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Skyrocketing Fertilizer CostsSkyrocketing Fertilizer Costsy gy g
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We are the GREEN industry!
and

good stewards 
of the environment

Fertilizers

We should ALL
be concerned!be concerned!

Watershed



Why Should You Care
about Nutrient Leaching?about Nutrient Leaching?

Efficient use of water and fertilizer can:
hi h lit l tgrow a higher quality plant

save MONEY
Consider pesticidesConsider pesticides
Consider groundwater and surface water  

t tiprotection
Government Regulation! 
– States with Ag production fertilizer use laws 

(to varying degrees) include:
Pennsylvania, West Virginia, Virginia, Maryland, 
Nebraska, Michigan, Arizona, Wisconsin, and 
Florida

– Also some homeowner fertilizer use laws



Management practices that Management practices that g pg p
help to reduce leaching help to reduce leaching 

Bridgen:Bridgen:Bridgen:Bridgen:
–– How this research beganHow this research began

Mum studies: Advantages of using ControlledMum studies: Advantages of using Controlled–– Mum studies:  Advantages of using Controlled Mum studies:  Advantages of using Controlled 
Release Fertilizers (CRF)Release Fertilizers (CRF)

Mattson:Mattson:Mattson:Mattson:
–– Results of CRF work with poinsettias, bedding Results of CRF work with poinsettias, bedding 

plants, and mumsplants, and mumsp ,p ,
–– Costs of CRF vs. CLFCosts of CRF vs. CLF

Catlin:Catlin:Catlin:Catlin:
–– Practices to reduce leachingPractices to reduce leaching
–– Efficiency with irrigationEfficiency with irrigationEfficiency with irrigationEfficiency with irrigation



THANKS!THANKS!

Our Mum Sponsors:Our Mum Sponsors:
–– Ball ChrysanthemumBall ChrysanthemumBall ChrysanthemumBall Chrysanthemum
–– GroLinkGroLink ChrysanthemumsChrysanthemums
–– SyngentaSyngenta (Yoder Brothers)(Yoder Brothers)–– SyngentaSyngenta (Yoder Brothers)(Yoder Brothers)

Scotts:  Scotts:  OsmocoteOsmocote fertilizers and fundingfertilizers and funding
SunGroSunGro: : Sunshine Mix #8Sunshine Mix #8



ObjectiveObjectiveObjectiveObjective

To compare:To compare:
–– Water Soluble Fertilizers (WSF)Water Soluble Fertilizers (WSF)( )( )
–– Controlled Release Fertilizers (CRF)Controlled Release Fertilizers (CRF)

Combination Program of CRF for 2 4 & 6Combination Program of CRF for 2 4 & 6–– Combination Program of CRF for 2, 4, & 6 Combination Program of CRF for 2, 4, & 6 
weeks of WSFweeks of WSF

To quantify nutrient leaching and plant To quantify nutrient leaching and plant 
growth growth in response to fertilizer typein response to fertilizer typegg p ypp yp



How We Grew Our MumsHow We Grew Our Mums
Planted:  Week of June 22Planted:  Week of June 22

1 tti t1 tti t–– 1 cutting per pot1 cutting per pot
9.5 inch plastic pan pots9.5 inch plastic pan pots
Sunshine #8 growing mediumSunshine #8 growing medium
No pinch, No growth regulatorsNo pinch, No growth regulators
Rooted cuttings direct stuck outsideRooted cuttings direct stuck outside
Drip irrigationDrip irrigationp gp g



2007:  Cultivar ‘Coparo’ HISTORY OF THIS RESEARCH

Osmocote Plus
8-9 mo

Control
CLF

Gold Standard
8-9 mo

High Start
8 98-9 mo

CLF 
For 6 weeks

CLF 
For 4 weeks

CLF 
For 2 weeks

No CLF
Control 



20082008
What What about growing with only a about growing with only a 

Controlled Release Fertilizer (CRF)?Controlled Release Fertilizer (CRF)?Controlled Release Fertilizer (CRF)?Controlled Release Fertilizer (CRF)?
ieie, , NO liquid feed?NO liquid feed?qq



