickness decreases and 

as temp. increasesas temp. increases



SulfurSulfur--Coated UreaCoated Urea

•• Not all particles are created equalNot all particles are created equal
––Imperfectly coated Imperfectly coated –– immediate releaseimmediate release
––Intermediate release from imperfect coatings covered Intermediate release from imperfect coatings covered 

with sealantwith sealant
––Longer release for perfectly coated or thicker coated Longer release for perfectly coated or thicker coated 

particlesparticles
––‘‘LockLock--offoff’’ = N that is not released, N does eventually = N that is not released, N does eventually 

release but may take years???release but may take years???



Polymer SulfurPolymer Sulfur--Coated UreaCoated Urea
•• Urea coated with sulfur and then coated with layer Urea coated with sulfur and then coated with layer 

of polymerof polymer
•• Polymer as a sealant and delays water entry into Polymer as a sealant and delays water entry into 

sulfur coating sulfur coating --
 

makes product less susceptible to makes product less susceptible to 
breakage/abrasion during shipping and spreadingbreakage/abrasion during shipping and spreading

•• N released by gradual diffusionN released by gradual diffusion
•• Release influenced by coating thickness and type, Release influenced by coating thickness and type, 

some temperature responsesome temperature response



Polymer SulfurPolymer Sulfur--Coated Urea ProductsCoated Urea Products
•• TriKoteTriKote

 
(Agrium, formerly (Agrium, formerly PursellsPursells))

•• PolyPoly--S (The Andersons)S (The Andersons)
•• NSNS--52 (The Andersons)52 (The Andersons)
•• Poly Plus (John Deere/Poly Plus (John Deere/LescoLesco))
•• XCU (Agrium)XCU (Agrium)



PolymerPolymer--Coated N SourcesCoated N Sources

•• Soluble N sources coated with polymers to slow Soluble N sources coated with polymers to slow 
N releaseN release

•• Synonymous with Synonymous with ““ResinResin--coatedcoated””
 

and and ““plasticplastic--
 coatedcoated””

•• Thinner coatings than Thinner coatings than SCUSCU’’ss
 

––
 

results in higher results in higher 
N contentsN contents
–– 39 to 44% N39 to 44% N



PolymerPolymer--coated N releasecoated N release
•• Release increases with increased temperatureRelease increases with increased temperature
•• Release not influenced by:Release not influenced by:

–– Soil water levelSoil water level
–– Volume of water appliedVolume of water applied
–– Soil pHSoil pH
–– Microbial activityMicrobial activity



PolymerPolymer--Coated ProductsCoated Products

––PolyonPolyon
 

(Agrium, formerly (Agrium, formerly PursellsPursells))
––Duration CR (Agrium)Duration CR (Agrium)
––Extend (The Andersons)Extend (The Andersons)
––VV--Cote (Cote (VigoroVigoro))
––MultiCoteMultiCote

 
(Haifa (Haifa NutritechNutritech))

––OsmocoteOsmocote
 

(Scotts)(Scotts)
––SurfCoteSurfCote

 
(Knox)(Knox)



PolyonPolyon
•• 37 to 44% N37 to 44% N
•• Polyurethane coated ureaPolyurethane coated urea
•• N release influenced byN release influenced by

–– coating thicknesscoating thickness
–– diffusion ratediffusion rate
–– soil temperaturesoil temperature

•• Coating is abrasive resistantCoating is abrasive resistant
•• Regular 240Regular 240--260 SGN: 37260 SGN: 37--44%N44%N
•• Mini 150Mini 150--180 SGN: 41180 SGN: 41--43% N43% N
•• Micro 100Micro 100--110 SGN: 41% N110 SGN: 41% N





Nitrification InhibitorsNitrification Inhibitors

•• Applied to ammonium or urea sources to reduce Applied to ammonium or urea sources to reduce 
the rate of conversion to nitratethe rate of conversion to nitrate

