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ABSTRACT 

 This research was designed to investigate fertilization’s effects on understory 

vegetation in conifer stands in the inland Northwest.  Results of this study are presented in 

three sections with these main objectives: 1) determine if fertilization increased annual 

production and nutrient concentration and contents in understory vegetation; 2) determine if 

multi-nutrient fertilization changed understory vegetation diversity in understory vegetation; 

3) create a model to estimate understory annual production in relation to overstory tree 

density as measured by basal area and multi-nutrient fertilization. 

 Experimental designs and statistical analyses differed between the three sections.  

Transects were established at sites located throughout the inland Northwest.  The transect 

was the sampling unit for this study.  Overstory density as measured by basal area and crown 

competition factor were assumed to be similar between treatments.  Annual production was 

estimated by use of the comparative yield method based on Haydock and Shaw (1975).  This 

part of the study consisted of four treatments; multi-nutrient, Nitrogen only, and Nitrogen + 

Potassium treatments, and control.  These estimates were used to determine if fertilization 

increased understory annual production and to predict understory annual production 

following multi-nutrient fertilization.  Analysis of variance and t-tests were used to determine 

if fertilization increased understory vegetation annual production.  However, overstory 

density on some sites differed between treatments and Analysis of Covariance was used.  

Non-linear regression was used to create a statistical model to predict understory vegetation 

annual production following multi-nutrient fertilization. Nutrient analysis was conducted  

on vegetation clipped in the comparative yield method plots as well as additional vegetation 

collected along the transects.  Only vegetation in the multi-nutrient fertilized units was  
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analyzed by use of t-tests.  Percent cover data on understory vegetation was used to 

determine if fertilization changed diversity.  T-tests and Analysis of Covariace (if overstory 

density differed between treatments) were used to determine if diversity changed.  

 Results of this study show that fertilization can change understory vegetation 

dynamics.  The statistical model created to predict understory vegetation annual production 

explained variation while still being field practical.  Fertilization produced variable results to 

increase understory vegetation annual production, diversity, and to change nutrient 

concentrations.  This study showed that several factors may influence understory vegetation 

response to fertilization such as overstory tree density, overstory tree species, and present 

understory species composition. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 



 v
ACKNOWLEDGEMENTS 

 This thesis has been improved by the assistance and support of numerous people.  I 

would like to thank my major professor, Dr. Jim Moore.  He has provided me with a lot of 

insight, help, time, and patience.  Thanks Jim.  I would also like to thank Dr. Jim Kingery.  

His help with various aspects of this study has saved a lot of time and made this study better.  

I also would like to thank Dr. Dave Adams.  The time that he spent on this thesis has bettered 

it. 

 I would also like to thank Dr. John Mandzak, Dr. Dean Stuck, and Harold Osborne 

for funding and help in various ways on this project.  This research was funded by the forest 

industries Boise Cascade and Potlatch, and the University of Idaho Experimental Forest 

through the Intermountain Forest Tree Nutrition Cooperative (IFTNC).   

 I would also like to thank fellow IFTNC’s Dr. Roberto Avila, Mariann Garrison, 

Peter Mika, and Terry Shaw for their help and time on this project.  A thank you also goes to 

Nancy Hoobler, Janice Siegford, Molly Puchlerz and Lara Smith for help with grinding 

vegetation and Kim Bynum and Sharaam Yassemi for help in the field.  I would like to thank 

the foresters who helped in various ways, Roy Garten, Eric Keller, and David Sparks from 

Boise Cascade and Roy Rains and Shayne Watkins from Potlatch.  Several Forest Service 

Ranger Stations and Natural Resource Conservation Service stations have helped with 

species identification.  I would also like to thank all my friends not mentioned above for their 

time and help on this project.  Finally, I would like thank my parents, Lee and Judith 

VanderSchaaf, and my brother Brian VanderSchaaf for their support and time and to God for 

providing me with patience.  Thank you to all.  I have learned a lot.  Oh ya by the way, “It 

has been a good run.” 