Osmocote Plus 3-4 month

20082008
Osmocote Plus 5-6 month

control high medium lowg

Osmocote Plus 8-9 month

control high medium low

‘Terrano White’

control high medium low



2008 ‘Helen’ Plant Height2008 ‘Helen’ Plant Heightgg

Anova P=0.08   Letters represent mean separation comparison using Tukey’s HSD, 
alpha=0.05



2008 ‘Helen’ Plant Dry Mass2008 ‘Helen’ Plant Dry Massyy

Anova P=0.019 Letters represent mean separation comparison using Tukey’s HSD, 
alpha=0.05



LeachateLeachate Collecting ProceduresCollecting Proceduresgg
6 replications per treatment6 replications per treatment
LeachateLeachate collected every 2 weekscollected every 2 weeks
Samples sent to be analyzedSamples sent to be analyzedSamples sent to be analyzedSamples sent to be analyzed



2009 Treatments

Trt1-Control Liquid Fertilizer 250 ppm constant liquid feed

S /Trt 2 16-9-12; 5-6 month; High Start 5 lbs/cu.yard

Trt 3 16-9-12; 5-6 month; High Start 9.3 lbs/cu.yard

Trt 4 15-9-12; 5-6 month 5.3 lbs/cu.yard

Trt 5 15-9-12; 5-6 month 5.3 lbs/cu.yard + 4 wks

Trt 6 15-9-12; 5-6 month 10 lbs/cu.yard

Trt 7 16-9-12 8-9 month; High Start 8.7 lbs/cu.yard

Trt 8 16-9-12 8-9 month; High Start 10 lbs/cu.yard

Trt 9 15-9-12;  8-9 month 8.7 lbs/cu.yard

Trt 10 15-9-12;  8-9 month 8.7 cu.yard + 4 wks

Trt 11 15-9-12;  8-9 month 10 lbs/cu.yard

Trt 12 15-9-12;  8-9 month 13.3 lbs/cu.yard



Observation 1:  Trt 1 (CLF), Trt 5, and Trt 10 are same size 
and largest.

Trt 1 Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11Control Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11

*Remember Trt 5 and Trt 10 each had 4 weeks of CLF



Treatment 1
Control

CLF

Treatment 5
15-9-12

5-6 months

Treatment 10
15-9-12

8-9 months
+ 4 weeks CLF + 4 weeks CLF



Treatment 1
Control

CLF

Treatment 5
15-9-12

5-6 months

Treatment 10
15-9-12

8-9 months

Treatment 9
15-9-12

8-9 months

Treatment 4
15-9-12

5-6 monthsCLF 5 6 months
+ 4 weeks CLF

8 9 months
+ 4 weeks CLF

8 9 months5 6 months



Observation 2:  Trt 1 (CLF) had the greatest delay in flowering
Trt 5, and Trt 10 had a slight delay in flowering.

Trt 1 Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11Control Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11



Observation 2:  Trt 1 (CLF) had the greatest delay in flowering
Trt 5, and Trt 10 had a slight delay in flowering.

Trt 1 Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11Control Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11



Observation #3: Smallest plants were Trt 2, Trt 4, & Trt 9*   

Trt 1 Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11Control Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11

* Under 9# per cubic yard is least effective



Observation #4:  ALL plants would be commercially 
acceptable!   

Trt 1 Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11Control Trt 12Trt 2 Trt 3 Trt 4 Trt 5 Trt 6 Trt 7 Trt 8 Trt 9 Trt 10 Trt 11



WHAT HAVE WE LEARNED:

Mums can be grown withMums can be grown with 
CRF only
- but use at least 9#/cu.yd ofbut use at least 9#/cu.yd of 
N.

Nutrient leaching is much 
less if CRF are used.

Fertilization during the first 
4-6 weeks is most4 6 weeks is most 
important!