•• NitrapyrinNitrapyrin
 

––
 

marketed as Nmarketed as N--ServeServe
–– Has some bactericidal effect Has some bactericidal effect ––

 

part of part of NitrosomonasNitrosomonas bacteria bacteria 
population is killed population is killed ––

 

registered as pesticide in USAregistered as pesticide in USA

•• Dicyandiamide (DCD) Dicyandiamide (DCD) ––
 

marketed as marketed as DidinDidin
–– BacteriostaticBacteriostatic

 

effect on effect on NitrosomonasNitrosomonas bacteria bacteria ––

 

bacteriabacteria

 

are are 
not killed but only depressed or inhibitednot killed but only depressed or inhibited



UreaseUrease
 

InhibitorsInhibitors

•• May be applied to urea to reduce the rate of May be applied to urea to reduce the rate of 
hydrolysis to ammoniumhydrolysis to ammonium

•• Could reduce the potential for volatilization of Could reduce the potential for volatilization of 
ammoniaammonia

•• NBPT: [NNBPT: [N--(n(n--butyl) butyl) thiophosphoricthiophosphoric
 

triamidetriamide))
•• PPD: phenyl PPD: phenyl phosphorodiamidatephosphorodiamidate



•• Stabilized fertilizer Stabilized fertilizer ––
 

fertilizers amended with fertilizers amended with 
nitrification or volatilization inhibitorsnitrification or volatilization inhibitors

•• Fertilizer Products:Fertilizer Products:
–– UMAXX (47UMAXX (47--00--0)0)

•• Contains nitrification (DCD) and volatilization (NBPT) inhibitorContains nitrification (DCD) and volatilization (NBPT) inhibitorss
–– Lebanon Turf Stabilized Nitrogen (LSN)Lebanon Turf Stabilized Nitrogen (LSN)

•• Contains volatilization (NBPT) inhibitorsContains volatilization (NBPT) inhibitors

•• UMAXX: nitrification inhibited for 16 wks.UMAXX: nitrification inhibited for 16 wks.
•• Volatilization inhibited for approx. 2 wks.Volatilization inhibited for approx. 2 wks.

Stabilized FertilizerStabilized Fertilizer



Phosphorus CarriersPhosphorus Carriers
•• Superphosphates (calcium phosphates)Superphosphates (calcium phosphates)

–– 00--2020--0 contains gypsum [Ca(H0 contains gypsum [Ca(H22

 

POPO44

 

))22

 

CaSOCaSO44

 

] ] --

 

(20% Ca, 11% S)(20% Ca, 11% S)
–– 00--4646--0 (triple superphosphate) Ca(H0 (triple superphosphate) Ca(H22

 

POPO44

 

))2  2  --

 

(13% Ca)(13% Ca)

Triple SuperphosphateTriple Superphosphate



Phosphorus CarriersPhosphorus Carriers
•• Ammonium phosphatesAmmonium phosphates

–– MonoammoniumMonoammonium

 

phosphate (MAP) 11phosphate (MAP) 11--4848--0 (NH0 (NH44

 

HH22

 

POPO44

 

))
–– DiammoniumDiammonium

 

phosphate (DAP) 18phosphate (DAP) 18--4646--0 (NH0 (NH44

 

))22

 

HPO4HPO4

•• Sewage Sewage sludgessludges

DiammoniumDiammonium PhosphatePhosphate



Phosphorus CarriersPhosphorus Carriers
•• Potassium phosphatesPotassium phosphates

•• Ammonium polyphosphates (10Ammonium polyphosphates (10--3434--0)0)
–– Primarily used in fluid fertilizersPrimarily used in fluid fertilizers

•• Phosphoric Acid (0Phosphoric Acid (0--5555--0)0)
–– Used to manufacture triple superphosphate and ammonium Used to manufacture triple superphosphate and ammonium 

phosphatesphosphates
–– Can be used in fluid fertilizersCan be used in fluid fertilizers
–– Highly acidic Highly acidic ––

 

handle with care!handle with care!