 



 vi
TABLE OF CONTENTS 

 
             Page 

 
ABSTRACT…………………………………………………………………………………iii 

 
ACKNOWLEDGEMENTS…………………………………………………………………v 

 
TABLE OF CONTENTS…………………………………………………………………...vi 

 
LIST OF TABLES…………………………………………………………..………………ix 

 
LIST OF FIGURES…………………………………………………………………………xi 

 
 

SECTION I…………………………………………………………………………………...1 
 

INTRODUCTION…………………………………………………………………………...2 
 Overview……………………………………………………………………………...2 
 Problem Statement…………………………………………………………………...7 
 Background………………………………………………………….……………….8 
 Methodology………………………………………………………………………….9 
 Thesis Organization………………………………………………………………...10 

 
SECTION II………………………………………………………………….……………..12 

 
RESPONSE OF UNDERSTORY VEGETATION ANNUAL PRODUCTION AND 
NUTRIENT CONCENTRATIONS TO FERTILIZATION IN THE INLAND 
NORTHWEST……………………………………………………………………………...13 

 
 Abstract……………………………………………………………………………...13 
 Introduction…………………………………………………………………………13 
    Literature Review………………………………………………………………...14 
        Understory Growth Response…………………………………………………14 
        Overstory Density Effects……………………………………………………...16 
        Understory Vegetation Nutrition……………………………………………...17 

Methods……………………………………………………………………………...20 
    Site Description…………………………………………………………………...20 
    Site Layout………………………………………………………………………...21 
    Treatments………………………………………………………………………...25 
    Vegetation Measurements………………………………………….…………….26 
    Chemical Analysis………………………………………………………………...28 
    Statistical Analysis………………………………………………………………..29 

  
 



 vii
SECTION II (cont.) 

Results……………………………………………………………………………….30 
    Annual Production………………………………………………………………..30 
    Macronutrient Concentration……………………………………….…………...31
 Discussion…………………………………………………………………………...39 
    Nutrient concentrations…………………………………………………………..55 

Recommendations…………………………………………………………………..69 
Conclusions………………………………………………………………………….70 

 Literature Cited…………………………………………………………………….71 
 

SECTION III………………………………………………………………………………..78 
  

PREDICTING UNDERSTORY VEGETATION RESPONSE TO MULTI-NUTRIENT 
FERTILIZATION IN THE INLAND NORTHWEST…………………………………..79 

 
 Abstract……………………………………………………………………………...79 
 Introduction…………………………………………………………………………79 
    Literature Review………………………………………………………………...80 
        Understory Growth Response…………………………………………………80 
        Overstory Density Effects……………………………………………………...82 
 Methods……………………………………………………………………………...84 
    Site Description…………………………………………………………………...84 
    Site Layout………………………………………………………………………...84 
    Treatments………………………………………………………………………...85 
    Vegetation Measurements………………………………………………………..88 

    Statistical Analysis………………………………………………………………90 
 Results…………………………………………………………………….…………91 
 Discussion…………………………………………………………………………...95 
 Conclusions………………………………………………………………………...100 
 Literature Cited………………………………………………………….………..101 

 
SECTION IV………………………………………………………………………………106 

THE EFFECT OF MULTI-NUTRIENT FERTILIZATION ON UNDERSTORY 
PLANT DIVERSITY……………………………………………………………………...107 

 
 Abstract…………………………………………………………………………….107 
 Introduction………………………………………………………………………..107 
 Methods…………………………………………………………………………….109 
    Site Description………………………………………………………………….109 
    Site Layout……………………………………………………………………….109 
    Treatments……………………………………………………………………….109 
    Understory Measurements……………………………………………………...112 
    Percent Cover and Vertical Layering………………………………………….113 
    Species Diversity Measures……………………………………………………..114 

  
 



 viii
SECTION IV (cont.) 

   Statistical Analysis………………………………………………………………114 
 Results……………………………………………………………………………...115 
 Discussion………………………………………………………………………….119 
    Combined Lifeform Analysis…………………………………………………...120 
        Diversity Increases……………………………………………………………120 
        Diversity Decreases…………………………………………………………...121 
    Shrub Lifeform Analysis………………………………………………………..123 
        Diversity Increases……………………………………………………………123 
        Diversity Decreases…………………………………………………………...123 
    Forb Lifeform Analysis…………………………………………………………124 
        Diversity Increases……………………………………………………………124 
        Diversity Decreases…………………………………………………………...124 
    Grass Lifeform Analysis………………………………………………………...129 
        Diversity Increases……………………………………………………………129 
        Diversity Decreases…………………………………………………………...129 
    No Changes in diversity…………………………………………………………130 
 Conclusions………………………………………………………………………...133 
 Literature Cited…………………………………………………………………...134 

