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This presentation will equip you to be a better manager 
of fertilizer nutrients through: 

1. Understanding environmental implications of nutrient loss 

2. Reconsidering amounts of turf nutrients to apply when 
evaluating soil test results 

3. Recognizing environmental/management factors 
influencing nutrient dynamics (availability, retention,  
and losses) from turfgrass systems 



Environmental Implications of Nutrient Mismanagement 

• Eutrophication 

 

• Nitrogen and phosphorus are the limiting nutrients for eutrophication in most 
systems 

• EPA drinking water standard = 10 ppm 

• Environmental standard = 0.1 ppm 



Where are nutrients in surface waters coming 
from? 
• Sewage-based nutrients 

• Discharge from water treatment facilities, septic systems 

• Land-based N and P  
• Agriculture, urban runoff 

• Industrial emissions 
• N oxides deposited in rainfall 

• Fertilizers 

• Animal wastes 
• Medium sized dog can excrete ~10 lb. N and 2 lb. P per year  

(Baker et al., 2007)  

• Pet waste estimated to contribute 15 lbs N/acre/year to Baltimore 
watershed (Groffman et al., 2004) 

• Plant debris 
• Leaf litter can be a significant source of P 



Unfortunately, turfgrass is an easy regulatory 
target, due to its significant acreage, widespread 
use in metropolitan areas, and perceived inputs 

• Turfgrass has become the largest irrigated crop in the U.S. 

• ‘As turf acreage increases, so will fertilizer N use’ 

• Home lawns primarily affected thus far 

• If water quality is not improved, what will be next? 

 

• Golf courses? 

• Given the benefits of turfgrass to the environment, use of 
BMPs in our management programs is more important than 
ever for preservation of turfgrass systems 



Nutrient Management Goals 

• Eliminate nutrient deficiencies 

• Correct nutrient imbalances 

• Provide acceptable turfgrass quality and function 

• Maximize plant uptake 

• Minimize environmental losses 



How Much is Enough? 

Sufficiency level:  The range of nutrients in soil at which plant 
growth will be optimal.  Based on traditional correlations of yield 
vs. nutrient level from crop systems.  Most laboratories present 
turf soil test results in this way. 

 

MLSN (Minimum Level for Sustainable Nutrition):  
The minimum levels of soil nutrients at which we can be 
confident of good turf performance.  Based on lower 10% of 
nutrient levels measured in good performing turf systems.  



2 Approaches to Evaluating Soil Macronutrient Levels 

       Sufficiency*         MLSN **  

Nutrient          (mg/kg)        (mg/kg) 

Nitrogen     -               - 

Phosphorus     50       18 

Potassium              110                  35 

Calcium              750                   360 

Magnesium  140                  54 

Sulfur   15-40          13 

 
*  Conventional guidelines 
** From Woods et al., 2014 



MLSN Factors in Nutrient Consumption by Turfgrass 
   termed ‘crop requirement’ 

*If you have a grass that requires  

4 lb of N/1,000 sq ft per season  

it will also have  

a crop requirement of 

2 lb of K (4*0.5)  

0.5 lb each of P and Ca (4*0.125) 

and 0.2 lb each of Mg and S (4*.05) 

per season   

       Amount Proportional to           

Nutrient        Nitrogen Requirement         

Nitrogen      1.0              

Phosphorus              0.125      

Potassium                         0.5                 

Calcium                       0.125                   

Magnesium              0.05                

Sulfur               0.05        

 
*  Conventional guidelines 
** From Woods et al., 2014 



Example 1:  Calculate amount of P to add using 
the traditional sufficiency level approach 

• Bermudagrass fairway with a N requirement of 3 lbs/1,000 sq ft/season 

• Soil test results show Mehlich 3 extractable P at 5 ppm 

• Using the traditional sufficiency level approach: 

 Critical P level is 50 ppm 

 50-5 = 45 ppm – need to raise P by 45 ppm 

 45 ppm / 21.78 ppm per lb = 2.1 lb P per 1,000 sq ft/season 

 

  * Divide by 21.78 to convert ppm to lbs. per 1000 sq. ft. 



Example 2: Calculating amount of P to add using 
MLSN approach 

• Bermudagrass fairway with N requirement of 3 lbs/1,000 sq ft/season 

• Soil test results show Mehlich 3 extractable P at 5 ppm 

• Using the MLSN approach: 

 MLSN for P is 18 ppm 

 18-5 = 13 ppm – need to raise P by 13 ppm 

 13 ppm / 21.78 ppm per lb = 0.60 lb P per 1,000 sq. ft. 

 Add in crop requirement of 3*.125 = 0.375 lb P 

 Total P requirement =0.60+0.375 = 0.975 lb P per 1,000 sq ft/season 

 



pH Controls Nutrient availability  

Nitrogen 

Phosphorus 

Potassium 

Sulfur 

Calcium 

Manganese 

Magnesium 

Iron 

Boron 

Copper and Zinc 

4.0          5.0          6.0         7.0         8.0          9.0        10.0 

4.0          5.0          6.0         7.0         8.0          9.0        10.0 



Why Nutrient Availability is Affected by pH 

Nutrient Soil pH What happens. 