Nutrient Leaching Summer Nutrient Leaching Summer 
20082008

LeachateLeachate collected collected 
weeklyweeklyyy
Total volume of water Total volume of water 
weightedweightedweightedweighted
Samples sent to a Samples sent to a 
commercial lab (The commercial lab (The 
Scotts Lab)Scotts Lab)Scotts Lab)Scotts Lab)





Rainfall and average daily temperature 

Total rainfall: 10.8 in (27.4 cm)
Average temp for 10 week period: 73 °F (23 °C)



Nitrogen concentration in Nitrogen concentration in leachateleachate
(NO(NO33--N + NHN + NH44--N)N)

LSD 172       176     119      337      83       34      185      167      95        38



Phosphorus Concentration in Phosphorus Concentration in LeachateLeachate
(PO(PO44

33----P)P)

LSD 76      23       28      33      19      24     60      19      25      7



Cumulative N and P content in Cumulative N and P content in leachateleachate
(weeks 4(weeks 4 10)10)(weeks 4(weeks 4--10)10)

Phosphorus NitrogenPhosphorus g

Letters represent mean separation comparison using Tukey’s HSD, alpha=0.05



ResultsResultsesu sesu s

Within 2 weeks of stopping water solubleWithin 2 weeks of stopping water solubleWithin 2 weeks of stopping water soluble Within 2 weeks of stopping water soluble 
feed, feed, leachateleachate nutrient concentrations nutrient concentrations 
comparable to CRF only plantscomparable to CRF only plantscomparable to CRF only plantscomparable to CRF only plants
LeachateLeachate concentration reduced 5concentration reduced 5--8 fold in 8 fold in 
CRF+0 as compared to WSFCRF+0 as compared to WSF
CRF is a viable fertilization methodCRF is a viable fertilization methodCRF is a viable fertilization methodCRF is a viable fertilization method

growthgrowthleachingleaching
Cost?Cost?



Cost ComparisonCost Comparison

Assumptions:Assumptions:
6 gallons of water used for 10 weeks6 gallons of water used for 10 weeks6 gallons of water used for 10 weeks6 gallons of water used for 10 weeks
–– 10 10 minsmins drip/day, 0.5 gallons / hourdrip/day, 0.5 gallons / hour

$ f # f$ f # f$34 for 25# bag of 20$34 for 25# bag of 20--1010--2020
–– @250 @250 ppmppm N N  2,370 gallons of water2,370 gallons of water@@ pppp , g, g

$100 for 100# bag of $100 for 100# bag of OsmocoteOsmocote PlusPlus



Cost ComparisonCost Comparisonpp
WSF = water soluble fertilizerWSF = water soluble fertilizer
CRF = controlled release fertilizerCRF = controlled release fertilizer

TreatmentsTreatments Cost ($/pot)Cost ($/pot)
WSFWSF 0 080 08WSFWSF 0.080.08
CRF + 0 weeks WSFCRF + 0 weeks WSF 0.150.15
CRF + 2 weeks WSFCRF + 2 weeks WSF 0.130.13
CRF + 4 weeks WSFCRF + 4 weeks WSF 0 150 15CRF + 4 weeks WSFCRF + 4 weeks WSF 0.150.15
CRF + 6 weeks WSFCRF + 6 weeks WSF 0.170.17



How does irrigationHow does irrigationHow does irrigation How does irrigation 
efficiency effect efficiency effect yy

cost?cost?

Scenario ass mesScenario ass mesScenario assumes Scenario assumes 
30% efficiency (i.e. 30% efficiency (i.e. 
70% of water is lost)70% of water is lost)



Cost Comparison Cost Comparison –– 30% Water 30% Water 
EfficiencyEfficiencyEfficiencyEfficiency

WSF = water soluble fertilizerWSF = water soluble fertilizer
CRF = controlled release fertilizerCRF = controlled release fertilizer

TreatmentsTreatments Cost ($/pot)Cost ($/pot)
WSFWSF 0 290 29WSFWSF 0.290.29
CRF + 0 weeks WSFCRF + 0 weeks WSF 0.150.15
CRF + 2 weeks WSFCRF + 2 weeks WSF 0.170.17
CRF + 4 weeks WSFCRF + 4 weeks WSF 0 230 23CRF + 4 weeks WSFCRF + 4 weeks WSF 0.230.23
CRF + 6 weeks WSFCRF + 6 weeks WSF 0.290.29