•• Magnesium ammonium phosphate (8Magnesium ammonium phosphate (8--4040--0)0)
–– 14% Mg 14% Mg ––

 

slow dissolution rate slow dissolution rate ––

 

slowslow--release source of N, P, Mgrelease source of N, P, Mg



PhosphitePhosphite Fertilizer TrialFertilizer Trial



• Potassium phosphite
– a.i. in Alude, Magellan, Vital, Resyst and other 

fungicides
– Main ingredient in fertilizer products:

• Grigg Brothers P-K Plus (3-21-18)
• K-Phite (0-29-26)
• Ele-Max Foliar Phosphite (0-28-26)
• Nutri Phite P + K (0-28-26) 



Phosphate vs. Phosphonate

• Phosphate taken up by plants and 
incorporated into cells – ATP, DNA
– Minimal effect if any on turf diseases

• Phosphonate fungicides and fertilizers
– Taken up by plants and incorporated into cells as 

phosphite ions (H2 PO3
-) – not involved in P 

metabolism in plant
– Does have fungitoxic effects on plant pathogens



Phosphite Research Trial

• Compare phosphate vs. phosphite for: 

• Turfgrass growth
• Tissue Phosphorus concentration
• Rooting mass



Materials and Methods

• Greenhouse experiment initiated 
September 7th, 2006

• Silica sand rootzone (no available P)

• Providence creeping bentgrass 



• All fertilizer treatments applied after germination

• Treatment 1 (control) – all nutrients supplied 
weekly

• Treatment 2 (phosphate) – all nutrients supplied 
but less than full rate of NH4 H2 PO4 supplied 
weekly

• Treatment 3 (phosphite) – all nutrients supplied 
but less than full rate of NH4 H2 PO4 supplied 
weekly

Treatments



• P deficiency symptoms obvious in 
treatments 2 and 3 on October 10th

• Beginning Oct.10th, phosphate 
treatment 2 received 3-18-18, diluted to 
give 0.18% phosphate weekly

• Beginning Oct.10th, phosphite treatment 
3 received 1-0-26, diluted to give 0.18% 
phosphite weekly



Data

• Grass dry weights were collected on a 
weekly basis starting on October 17th

• Leaf tissue phosphorus was measured 
weekly starting on October 10th

• Dry root weights and turfgrass density 
were measured at the end of the 
experiment



Figure 1. Grass Dry Weight
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Grass Dry Weights

• The control treatment had significantly 
higher grass dry weights compared to 
both the phosphite and phosphate 
treatments on all measurement dates 

• The phosphate treatment had 
significantly higher grass dry weights 
compared to the phosphite on all 
measurement dates 



Figure 2. Tissue P Concentrations
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Leaf Tissue Phosphorus

• The control treatment had significantly 
higher tissue P concentrations 
compared to both the phosphite and 
phosphate treatments on all 
measurement dates 

• The phosphate treatment had 
significantly higher tissue P 
concentrations compared to the 
phosphite on all measurement dates 



Table 2. Mean rooting mass (g)

TreatmentTreatment dfdf October 31October 31stst

ControlControl 22 1.09a1.09a††

PhosphatePhosphate 22 1.02a1.02a

PhosphitePhosphite 22 0.64b0.64b

LSDLSD 0.150.15

†† Means followed by the same letter within a column are not Means followed by the same letter within a column are not 
significantly different according to Fishersignificantly different according to Fisher’’s LSD (P=0.05).s LSD (P=0.05).



