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1) Early Work 
Pre-RFNRP 

1950’s through 1960’s 
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Shelton-Carson Lake study. Each treatment 2 reps 
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Shelton-Matlock study. Each treatment 2 reps 



Percent 
volume 
response 

N rate (lb N/acre) 

N100 

N52-P12-K220 

N300 
N100 

N200-P88-S154 
N200-P88-S168+ 

N200 
N52-P12-K220 





 Conclusions of early studies 
 

1) “Nitrogen application evoked a growth response 
throughout a range of growing conditions. 
Magnitude of response is related to amount of 
nitrogen applied and response is still evident in 
1975 from a 1962 application”. 
 

2) “Apparent response to the application of other 
elements is quite variable and no consistent picture 
emerges. There is no evidence of an economic 
response to the other elements”.  



RFNRP 
1969-pres. 





Installations of the PNW Stand  
Management Cooperative 



RFNRP Installations 



RFNRP Installations 





Overall results of SMC studies Response vs. N rate. Sidell thesis.  
 

(1) 



SMC “Carryover” Study 
 
- long-term impacts of previous N fertilization 
on future stand growth 
- N applications made up to 20 years 
previously 
 
 









SMC carryover study results 5-7 years of growth 



SMC (1991+) 
No multi-element additions. SMC 

Type II, III and IV no fertilizer 
work at all 



SMC Type I Installations 
-plantations with initial stocking 300-680 spa 
-Respace (PCT) before onset of competition 
 

-7 core treatments (basic 7) 
ISPA, ISPA/2, ISPA/4,  
ISPA and ISPA/2 min thin 
ISPA repeated thin 
ISPA heavy thin 
 
2-8 plots for other work, including fertilization 
 
Eric Sucre did his M.S. on 7 fertilized sites 



Location of SMC Type 1 Fertilized Research Installations 



Soil & Site Properties Examined 

• Climatic data 
• Elevation 
• % Slope 
• Relative Density (RD) 
• Quadratic Mean Diameter (QMD) 
• Site Index (SI) 
• bulk density (Db)  
• pH  
• C:N ratio  
• cation exchange capacity (CEC)* 
• Inorganic nitrogen (NO3

- and NH4
+)* 

 
 *Mineral Soil only 



Total volume and 4-year PAI relative response for each treatment regime at the 
respected treatment intervals (224 kg ha-1 of N as urea every 4 years).  Standard 
errors are shown. 



Multiple regression equations for the relationships between the unstandardized residuals of 
total volume (m3 ha-1) and 4-year PAI (m3 ha-1 yr-1)  response to 224 kg N ha-1 as urea 
(dependent variables) and various soil, site and stand variables (independent variables). 



 Results of SMC studies 
too few sites (7) for broad generalizations 

 
1) Response to N is site and stand controlled. Indicates 

need to couple fertilization with other silvicultural 
treatments, particularly stocking, and use RD or 
other stand properties to drive time of fertilization.  



SMC Type V Installations 
- paired-tree fertilization studies 
- good stocking and 15-20 years old 
- designed to determine responders from non-
responders, but not necessarily yield 
 
 



Paired-tree installations in the 
Pacific Northwest.  Soil parent 
materials are glacial, sedimentary, 
and igneous.  Regions are British 
Columbia (BC), Washington (WA), 
and Oregon (OR). 



Soil Nitrogen to 1 Meter 

Center for Advanced Forestry Systems 2010 
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Figure 3B. Clay content (%) data (circles) 
and predictor criteria (shaded areas). 

Basal Area MAI (27%)  
(<23 cm2/year)  

April Temperature (19%) 
(<8.5°C)  

May Precipitation (14%) (>100 mm)  

Forest Floor C:N Ratio (19%) (>35) Under-canopy Growing  
Degree Days (19%) 
(>1400 degree days) 

February Precipitation (14%) 
(<125 mm or >200 mm)  
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Figure 5. Boosted regression tree partial 
dependence plot model and predictor criteria for 
fertilizer volume response. 



Model Criteria Mean Fertilizer 
Response (%) 

Standard 
Error Sig. p-value 

Low 3.5 1.4 a 

<0.001 Medium 10.7 2.0 b 

High 23.4 3.6 c 

Table 1.  Fertilizer volume response 
according to three levels of model criteria: 
Low (<33%), Medium (33-66%), and High 
(>66%). 



US$40 million to Univ. Washington 
US$40 million to Washington State U 





biofuels 

CO 2 



Paired-tree installations in the 
Pacific Northwest.  Soil parent 
materials are glacial, sedimentary, 
and igneous.  Regions are British 
Columbia (BC), Washington (WA), 
and Oregon (OR). 





Analysis of Sustainability 

• Evans (1999) Stability Ratio 
– The ratio of the quantity of a particular 

nutrient removed at harvest compared to site 
nutrient stores of that nutrient 
• <0.1=low risk 
• >0.3=depletion and loss of productivity likely in the 

future 
• >0.5=immediate depletion and loss of productivity 



Example Analysis:  Fall River LTSP Nutrient  
Risk Ratings for N loss from Harvest 

Source for risk rating: Evans, J. 1999 Sustainability of plantation forestry: impact of species change and successive rotations of pine in the Usutu 
Forest, Swaziland. Southern Africa Forestry Journal 184: 63–70. 





Fall River 
LTSP 



Results Regionalized 
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energy 



Next Steps for Sustainability Evaluation 

• what about other nutrients? 
• can site or easy-to-measure factors predict 

N depletion with additional biomass 
removal? 

• what is the true ecosystem pool available to 
replace additional removals?  

 
 
 





FIA samples to here 

EU samples to here 

141% more N 

200% more N 

245% more N 



Challenges: 
 



Thanks to PNW Stand Management 
Cooperative (26 members), Northwest 
Advanced Renewables Alliance 
(NARA) National Council for Air and 
Stream Improvement (NCASI), 
USFS/DOE Agenda 2020, NSF Center 
for Advanced Forest Systems, Univ. 
Washington Kreuter/Gessel 
Scholarships. These are affiliate sites 
of the USFS long-term soil prod. 
network.   
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