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BareBare--root Forest Nurseryroot Forest Nursery
•• Over 20 million seedling produceOver 20 million seedling produce

Hardwood & softwoodHardwood & softwood

Larger seedling is betterLarger seedling is better

Intensive fertilizer Intensive fertilizer 
applicationapplication

Major source of nitrate Major source of nitrate 
ground water contaminationground water contamination

(US(US--EPA, 2006)EPA, 2006)
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Nitrogen BudgetNitrogen Budget
NNnetnet--minmin + + NNdepositiondeposition + + NNfertilizerfertilizer -- NNuptakeuptake = = NNleachingleaching

USGSUSGSHayward, WIHayward, WI

Bare-root forest nurseryBareBare--root forest nurseryroot forest nursery

100m100m

Water sourceWater source
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Reduce Nitrogen LeachingReduce Nitrogen Leaching

•• Best management practicesBest management practices
Synchronize the timing between plant demand Synchronize the timing between plant demand 
and nitrogen supplyand nitrogen supply
•• ConvConventional Fertilizer (entional Fertilizer (ConvConv))

MultipleMultiple--even applicationseven applications

•• CControl ontrol RRelease elease FFertilizers (CRF)ertilizers (CRF)
Single applicationSingle application
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Nitrogen release Nitrogen release 
CRFCRF

•• ControlsControls
–– Soil moistureSoil moisture
–– Soil temperatureSoil temperature

Soil typeSoil type

IrrigationIrrigation

PermeabilityPermeability

of coating materialsof coating materials

((ShavivShaviv 2001)2001)
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HypothesesHypotheses

1.1. CRFCRF management will achieve higher seedling management will achieve higher seedling 
growth relative to growth relative to ConvConv by synchronizing N by synchronizing N 
input and N demand of seedlings.input and N demand of seedlings.

2.2. CRFCRF management will result in reduced N management will result in reduced N 
leaching relative to leaching relative to ConvConv due to higher due to higher 
nutrient use efficiency.nutrient use efficiency.
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Experimental DesignExperimental Design

•• 2 sites2 sites

•• 2 treatments per site2 treatments per site
ConvConv: 192 : 192 kgNkgN haha--11 yryr--11

8 applications of 24 8 applications of 24 kgNkgN haha--11

CRFCRF: 192 : 192 kgNkgN haha--11 yryr--11

2 application of 96 2 application of 96 kgNkgN haha--11

•• Northern Red Oak (Northern Red Oak (QuercusQuercus
RubraRubra))

Hayward

Boscobel

Wisconsin, USAWisconsin, USA
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MethodsMethods
•• N InputN Input

Precipitation & IrrigationPrecipitation & Irrigation
FertilizerFertilizer
MineralizationMineralization

•• N OutputN Output
Biomass uptakeBiomass uptake
LeachingLeaching

•• N StorageN Storage
SoilSoil

•• Samples taken 2005

•• AnalysesAnalyses
Biomass Biomass (0.01 g)(0.01 g)
Total N Total N 

•• soil, biomass (0.1 %)soil, biomass (0.1 %)
Solution N Solution N 

•• NHNH44
++, NO, NO33

-- (0.1 (0.1 mgNmgN LL--11))

Samples taken 2005
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ResultsResults
First Year Northern Red OakFirst Year Northern Red Oak

Fertilizer Type

Conv CRF
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ResultsResults
BiomassBiomass

Fertilizer Type

CONV CRF
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ResultsResults
Root:ShootRoot:Shoot RatioRatio

Fertilizer Types

CONV CRF
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•• CONV grow more CONV grow more 
aboveground than aboveground than 
belowgroundbelowground

•• CRF shows CRF shows 
consistent consistent 
Root:ShootRoot:Shoot ratioratio
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ResultsResults
Biomass N UptakeBiomass N Uptake

Fertilzier Type

CONV CRF
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ResultsResults
Biomass Nitrogen AllocationBiomass Nitrogen Allocation

Fertilizer type

CONV CRF
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Hayward State Nursery
Wilson State Nursery •• Hayward ConventionalHayward Conventional

N aboveground N aboveground << belowgroundbelowground
• Boscobel ConventionalBoscobel Conventional

N aboveground N aboveground >> belowgroundbelowground
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ResultsResults
Water BalanceWater Balance

•• Difference between Difference between 
water input and PETwater input and PET

Negative = water stressNegative = water stress

•• Seedlings in Boscobel Seedlings in Boscobel 
had sufficient waterhad sufficient water

•• Seedlings in Hayward Seedlings in Hayward 
had deficient waterhad deficient water
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ResultsResults
Nitrogen LeachingNitrogen Leaching

Fertilizer Type

CONV CRF
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•• CONV CONV >>
CRFCRF

Up to 60%Up to 60%
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ResultsResults
Nitrogen LeachingNitrogen Leaching

FertilizerFertilizer

SOMSOM SoilSoil

Net NNet N--minmin

UptakeUptake

LeachingLeachingFertilizer Type
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ConclusionConclusion
•• Fertilizer application can differ the physical Fertilizer application can differ the physical 

properties of the seedling growth; properties of the seedling growth; ConvConv >> CRF .CRF .

•• CRF application allocate biomass N to belowground CRF application allocate biomass N to belowground 
biomass than Conventional fertilizer application.biomass than Conventional fertilizer application.

•• CRF application could reduce the N leaching from CRF application could reduce the N leaching from 
nursery system up to 60% compare with nursery system up to 60% compare with 
Conventional fertilizer application.Conventional fertilizer application.

•• The effects of fertilizer application on N uptake The effects of fertilizer application on N uptake 
could be altered by water management in nurseries. could be altered by water management in nurseries. 
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