Root Mass

• Both control and phosphate treatments 
had significantly higher root mass 
weights than the phosphite treatment

• No significant difference in root mass 
weight was found between the control 
and phosphate treatment 



PhosphitePhosphite

PhosphatePhosphateControlControl

PhosphitePhosphite
PhosphatePhosphate

ControlControl



Conclusion

• Phosphite applications appear to have 
limited if any influence on turfgrass 
growth and development with respect 
to phosphorus metabolism



Conclusion

• Research has shown phosphite 
applications to have an influence on 
disease incidence and overall turfgrass 
quality



Potassium CarriersPotassium Carriers
•• MuriateMuriate

 
of potash/potassium chloride of potash/potassium chloride 

(KCL)(KCL)
–– 00--00--60 to 060 to 0--00--6262
––Low cost, high salt index, burn potentialLow cost, high salt index, burn potential

MuriateMuriate of Potashof Potash



Potassium CarriersPotassium Carriers
•• Potassium sulfate/sulfate of potash Potassium sulfate/sulfate of potash 
(K(K22

 

SOSO44

 

) ) 
––00--00--50 to 050 to 0--00--52, 17% S52, 17% S

•• Potassium nitrate (KNOPotassium nitrate (KNO33

 

) 13) 13--00--4444

Potassium SulfatePotassium Sulfate



Potassium CarriersPotassium Carriers

•• Potassium magnesium sulfate (0Potassium magnesium sulfate (0--00--22)22)
–– SulSul--popo--magmag, trade name, trade name
–– 11% Mg, 22% S (K11% Mg, 22% S (K22

 

SOSO44

 

MgSOMgSO44

 

))

•• Complete fertilizersComplete fertilizers

•• Coated potash sourcesCoated potash sources

•• Potassium phosphates, potassium hydroxidePotassium phosphates, potassium hydroxide



Calcium CarriersCalcium Carriers

•• Liming materials Liming materials ––
 

limestoneslimestones, calcium , calcium 
hydroxide, calcium oxide, slaghydroxide, calcium oxide, slag

•• Gypsum (CaSOGypsum (CaSO44●●2H2H22

 

O) primary use is on O) primary use is on sodicsodic
 soils, 22% Ca, 18% Ssoils, 22% Ca, 18% S

•• Calcium phosphates 0Calcium phosphates 0--2222--0 contains 180 contains 18--21% Ca 21% Ca 
00--4646--0 contains 120 contains 12--24% Ca24% Ca

•• Calcium nitrateCalcium nitrate



Magnesium CarriersMagnesium Carriers

•• DolomiticDolomitic
 

liming materials CaCOliming materials CaCO33●●MgCOMgCO33

•• Epsom salts MgSOEpsom salts MgSO44●●7H7H22

 

O 10% mg, 13% SO 10% mg, 13% S

•• SulSul--popo--magmag, sulfate of potash & magnesium, , sulfate of potash & magnesium, 
potassium magnesium sulfate 22% Kpotassium magnesium sulfate 22% K22

 

O, 11% O, 11% 
Mg, 22% SMg, 22% S

•• Magnesium oxide 55% MgMagnesium oxide 55% Mg



Sulfur CarriersSulfur Carriers

•• Elemental S Elemental S ––
 

usu. 90% S, various forms: usu. 90% S, various forms: 
–– Powder, ground, sulfur suspensions (Powder, ground, sulfur suspensions (flowableflowable), reconstituted), reconstituted
–– Must be oxidized to SOMust be oxidized to SO44

 

--

•• Sulfate carriersSulfate carriers

•• Sulfur coated Sulfur coated ureasureas, ammonium , ammonium thiosulfatethiosulfate
 (12% N, 26% S)(12% N, 26% S)



IronIron

•• Not a component of chlorophyllNot a component of chlorophyll
•• Iron is a component of structures important Iron is a component of structures important 
in the synthesis of chlorophyllin the synthesis of chlorophyll

•• Iron in the soil is usually insoluble and Iron in the soil is usually insoluble and 
unavailable to the plantunavailable to the plant