Nutrient leaching 
and cost analysis

Summer 2009Summer 2009







Cost ComparisonCost ComparisonCost ComparisonCost Comparison

Assumptions:Assumptions:
7 gallons of water used for 12 weeks7 gallons of water used for 12 weeks7 gallons of water used for 12 weeks7 gallons of water used for 12 weeks
–– 10 10 minsmins drip/day, 0.5 gallons / hourdrip/day, 0.5 gallons / hour

$ f # f$ f # f$34 for 25# bag of 20$34 for 25# bag of 20--1010--2020
–– @250 @250 ppmppm N N  2,370 gallons of water2,370 gallons of water@@ pppp , g, g

$100 for 100# bag of $100 for 100# bag of OsmocoteOsmocote PlusPlus



Cost ComparisonCost Comparison
$ per pot

Trt 1 0.10
Trt 2 0.06
Trt 3 0.13
Trt 4 0.07
Trt 5 0.11
Trt 6 0.14
Trt 7 0.11Trt 7 0.11
Trt 8 0.13
Trt 9 0 12Trt 9 0.12
Trt 10 0.15
Trt 11 0 14Trt 11 0.14
Trt 12 0.18



CRFs in Greenhouse Bedding PlantsCRFs in Greenhouse Bedding Plants

Plant material:Plant material: CalibrachoaCalibrachoa, New Guinea, New GuineaPlant material: Plant material: CalibrachoaCalibrachoa, New Guinea , New Guinea 
ImpatiensImpatiens

FertilizersFertilizers
2121--55--20 at 100 or 20020 at 100 or 200 ppmppm NitrogenNitrogen2121--55--20 at 100 or 200 20 at 100 or 200 ppmppm NitrogenNitrogen
OsmocoteOsmocote Plus ® 3Plus ® 3--4 mo. at 4 mo. at Low Low (3.3# / cu yd) (3.3# / cu yd) 
andand Medium ratesMedium rates (5 7# / cu yd)(5 7# / cu yd)and and Medium rates Medium rates (5.7# / cu yd)(5.7# / cu yd)

66--inch pots, 6 week production periodinch pots, 6 week production period
Drip irrigatedDrip irrigatedDrip irrigatedDrip irrigated



Plant SizePlant Size



Nitrogen LeachingNitrogen Leachingg gg g



What did the plants look like?What did the plants look like?
100 200

Liquid Feed
ppm

3 3 5 7

O t Pl

3.3 5.7

Osmocote Plus
# / cu ydy



Poinsettia TrialPoinsettia TrialPoinsettia TrialPoinsettia Trial
Liquid feed used from Transplant till 2 weeks afterLiquid feed used from Transplant till 2 weeks afterLiquid feed used from Transplant till 2 weeks after Liquid feed used from Transplant till 2 weeks after 
pinchpinch
Th t t d ithTh t t d ithThen treated with:Then treated with:

1.1. Constant liquid feed Constant liquid feed 250 250 ppmppm N 20N 20--1010--2020
2.2. OsmocoteOsmocote 33--4 month 4 month 8# per cubic yard, top 8# per cubic yard, top 

dresseddressed
33 O tO t 55 6 th6 th 8# bi d t8# bi d t3.3. OsmocoteOsmocote 55--6 month 6 month 8# per cubic yard, top 8# per cubic yard, top 

dresseddressed
44 OsmocoteOsmocote 88 9 month9 month 8# per cubic yard top8# per cubic yard top4.4. OsmocoteOsmocote 88--9 month9 month 8# per cubic yard, top 8# per cubic yard, top 

dresseddressed

“Prestige Red” and ““Prestige Red” and “PeterstarPeterstar Red”Red”



Peterstar Red

Liquid FeedLiquid Feed OsmocoteOsmocote 88--9 month9 month
250 250 ppmppm N                                           8.4# / cu ydN                                           8.4# / cu yd



What is an organic fertilizer?What is an organic fertilizer?
A fertilizer that is derived from animal or vegetable A fertilizer that is derived from animal or vegetable 

matter or from naturally occurring mineralsmatter or from naturally occurring mineralsmatter, or from naturally occurring mineralsmatter, or from naturally occurring minerals

Examples:Examples:
manuremanuremanuremanure
blood mealblood meal
worm castingsworm castingsworm castingsworm castings
seaweedseaweed
hydrolyzed fishhydrolyzed fish
rock phosphaterock phosphaterock phosphaterock phosphate
limestonelimestone