N Acid 

Bacteria populations that convert NH4
+ to NO3

- 

decline so NH4
+ accumulates and NO3

- level is 

low.  Less N fixation. 

P Acid 
Phosphate ions form insoluble complexes 

with Fe, Mn, Al 

Ca, Mg, K Acid 
Replaced by H+ and Al+3 on exchange sites and 

are lost through leaching 

S Acid 
SO4

-2 may bind with Al and/or Fe oxides and 

kaolinitic clays  

Mo Acid Mo compounds less soluble at pH<5.0 

B Acid Soluble and may leach from sandy soils 



Why Nutrient Availability is Affected by pH 

Nutrient Soil pH What happens. 

P Alkaline 
Phosphate forms insoluble complexes 

with Ca 

Fe, Mn, Cu, Zn Alkaline 
Convert to less soluble hydroxide and 

oxide forms 

B Alkaline Bound by clay colloids at higher pH 



www.fertilizer.org 

Factors affecting N 

dynamics in turf/soil 

systems 



Immobilization 
• Conversion of inorganic N  organic N 

         available           unavailable 

 

• Soil microbes are capable of rapidly immobilizing 
significant amounts of fertilizer N following  
fertilization of grass systems (Jackson et al., 1989; 
Kaye and Hart, 1997; Davidson et al., 1990) 

 

• Following rapid uptake of N, microbes gradually 
release some N back into the system over  
days or weeks 

 

• Microbes function as a temporary reservoir or  
‘storage pool’ for N following fertilization 



Mineralization 

• Microbial conversion of soil organic N  NH4
+  

                            unavailable    available 

• Required for release of plant-available N from soil organic 
matter as well as organic fertilizers  

• Natural organics  
(Milorganite, Nature Safe, Ringers, Sustain, etc.) 

• Ureaformaldehyde 

• Slow process, rate depends on: 
•  C:N ratio (10:1 to 20:1 is ideal range) 

•  Soil temperature (>55°F, but 75 to 95°F ideal) 

•  Soil moisture (adequate but not excessive) 

•  pH >4.5 

• Days (clippings) to hundreds of years (lignin) 



Nitrogen Release Rates 
 Soluble > Organic > Slow release 



As turfgrass sites age, the amount of N supplied 
to turf through mineralization of organic matter 
can become significant  

• Porter et al. (1980) sampled turf soils in age from 1 to 125 yrs  

• Soil organic N accumulation was rapid in yrs 0-10 

• After ~25 yrs, soil organic matter remained relatively 
constant, establishing ‘equilibrium’ 

 

• Conclusion: Net immobilization, or storage of N                               
dominates in young systems (0-25 yrs old), but net  
mineralization dominates in older systems  
(+25 yrs old) 

 

• Lee (2003) found that 1-3 lbs. N/ 1000 sq. ft. per year 
mineralized from golf course fairway in NC 

 



Once N is in a plant-available form (NO3
- or NH4

+) in soil 
solution, five major fates are possible: 

 

1. Plant uptake 

2. Volatilization 

3. Denitrification 

4. Leaching 

5. Runoff 



Plant N Uptake 
• Goal of an environmentally sensitive nutrient  

management program is maximizing plant uptake 
 

• Turfgrass plants are highly efficient at ‘filtering’, or  
taking up nitrogen, due to a dense, fibrous root system 
 

• Turfgrass systems are, by definition, managed under N deficiency 
• It’s been estimated that turfgrass has the capacity to take up between 5 to 10#N/M/month 

 

• Ex: A 15 cm deep cup-cutter size turf/soil sample contains roughly: 

• 122,000 roots 

• 61,000,000 root hairs 

• 74 kilometers of root hairs 

• Total root surface area of 2.6 sq. meters 

(Dittmer, 1938) 



For maximizing plant uptake, fertilizer N applications should 

coincide with the most favorable growth periods. 
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70% of N fall-applied 

30% of N winter & 
spring-applied 

60% of N  
summer-applied 

30% of N spring-
applied 

10% of N fall-
applied 

Cool-Season Grass 
Warm-Season Grass 



 
First Spring N Application:  Last spring frost +6 weeks 

Texas AgriLife Publication E-437 http://tcebookstore.org/ 



During the bermudagrass spring greenup period, plants primarily draw on internal rather than 

external N pools.  Also, a completely new root system replaces the old one many years. 