IronIron

•• Grasses acquire iron from the soil by Grasses acquire iron from the soil by 
making and releasing making and releasing phytosiderophoresphytosiderophores 
from the rootsfrom the roots

•• PhytosiderophoresPhytosiderophores chelatechelate (bind) the (bind) the 
insoluble oxidized iron (Feinsoluble oxidized iron (Fe+3+3) and carry it ) and carry it 
into the plantinto the plant



IronIron

•• Non deficient turf: enhance colorNon deficient turf: enhance color
•• Deficient turf: rarely occurs on cool season Deficient turf: rarely occurs on cool season 
turfturf



THE EFFECT OF SOIL pH ON NUTRIENT AVAILABILITY

Soil pH greatly affects nutrient availability. By noting that the width of the bar is 
directly proportionate to that nutrient's availability, you can tell that potassium, for 
example, becomes less available at pH levels below 6.0.  So, deficiency problems 
may actually be soil pH problems.



Iron CarriersIron Carriers

•• Ferrous sulfate FeSOFerrous sulfate FeSO44●●7H7H22

 

O (19% Fe)O (19% Fe)
–– 11--3 ounces in 23 ounces in 2--5 gal H5 gal H22

 

O/1000O/1000

•• Ferrous ammonium sulfate Ferrous ammonium sulfate 
–– (NH(NH44

 

))22

 

SOSO44●●FeSOFeSO44●●6H6H22

 

O (14% Fe)O (14% Fe)

•• Iron oxidesIron oxides

•• MilorganiteMilorganite
 

(5% Fe) and other organic sources(5% Fe) and other organic sources



Iron OxideIron Oxide
•• 50% Fe50% Fe
•• Widely used as Fe source Widely used as Fe source 

in in granular fertilizergranular fertilizer, cannot , cannot 
be applied in solutionbe applied in solution

•• Not soluble in soil with pH Not soluble in soil with pH 
5.5 or greater5.5 or greater

•• Not recommended as Fe Not recommended as Fe 
source in conditions where source in conditions where 
Fe is deficientFe is deficient



Iron CarriersIron Carriers
•• ChelateChelate

 
is an organic compound formed when a is an organic compound formed when a cationcation

 
or or 

anion is bound by a ring structure of either naturally anion is bound by a ring structure of either naturally 
occurring or artificial chelating agentsoccurring or artificial chelating agents
–– ““clawlikeclawlike””

 

chemical that chemical that capsulatescapsulates

 

an elementan element

•• ChelatedChelated
 

iron (follow label rates)iron (follow label rates)
–– SequestreneSequestrene

 

330330
–– NaFeNaFe

 

EDTA on neutral to slightly acid soilsEDTA on neutral to slightly acid soils
–– NaFeNaFe

 

HEDTA on acid soilsHEDTA on acid soils
–– NaFeNaFe

 

EDDHA on soils ph 4EDDHA on soils ph 4--99
–– NaFeNaFe

 

DTPA on soil about pH 7DTPA on soil about pH 7
–– Citric acidCitric acid

•• Added to complete fertilizers or combination Added to complete fertilizers or combination 
micronutrient productmicronutrient product



FeFe--EDTAEDTA

•• NaFeNaFe--EDTA  EDTA  -- 14% Fe14% Fe
•• Best on neutral to acid soilsBest on neutral to acid soils
•• May be soil applied or as foliar May be soil applied or as foliar 

sprayspray
•• Foliar betterFoliar better
•• Minimal staining Minimal staining 



GranusolGranusol
•• Fe Fe SucrateSucrate -- 50% Fe50% Fe
•• 44--5% water soluble Fe5% water soluble Fe
•• Iron oxide reacted with carbohydrate Iron oxide reacted with carbohydrate 

(molasses)(molasses)
•• Produced good Centipede growth Produced good Centipede growth 

and color at pH 8.0 and color at pH 8.0 –– good response good response 
at high pHat high pH