Organic fertilizers are a “slowOrganic fertilizers are a “slow--
release” fertilizer sourcerelease” fertilizer source

Conventional liquid fertilizers (ex: 20Conventional liquid fertilizers (ex: 20--1010--20)20)
Nutrients readily absorbed by plant rootsNutrients readily absorbed by plant rootsNutrients readily absorbed by plant rootsNutrients readily absorbed by plant roots
Nutrients readily leach from potting mixes Nutrients readily leach from potting mixes 

Nit t (N) d Ph h t (P)Nit t (N) d Ph h t (P)esp. Nitrate (N), and Phosphate (P)esp. Nitrate (N), and Phosphate (P)

Organic fertilizersOrganic fertilizers
Release nutrients slowly through Release nutrients slowly through 
decomposition and microbial actiondecomposition and microbial actionpp
Therefore may leach less N and PTherefore may leach less N and P



Comparing Fertilizer ProductsComparing Fertilizer Productsp gp g

Case StudyCase StudyCase StudyCase Study
How much does it cost to fertilize a crop with How much does it cost to fertilize a crop with 
different product types?different product types?
Can alternatives to liquid feed produce aCan alternatives to liquid feed produce aCan alternatives to liquid feed produce a Can alternatives to liquid feed produce a 
highhigh--quality crop?quality crop?
Do the alternatives leach less nitrogen and Do the alternatives leach less nitrogen and 
phosphorus?phosphorus?p pp p



Comparing the cost of Comparing the cost of 5 different 5 different p gp g
fertilizer productsfertilizer products

C i l
Water Soluble Peat-Lite 

Special ® 20-10-20
Conventional

p

Controlled Release Osmocote
Plus ® 15-9-12

Certified 
Hydrolyzed Fish + Drammatic 

One ® 4-4-1

Organic Oilseed extract + 
NaNO3

Daniels 
Pinnacle ® 3-1-1

Sustainable
Oilseed extract + 

inorganics
Daniels 

Professional ® 10-4-3



Comparison of 5 different fertilizer productsComparison of 5 different fertilizer products

Cost
Cost per lb 

Cost
Nitrogen

Peat-Lite $30 / 25# bag $6 10
Conventional

Special ® $30 / 25# bag $6.10

Osmocote 
® $85 / 50# bag $11.40Plus ® 3-4 mo $85 / 50# bag $11.40

Drammatic 
O ® $114 / 5 gal $68.00

Certified 
Organic

One ® $ / g $

Daniels 
Pi l ® $51 / 4.7 gal $43.00Pinnacle ® g

Sustainable
Daniels 

® $34 / 5 gal $8.10Sustainable Professional ® $34 / 5 gal $8.10



Estimated cost to produce a 6Estimated cost to produce a 6--inch crop?inch crop?

Scenario AssumptionsScenario Assumptions

6 week production period6 week production periodp pp p
1.1 gallons of water used per pot1.1 gallons of water used per pot

Crop of ‘medium feeders’          Crop of ‘medium feeders’          
(ex: Petunia) (ex: Petunia) 
Liquid products applied at 150 Liquid products applied at 150 
ppm Nitrogenppm Nitrogen
Controlled release fertilizer added Controlled release fertilizer added 
at medium rate (3.6 pounds per at medium rate (3.6 pounds per 
cubic yard)cubic yard)cubic yard)cubic yard)



¢¢ents to fertilize a 6ents to fertilize a 6--inch potinch pot
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Organic/Sustainable Fertilizer TrialOrganic/Sustainable Fertilizer Trial
Plant MaterialPlant Material

F h M i ld I ti P P t iF h M i ld I ti P P t iFrench Marigold, Impatiens, Pepper, Petunia, French Marigold, Impatiens, Pepper, Petunia, 
Tomato, Tomato, ToreniaTorenia

Fertilizers, applied at 150 Fertilizers, applied at 150 ppmppm NN
2121--55--20 liquid feed20 liquid feed
DrammaticDrammatic One ®One ®
Daniels Pinnacle ®Daniels Pinnacle ®
Daniels Professional ®Daniels Professional ®Daniels Professional ®Daniels Professional ®

