
Interpreting Soil Test Results to Plan 
Your Tree Fertilization Program 

Larry Kuhns 

Kuhns Tree Farm 

Professor emeritus, Penn State 



KUHNS TREE FARM 
About 45 Acres of Trees 



KUHNS TREE FARM 

WHOLESALE RETAIL 



Factors That Affect a Tree’s  
Response to a Fertilizer Application 

• Current pH and nutrient levels – Soil Test 

• Nutrient balance – primarily Ca : Mg : K 

• Soil type – Sandy vs Clay-based soils 

• Incorporation of lime and fertilizer (esp. P) 

• Timing of application – Cyclical Root Growth? 

• Weather - Temperature / Rainfall 

 



Soil Testing 

• Soil probe, trowel 
• Min. (10) ¾” dia. cores 
• 6” deep 
• Randomly taken 

 

• Mix into bucket 

• Air dry over night 

• Take composite 
sample for testing 





pH - Explanation 

pH = Negative log of the Hydrogen Ion Concentration 

What does that mean??? 

 

Decrease of 1 pH unit (pH 6 to 5) = 10X increase in H+ 

 

pH 7 is neutral. Lower is acid, Higher is basic 

 

 



The importance of pH is: It determines the availability 
of all of the plant nutrients (solubility/form) 

 



 

Fraser, Balsam, Canaan, White Pine 

Native to the east, where pH tends to be low (acid) 

  

Douglas fir, White fir, Colo. spruce 

Native to the west, where pH tends to be high  

   

 

 

 



There are different opinions on what the 
optimum pH is for different Christmas tree 
species.  It comes down to which expert do 
you want to believe. 

 



Rutgers, NJ acid loving:   5.2-5.8 
    non-acid loving:  6.2-6.8 
 
Oregon Fr Fir & Can Fir   5.3-6.0  
   Doug & Con Fir   5.5-6.5+ 
 
North Carolina Fraser Fir    5.0-5.5 
 
Spectrum Analysis Fras & Can 5.5-6.0 
 
Canada        5.4-5.8 
 
Larry, for all trees      5.5-6.5 

 



I like to start all of my trees in the higher end of 
the range of 5.5 to 6.5 

 

Christmas trees have around a 10 year production cycle. 
During this time, pH naturally decreases. 

 

 *Rainfall leaches nutrients from the field 

 *The trees absorb nutrients from the field 

 *Additions of nitrogen add H ions to the soil, which 
lowers pH 

 



% N, lbs needed to provide 100 lbs of Nitrogen, and 
amount of lime needed to neutralize the N added 

Nitrogen Source    % N  CaCO3 Equivalent   
         per ton of fert. 
 

Urea       46 (200)  1680 
 
Ammonium Nitrate   34 (300)  1180 pounds 
 

Diammonium phosphate   18 (500)  1480 
 
Ammonium Sulfate   21 (500)  2240 
 
 



ANY QUESTIONS ON PH? 



CEC – CATION EXCHANGE CAPACITY 

CATIONS have a positive charge 

ANIONS have a negative charge 

 

Soil particles have negative charges on their 
surface.  The negative charges will hold 
cations.  The number of negative charges a soil has 
determines the number of cations that it can hold.  
This is the CEC of the soil.  Clay soils have high CEC’s 
(8-12) and sandy or shaly soils have lower CEC’s (4-
6). 

 



CEC – CATION EXCHANGE CAPACITY 

The CEC = the total of the Exchangeable Cations 

The CEC of the soil is almost completely filled 
with H, K, Mg, and Ca 

 

H and K have a single positive charge (+). 

 

Ca and Mg have a double positive charge (++).  
They are held tighter onto the CEC than H or K 

 



pH – General Rule 
 

 It is easy to raise pH  

 -The chemical reaction with lime is simple 

 - Ca++ and Mg++ replace H+ 

 

 It is difficult to lower pH 

 -The chemical reaction with sulfur involves 
bacteria and is complex 

  - H+ must replace Ca++ and Mg++ 

  



How does soil texture impact fertilization 
practices? 

• Sandy soils - Low CEC, leaches readily 

– Will require lighter and more frequent applications of 
fertilizer 

 

• Clay soils - High CEC, limited leaching 

 

 



BASE SATURATION 

H is considered to be acid 

 

K, Mg, and Ca are considered to be bases 

 

Base saturation = the % of the CEC that is 
occupied by the bases (K, Mg, Ca) 

 



BASE SATURATION 

Plants need more Ca than Mg, and more Mg 
than K 

 
The relative amounts of the Ca, Mg, and K in 

the soil are more important than the actual 
amounts, because they are absorbed in 
similar ways by plants. 