Wherley, 2008 



Last fall N application: 1st Autumn frost – 6 weeks 

Texas AgriLife Publication E-437 http://tcebookstore.org/ 



Based on the average first/last frost dates for LA 
-First N application: Anytime after April 20 
-Last N application:  No later than October 10  



Volatilization 

CO(NH2) + H2O         2NH3 + CO2  
urease 

urea Ammonia gas 

- Gaseous loss of ammonia 

- Favorable  conditions for volatilization include: 

 - High levels of urea and ammonium  

 - Warm temperatures  (50 to 77° F) 

 - Alkaline soil pH (>7.5) 

 - Dry soils 

 - Low CEC 

 - Thatch!!! 



• Urease   

• Enzyme present on leaves and in thatch that catalyzes reaction of urea to ammonia  

• Losses can occur following foliar feeding;  
i.e, leaf blade is moist from urea foliar app,  
followed by rapid drying 

• Volatilization can be greatly reduced by: 

• Providing immediate irrigation to move urea  
past thatch into soil 

• Using slow-release fertilizers 

• Avoiding fertilization to unirrigated areas 

• Not combining with lime applications 

• Good thatch management 

 

• Nelson (1980) reported 39% volatilization from sod  
with 5 cm thatch vs. 5% volatilization with no thatch-Why?? 



Volatilization from foliar-applied urea to creeping bentgrass & ultradwarf bermudagrass 

putting greens over 24 hrs following foliar application has been shown to be minimal  

(Stiegler, 2011) 
 0.35% of  applied N volatilized from creeping bentgrass (below) 

 2.55% of  applied N volatilized in bermudagrass 



Denitrification 

• Conversion of NO3
- to N2O, NO, or N2 gas by anaerobic microbes 

• Not substantial in most soils (5% or less), although  
Horgan reported up to 27%  

• Favorable conditions: 

• Excessive soil moisture (anaerobic, <2% oxygen) 

• High temperatures 

• High surface organic matter, algae, surface compaction 

• Fine-textured soils, poor drainage, ‘black layer’ 

• pH >5 

• When infrequent/ high N rate application approach is taken rather 
than spoon-feeding approach 

• This is why total annual N inputs required seem less under spoon feeding 
programs than under infrequent/ heavy application programs 

NO3
-  NO2

-  NO  N2O  N2 

Denitrification results in both an economic 
and environmental concern 



Magnitude of denitrification N loss in turf: 
 

- Mass balance studies traditionally have attributed unaccounted for N to 

denitrification 

 

- Bremer (2006) reported N2O losses of < 2% of applied N, most of which 

occurred within 2 to 3 days following application and at higher application 

rates 

 

- Horgan et al. (2002) found that following 1#N/M liquid fertilization to 

Kentucky bluegrass, denitrification losses were low, and occurred primarily 

after heavy rain events: 

 - N2:  2.1 to 7.3% of applied 

 - N2O:  0.4 to 3.9% of applied 



Leaching 

• Most important avenue of N loss 

• Movement of nutrients in soil solution past the  
root zone, posing groundwater concern 

• Nitrate (NO3
-) is water soluble, negatively  

charged anion 

• Soil is also negatively charged (CEC) 

• Leaching of NH4
+ is usually minimal 

• Leaching of NO3
- also minimal (<1 ppm) when 

BMPs are used 



N Leaching studies show that leaching potential 
depends on numerous factors: 

Higher Potential 

• Coarse soils (sands) 

• New establishment 

• Quickly available N sources  

• High application rates 

• Irrigation ≥ ET rate  

• Improperly timed N apps 

Lower Potential 

• Fine soils (silt/clay) 

• Established turf 

• Slowly available N sources 

• Low application rates 

• Irrigation ≤ ET rate 

• Properly timed N apps 



Nutrient Runoff 

• Runoff losses of nutrients from turf usually low 

• Most runoff emanates from impervious surfaces, or soils with low 
infiltration rates 

• Potential concerns: 
• New establishment 

• Heavy rainfall or irrigation following fertilizer application to fine-textured, 
compacted, saturated, or frozen soil 

• Sloped areas 

• Periodic movement of surface waters move across site 

• Phosphorus commonly the concern with sediment runoff  

 



Runoff Research Facility at Texas A&M 

• Constructed summer 2012 

• 24 Individually zoned plots of 
Raleigh St. Augustinegrass  

• Each plot is 13’x27’ in size 

• 3.5% slope  

• Each plot equipped with ISCO 
automated flow meters and 
autosamplers to collect and 
monitor runoff flows 

• Supported in large part through 
Scotts-Miracle Gro Company 

 



0x Fert / 45% ETo 0x Fert / 60% ETo 2x Fert / 30% ETo 2x Fert / 45% ETo 

2x Fert / 60% ETo 4x Fert / 30% ETo 4x Fert / 45% ETo 4x Fert / 60% ETo 









In summary, as golf course superintendents, we have the ability to 

exert a significant amount of control over nutrients in the systems we 

manage.  Although we can’t always control environmental conditions, 

through use of best management practices, we can make 

agronomically sound decisions that will result in greater nutrient use 

efficiency and retention and reduce environmental losses.    



Thank you! 