Plugs/Liners transplanted in 4½Plugs/Liners transplanted in 4½--potspotsPlugs/Liners transplanted in 4½Plugs/Liners transplanted in 4½--potspots
Grown for 5 weeks Grown for 5 weeks 



Was nutrient leaching reduced?Was nutrient leaching reduced?
m
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Nora Catlin
Ways to Reduce Ways to Reduce 

Nora Catlin

Leaching Leaching 
Volume NutrientVolume NutrientVolume, Nutrient Volume, Nutrient 

Leaching, andLeaching, andLeaching, and Leaching, and 
NonNon--Target Target 

Application of Application of 
FertilizersFertilizersFertilizersFertilizers



Switch to Drip IrrigationSwitch to Drip IrrigationSwitch to Drip IrrigationSwitch to Drip Irrigation
Overhead irrigation vs microOverhead irrigation vs micro--Overhead irrigation vs. microOverhead irrigation vs. micro
irrigation/drip irrigation/trickle irrigation/drip irrigation/trickle 
irrigation (drip tubes, spaghetti irrigation (drip tubes, spaghetti 
tubes, etc.)tubes, etc.)
Much of water or fertilizer Much of water or fertilizer 
solution applied by hose or solution applied by hose or 
sprinkler is wastedsprinkler is wasted
Aff t d b t i iAff t d b t i iAffected by pot spacing, size, Affected by pot spacing, size, 
and canopyand canopy
Wh i h dWh i h dWhen using overhead When using overhead 
irrigation, as little as 25% can irrigation, as little as 25% can 
enter the containersenter the containersenter the containersenter the containers



Irrigating Overhead?Irrigating Overhead?
Hit your target.Hit your target.

Collect effluent and Collect effluent and 
leachateleachate using using 
trays or saucers totrays or saucers totrays or saucers to trays or saucers to 
prevent loss from prevent loss from 
nonnon target wateringtarget wateringnonnon--target wateringtarget watering

D. Cox, UMASS



Reduce the leaching fractionReduce the leaching fractionReduce the leaching fractionReduce the leaching fraction

Leaching fraction (LF)Leaching fraction (LF)–– the volume the the volume the 
drains from the bottom of the pot. drains from the bottom of the pot. pp

If 20% f th li d l d i fIf 20% f th li d l d i fIf 20% of the applied volume drains from If 20% of the applied volume drains from 
the pot, the leaching fraction is 0.2the pot, the leaching fraction is 0.2



Traditional recommendation:Traditional recommendation:Traditional recommendation:  Traditional recommendation:  
water plants until 10water plants until 10--15% of the 15% of the 
volume drains from the bottomvolume drains from the bottomvolume drains from the bottom volume drains from the bottom 
of the pot (0.1of the pot (0.1--0.15 LF) 0.15 LF) 

• However, in practice the LF 
can be in excess of 0 1-0 15can be in excess of 0.1 0.15
– Estimated that many growers 

achieve a 0 4-0 6 leachingachieve a 0.4 0.6 leaching 
fraction

• 1st step:  make sure you p y
leach only the appropriate 
amount and that you aren’t y
leaching too much



Is it time to rethink 10Is it time to rethink 10--15% 15% 
leaching?leaching?

Rethink the 0.1Rethink the 0.1--0.15 LF recommendation 0.15 LF recommendation 
and aim for 0and aim for 0
–– Consider wasted fertilizerConsider wasted fertilizer

BUT watch salts carefully when LF reducedBUT watch salts carefully when LF reduced–– BUT watch salts carefully when LF reduced.  BUT watch salts carefully when LF reduced.  
Rule of thumb, cut fertilizer rate 25Rule of thumb, cut fertilizer rate 25--50% if 0 50% if 0 
LF (when using liquid feed)LF (when using liquid feed)LF (when using liquid feed)LF (when using liquid feed)

–– Possible size reduction if grown too dry (less Possible size reduction if grown too dry (less 
th 20th 20 30% fi ld it )30% fi ld it )than 20than 20--30% field capacity)30% field capacity)



How can you reduce the leaching fraction?How can you reduce the leaching fraction?How can you reduce the leaching fraction?How can you reduce the leaching fraction?