•• ““Iron SafeIron Safe”” contains Fe contains Fe sucratesucrate



SequestreneSequestrene 330330

•• 10% Fe10% Fe
•• Sodium Ferric Sodium Ferric diethylenediethylene--triaminetriamine 

pentaacetatepentaacetate (DTPA), (DTPA), chelatedchelated
•• Good Fe source on soils with pH Good Fe source on soils with pH 

6.56.5--7.57.5
•• May be applied to soil or as foliar May be applied to soil or as foliar 

sprayspray



Iron Humate Iron Humate 

•• 25 25 -- 28% Fe28% Fe
•• Produced as a byProduced as a by--product of water product of water 

purificationpurification
•• Not recommended as Fe source in Not recommended as Fe source in 

unmodified formunmodified form
•• Degrades very slowly in soil (slow Degrades very slowly in soil (slow 

release Fe)release Fe)
•• ““PerkPerk”” contains ferrous sulfate and contains ferrous sulfate and 

iron iron humatehumate





Manganese CarriersManganese Carriers

•• Manganese sulfate MnSOManganese sulfate MnSO44●●4H4H22

 

O (27% O (27% MnMn))

•• Manganese Manganese chelateschelates
 

MnEDTAMnEDTA
 

(5(5--12% 12% MnMn))

•• Manganese oxideManganese oxide



Other CarriersOther Carriers

•• ZincZinc
•• CopperCopper
•• BoronBoron
•• Normally not applied individually but as part of Normally not applied individually but as part of 

fertilizer fertilizer ‘‘packagespackages’’



How nutrients are taken up by the plant How nutrients are taken up by the plant 



““There are many situations in turf management There are many situations in turf management 
when root function is restricted  when root function is restricted  —— when foliar when foliar 
applications would not only be  beneficial but the applications would not only be  beneficial but the 
only practical way to apply nutrients.only practical way to apply nutrients.”” (Hull, (Hull, 
2000)2000)



When is there When is there somethingsomething 
restricting root absorption?restricting root absorption?

•• Dry soilDry soil
•• Summer root decline/heat stressSummer root decline/heat stress
•• Insect feedingInsect feeding



Foliar Uptake Research

• Three locations in 2006
– Michigan State Univ. 

• L-93 creeping bentgrass
• Poa annua

– Univ. of Nebraska
• L-93 creeping bentgrass

– Clemson University
• Champion bermudagrass



Uptake of Foliar Nutrients

• 3 Treatments
– TruFoliar (Grigg Brothers)
– Andersons 20-20-20
– Untreated

• 2 Environments
– May 16: 70 F
– July 31: 96 F



Grigg Fertilizer Program

• Gary’s Green Ultra (13-2-3 + Fe)
– 9 oz./M

• Sili-Kal B (8-0-4)
– 6 oz./M

• P-K Plus (3-21-18 + micros)
– 6 oz./M

• Mg Chelate (5%)
– 1 oz./M



Andersons (20-20-20)
• Applied at 0.125 lbs. N/M

AmmoniacalAmmoniacal nitrogen 2.8%nitrogen 2.8%
Nitrate nitrogen 5.0%Nitrate nitrogen 5.0%
Urea 12.2%Urea 12.2%
Phosphate 20%Phosphate 20%
Potassium 20%Potassium 20%
Boron 0.02%Boron 0.02%
Copper 0.07%Copper 0.07%
Iron 0.05%Iron 0.05%
Manganese 0.05%Manganese 0.05%
Zinc 0.05%Zinc 0.05%







amount applied per unit area
– amount in untreated (from wash)
– amount in wash

=  (amount absorbed) 

this equals total amount of foliar uptake
but does not account for that retained in cuticle