 
SECTION V………………………………………………………………………………..137 

 
CONCLUSIONS…………………………………………………………………………..138 

 
LITERATURE CITED…………………………………………………………………...140 

 
APPENDIX A 
 Statistical Analysis Documentation………………………………………………148 

   Statistical Analysis Explanation……………………………………………….149 
Multiple Regression – Section III………………………………………………150 

    Annual Production t-test – Section II…………….……………………………151 
    Annual Production Analysis of Covariance – Section II……………………...152 
    Diversity t-test – Section IV…………………………………………………….153 
    Diversity Analysis of Covariance – Section IV………………………………...154 
    Nutrient concentration t-test – Section II……………………………………...155 

 
APPENDIX B 
 Nutrient concentration analysis for nutrients not discussed in the text……….156 

 
 
 
 
 
 
 
 
 



 ix
LIST OF TABLES 

 
 

               Page 
 

SECTION II 
 

Table 1. Slope, Aspect, Elevation, and Parent Material for five 
  study sites located in the inland Northwest……………………………….22 

 
Table 2. Major overstory species, vegetation series, habitat type,  
  application time, basal area………………………………………………..23 

 
Table 3. Precipitation amounts for 1996, 1997, and 1998 growing  

seasons in inches…………………………………………………………….24 
 

Table 4. Nutritive concentrations in composited lifeforms………………………...35 
 

Table 5. Nutritive contents of all lifeforms composited…………………………….38 
 

Table 6. Percent cover values for dominant species for both sampling 
  periods by treatment and year……………………………………………..41 

 
Table 7. Annual production of understory vegetation to multi-nutrient 
  fertilization under different overstory species at Goldendale……………53 

 
Table 8. Ratio of calcium to phosphorus for wildlife habitat and  

rangeland quality assessment……………………………………….……..65 
 

Table 9. Estimates of crude protein based on an equation………………………...66 
 
 

SECTION III 
 

Table 1. Slope, Aspect, Elevation, and Parent Material for five 
  study sites located in the inland Northwest……………………………….86 

 
Table 2. Major overstory species, vegetation series, habitat type,  
  application time, basal area………………………………………………..87 

 
Table 3. Standard error of the mean, and mean of dependent  

variables……………………………………………………………………..93 
 

Table 4. Overall model significance, Y-intercept, ln(basal area),  
  treatment, basal area*treatment interaction……………………………...94 

 
 



 x
SECTION III (cont.) 

 
Table 5. Average percent cover of lifeforms for study sites in the inland 
  Northwest for 1998………………………………………………………….97 

  
Table 6. Response at different basal areas due to multi-nutrient 
  fertilization for understory annual production…………………………...98 

 
 

SECTION IV 
 

Table 1. Slope, Aspect, Elevation, and Parent Material for five 
  study sites located in the inland Northwest……………………………...110 

 
Table 2. Major overstory species, vegetation series, habitat type,  
  application time, basal area…………………………………….………...111 

 
Table 3. Simpson’s and Shannon-Weiner diversity indices means………………116 

 
Table 4. Percent cover values for dominant species for both sampling 
  periods by treatment and year……………………………………………125 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 xi
LIST OF FIGURES 

 
 

         Page 
 
SECTION II 

 
Figure 1. Annual production of understory vegetation-1997……………………….33 

 
Figure 2. Annual production of understory vegetation-1998……………………….34 

 
SECTION III 

 
Figure 1. Plots of annual production over basal area…………………….…………92 
 


	Operational fertilization effects on under-story vegetation
	May 1999

	Major Professor _______________________  Date________
	Committee Members  _______________________  Date________
	_______________________  Date________
	ABSTRACT
	ACKNOWLEDGEMENTS

	Page
	ABSTRACT…………………………………………………………………………………iii
	ACKNOWLEDGEMENTS…………………………………………………………………v
	Abstract……………………………………………………………………………...13



	PREDICTING UNDERSTORY VEGETATION RESPONSE TO MULTI-NUTRIENT
	FERTILIZATION IN THE INLAND NORTHWEST…………………………………..79
	Discussion…………………………………………………………………………...95

	SECTION IV………………………………………………………………………………106
	APPENDIX A
	Statistical Analysis Explanation……………………………………………….149
	APPENDIX B

	LIST OF TABLES
	Page
	SECTION II
	SECTION IV

	LIST OF FIGURES
	Page
	SECTION II
	SECTION III