Group plants with similar water needsGroup plants with similar water needsGroup plants with similar water needsGroup plants with similar water needs
Pressure compensated drippersPressure compensated drippers
–– output is not affected by pressure changesoutput is not affected by pressure changesoutput is not affected by pressure changes, output is not affected by pressure changes, 

length of line or elevation difference length of line or elevation difference –– even even 
distributiondistribution

Ti h d lTi h d lTimers or schedulersTimers or schedulers
Spread irrigation throughout daySpread irrigation throughout day——‘pulse’ or ‘pulse’ or 
‘ li ’ i i ti‘ li ’ i i ti‘cyclic’ irrigation‘cyclic’ irrigation
–– Irrigate more frequently, but for shorter amounts Irrigate more frequently, but for shorter amounts 

of timeof timeof timeof time
Use environmental sensorsUse environmental sensors
–– Soil moisture sensorsSoil moisture sensors–– Soil moisture sensorsSoil moisture sensors



Irrigation Timing TrialIrrigation Timing TrialIrrigation Timing TrialIrrigation Timing Trial
Tested irrigation timing strategiesTested irrigation timing strategiesTested irrigation timing strategies Tested irrigation timing strategies 
and different media on leaching and different media on leaching 
from and plant quality offrom and plant quality offrom and plant quality of from and plant quality of 
containercontainer--grown mumsgrown mums
–– Irrigation:Irrigation:

Standard:  ~10 minutes each morning Standard:  ~10 minutes each morning 
(250 N 20(250 N 20 1010 20)20)(250ppm N, 20(250ppm N, 20--1010--20)20)
Pulse:  ~10 minutes total Pulse:  ~10 minutes total –– 2 minutes, 2 minutes, 
5x/day every 4 hours during daytime5x/day every 4 hours during daytime5x/day, every 4 hours during daytime 5x/day, every 4 hours during daytime 
(250ppm N, 20(250ppm N, 20--1010--20)20)
2010: Moisture 2010: Moisture ClikClik moisture sensorsmoisture sensors
All on drip stakes, ~0.25gal/hrAll on drip stakes, ~0.25gal/hr



LeachateLeachate volume volume 
collected, every 1collected, every 1--2 2 
weeks (or more weeks (or more 
frequently if rain)frequently if rain)
Final plant size Final plant size 
compared (dry weight)compared (dry weight)( y g )( y g )
LeachateLeachate tested for tested for 
quantity of nutrientsquantity of nutrients

2009
quantity of nutrients quantity of nutrients 
presentpresent



Volume of Volume of leachateleachate from 9from 9--inch mum containers inch mum containers 
bj t d t diff t i i ti t t ibj t d t diff t i i ti t t isubjected to different irrigation strategiessubjected to different irrigation strategies

6000 6000

2009 2010

3000

4000

5000

e 
(m

l)

4000

5000

pulse

1000

2000

3000

vo
lu

m
e

1000

2000

3000 pulse
standard
sensor

0

7/
20 8/
3

8/
17

8/
31

9/
14

0
8/

10

8/
24 9/
7

9/
21

10
/5

0/
19

sensor

For most collection dates, 
standard irrigation resulted in 

1

significantly more leaching than 
the pulse irrigation



Pulse irrigation reduces cumulative Pulse irrigation reduces cumulative 
volume by ~20volume by ~20--25% (2009 and 2010) 25% (2009 and 2010) yy ( )( )
compared to standard irrigationcompared to standard irrigation

Moisture Moisture ClikClik irrigation reduced cumulative irrigation reduced cumulative 
volume by ~50% (2010) compared tovolume by ~50% (2010) compared tovolume by 50% (2010) compared to volume by 50% (2010) compared to 
standard irrigationstandard irrigation



Total N and P leached from Total N and P leached from 
different irrigation treatments different irrigation treatments 
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Final dry weightFinal dry weight 20092009Final dry weight Final dry weight -- 20092009
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Some EstimatesSome EstimatesSome EstimatesSome Estimates