N P K

Grigg Foliar Bent 62 90 82

Poa 75 90 85

Andersons Bent 45 85 68

Poa 65 80 68

% Absorption Summary (6 hr after application) 
Michigan Results



Fe Cu Zn B Ca Mg Si / 
Mo Mn

Grigg Foliar Bent 95 90 95 90 40 70 XX 96

Poa 80 88 95 85 78 60 XX 95

Andersons Bent 40 80 85 65 XX XX XX 65

Poa 65 80 80 45 XX XX XX 20

% Absorption Summary (6 hr after application) 
Michigan Results



N P K

Grigg Foliar

NE 88 80 84

MI 62 90 82
Andersons

NE 88 80 84

MI 45 85 68

% Absorption Summary (6 hr after application) 
L-93, Michigan vs. NE



Fe Cu Zn B Ca Mg Si / 
Mo Mn

Grigg Foliar NE 90 92 80 70 70 60 XX 90

MI 95 90 95 90 40 70 XX 96

Andersons NE 40 70 70 5 XX XX XX 40

MI 40 80 85 65 XX XX XX 65

% Absorption Summary (6 hr after application) 
Michigan vs. NE



N P K

Grigg Foliar 930 F 88 98 98

790 F 98 98 98

Andersons 930 F 84 98 98

790 F 90 98 96

% Absorption Summary (6 hr after application) 
Champion Bermudagrass, Clemson, SC



Fe Cu Zn B Ca Mg Si / 
Mo Mn

Grigg Foliar 930 F 80 99 98 92 94 78 XX 90

790 F 72 89 92 90 92 77 XX 98

Andersons 930 F 60 99 98 40 XX XX XX 10

790 F 45 92 88 30 XX XX XX 10

% Absorption Summary (6 hr after application) 
Champion Bermudagrass, Clemson, SC



Temperature Effects (bentgrass)
 Iron
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Temperature Effects (bentgrass)

Potassium 
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Temperature Effects (bentgrass)
Calcium 
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Best Time to Apply Best Time to Apply FoliarFoliar’’ss

•• Foliar absorption requires timeFoliar absorption requires time
•• Minimum of 3 hrs. or > for absorptionMinimum of 3 hrs. or > for absorption

–– Avoid irrigation/rainfallAvoid irrigation/rainfall



•• Avoid applying prior to mowing or if Avoid applying prior to mowing or if 
heavy dewheavy dew

•• Dew may enhance Dew may enhance ‘‘runrun--offoff’’ from from 
leavesleaves

•• Slightly moist surface is idealSlightly moist surface is ideal
•• Evening application may be ideal Evening application may be ideal 

howeverhowever…………may not be practicalmay not be practical



Spray VolumeSpray Volume

•• Foliar: < 1 gal. water/1000 ft.Foliar: < 1 gal. water/1000 ft.22

–– Flat fan nozzleFlat fan nozzle
•• Liquid: > 1 gal. water/1000 ft.Liquid: > 1 gal. water/1000 ft.22

•• Fungicides: 2 gal. water/1000 ft.Fungicides: 2 gal. water/1000 ft.22



New Granular TechnologiesNew Granular Technologies

•• Can apply at low rates (0.1 lb. N/1000 ft.Can apply at low rates (0.1 lb. N/1000 ft.22))



Philosophies of Evaluation of Soil 
Tests

• SLAN (sufficiency level of available 
nutrients)
– Estimates the nutrient supplying power of the soil 

and then ranks whether this level is sufficient to 
meet the plant needs

• BCSR (base cation
 

saturation 
ratio)/Albrecht theory
– Compare relative levels of basic cations
– Suggested %

• 60-80% Ca
• 5-15% Mg
• 2-5% K



• BCSR (base cation
 

saturation ratio)
– Suggested ratios

• Ca:K
 

below 10:1, Ca deficiency may occur  
above 30:1, K deficiency may occur

• Mg:K
 

below 2:1, Mg deficiency may occur 
above 10:1, K deficiency may occur

• Ca:Mg
 

below 3:1, Ca deficiency may occur 
above 3:1, Mg deficiency may occur
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