~3500ml more volume and ~500mg more ~3500ml more volume and ~500mg more 
total N was collected per pot from the total N was collected per pot from the p pp p
standard treatment than the pulse standard treatment than the pulse 
treatment over the 11 week trialtreatment over the 11 week trialtreatment over the 11 week trialtreatment over the 11 week trial
–– For 5000 pots: 17,500 L (~4500 gal) and 5.5 For 5000 pots: 17,500 L (~4500 gal) and 5.5 

lb N leachedlb N leachedlb N leachedlb N leached



Other Ways To Reduce Nutrient LeachingOther Ways To Reduce Nutrient LeachingOther Ways To Reduce Nutrient LeachingOther Ways To Reduce Nutrient Leaching

T i t ll dT i t ll d l f tilil f tiliTry using controlledTry using controlled--release fertilizers release fertilizers 
(CRF)(CRF)
CRF can greatly reduce nutrient leachingCRF can greatly reduce nutrient leaching
–– Liquid feed can result in over 5X more nitrateLiquid feed can result in over 5X more nitrateLiquid feed can result in over 5X more nitrate Liquid feed can result in over 5X more nitrate 

leaching compared to CRFleaching compared to CRF
Is topIs top--dressed better than incorporated?dressed better than incorporated?Is topIs top dressed better than incorporated?dressed better than incorporated?
–– Some research indicates that Some research indicates that topdressedtopdressed

CRF or CRF buried a few inches in the mediaCRF or CRF buried a few inches in the mediaCRF or CRF buried a few inches in the media CRF or CRF buried a few inches in the media 
result in less nutrient leaching than result in less nutrient leaching than 
topdressedtopdressedpp



Fertilizer Type and Placement TrialFertilizer Type and Placement TrialFertilizer Type and Placement TrialFertilizer Type and Placement Trial

Trials in 2008 and 2009 studying the effect Trials in 2008 and 2009 studying the effect 
of media type and fertilizer type and of media type and fertilizer type and yp ypyp yp
placement on leaching from and plant placement on leaching from and plant 
quality of mumsquality of mumsquality of mumsquality of mums
–– Fertilizer:Fertilizer:

Li id f d 250 NLi id f d 250 NLiquid feed, ~250ppm NLiquid feed, ~250ppm N
CRF, CRF, OsmocoteOsmocote Plus (15Plus (15--99--12), top12), top--dresseddressed
CRFCRF OO Pl (1Pl (1 99 12) i d12) i dCRF, CRF, OsmocoteOsmocote Plus (15Plus (15--99--12), incorporated12), incorporated



LeachateLeachate collected at least collected at least 
weeklyweekly

200
Lab analysis to determine Lab analysis to determine 
nitrate N in nitrate N in leachateleachate in 2008 in 2008 

8and 2009, ammonium N and and 2009, ammonium N and 
phosphorous analyzed in phosphorous analyzed in yy
2009.2009.
Final plant size comparedFinal plant size comparedFinal plant size compared Final plant size compared 
(dry weight)(dry weight)

2009



Average NO3 and Total N leached Average NO3 and Total N leached 
fromfromfrom from 

different fertilizer treatmentsdifferent fertilizer treatments
2008 2009
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Average phosphate leached from Average phosphate leached from 
different fertilizer treatments different fertilizer treatments -- 20092009
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Other practices to reduce nutrient leachingOther practices to reduce nutrient leaching

Make sure your fertilizer injector is Make sure your fertilizer injector is 
calibrated and maintainedcalibrated and maintained
–– A fertilizer A fertilizer injector that is overinjector that is over--applying by just applying by just 

5050 ppmppm N can increase fertilizer costs by 20N can increase fertilizer costs by 20%%50 50 ppmppm N can increase fertilizer costs by 20N can increase fertilizer costs by 20%%

If i CRF tt ti t li tiIf i CRF tt ti t li tiIf using CRF, pay attention to application If using CRF, pay attention to application 
and doseand dose
–– For example, a heaping spoon vs. a level For example, a heaping spoon vs. a level 

spoon can over apply by up to 50%spoon can over apply by up to 50%spoon can over apply by up to 50%spoon can over apply by up to 50%



Thank you!Thank you!yy
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