 
Suggested: Calcium around 50% of the CEC 
                   6 - 8 to 1 Ca : Mg 
                   2 - 3 to 1 Mg : K 
 



PHOSPHORUS  

Penn State P recommendations are based on a target 
amount of 150 to 200 lbs/A for Christmas trees. 

NC State is in the same range 

Canada recommends 100 – 150 kg/ha 

Spectrum Analytical – 80-120 lbs for Christmas trees 

A & L Labs has a target amount of about 25 ppm, 
which equal about 50 lbs/A.  Virginia is the same. 



Factors Affecting the Absorption of Phosphorus 

• Phosphorus Storehouse in the Soil 

 

• Mycorrhizae 

 

• Relatively high amounts of phosphorus in the 
soil don’t seem to harm trees 







CEC / Base Saturation / pH / Ca : Mg : K 
Add N and P and Mg / No lime or K 





Soil Texture 



How does soil texture impact fertilization 
practices? 

• Sandy soils - Low CEC, leaches readily 

– Will require lighter and more frequent applications of 
fertilizer 

 

• Clay soils - High CEC, limited leaching 

 

 



Nutrient Holding Capacity 

Cation Exchange Capicity (CEC): 

The transfer of cations to and from 

 the soil surface 

Nutrient Uptake 

Surface area =  Capacity 



Timing 
• Plant growth cycles 

– Plants with one flush of growth (determinant)  

• Colorado spruce 

– Plants with multiple growth flush (indeterminant) 

• Offers an opportunity in the nursery for increased rates and 
applications throughout the year 

• Fall application vs. Spring application 

– Fall   NH4+ preferred over NO3- 

– Cations are held tighter to the soil and through winter 

– Anions are not held and flush readily with soil 
temperature and moisture in the soil 



Timing of application in the landscape 
• If needed, an annual app of N is sufficient in most soils 

 
• Response to fertilization is greatest when moisture levels 

are high 
 

• Utilization may not occur until growth begins in late 
winter/early spring 
 

• Research shows that: early shoot growth depends almost 
entirely on the level of dormant stored nutrients, before 
significant uptake occurs from the soil 
 

• A slow release nitrogen fertilizer in the late summer/fall 
will allow nitrogen to be available for spring growth. 
 
 
 



Current pH and nutrient levels 

• Fertilization should be based on knowledge 

– Soil testing and foliar analysis 

– Understanding that nutrient balance will 
impact the growth and health of plants  

 

• Know the plants on the site and the pH that 
they prefer 



Soil Test 
• Requirements: 

– Name your crop 

• Results 

– Soil pH 

– Phosphorus 

– Potassium 

– Magnesium 

– Calcium 

– CEC 

• Recommendations 

– Liming or sulfur recs 

– General fertilizer recs 

 



Nutrient Balance 

– N  K 

– P  Zn 

– K  N,Ca,Mg 

– Na  K,Ca,Mg 

– Ca  Mg,B 

– Mg  Ca 

– Fe  Mn 

– Mn  Fe 

 

Common Antagonisms and Interactions 



How does soil texture impact fertilization 
practices? 

• Sandy soils - Low CEC, leaches readily 

– Will require lighter and more frequent applications of 
fertilizer 

 

• Clay soils - High CEC, limited leaching 

 

 



Placement (continued) 

• Foliar  

– For testing for deficiencies and as a temporary 
application of a minor element 

• Trunk injection (Implants/microinjection) 

– When absolutely necessary 

– Restricted root zone situations 

– Soil-induced problems (Fe, Mn) 

– Tree injury an issue 

• Drip line application? 

 



General Rates 
• At planting- 

– In the nursery 

• 10 lbs. of 5-10-5/cubic yard 

• Established plants- 

– Soil test and amend as directed 

• Keep in mind pH and nutrient balance 

– 1 – 6 lbs. of Nitrogen/1000 ft2  

– 40 – 250 lbs. of N/Acre 

• Adjust the rate to fit the site 

– Open lawn vs. 4’ square planting 



Soil Testing I – Interpreting the 

Soil Test Report 

 
Larry J. Kuhns 

Dept. of Horticulture 

Penn State University 



 
 

SEVEN SITES 

 

• Carbon County – 2 

 

• Centre County – 2 

 

• Indiana County – 2 

 

• Huntington County - 1 

THREE LABS 

 

• Penn State 

 

• North Carolina State 

 

• A & L – Fort Wayne, IN 



Penn State Lab Results 
What is Included? 

• pH 

• P (lb/A) 

• Exchangeable Cations 

 -Acidity 

 -K (Potassium) 

 -Mg (Magnesium) 

 -Ca (Calcium) 

 

• CEC – Cation Exchange 
Capacity 

• % Saturation of the CEC 

 -K 

 -Mg 

 -Ca 



pH - Explanations 

pH = Negative log of the Hydrogen Ion Concentration 

Decrease of 1 pH unit (pH 6 to 5) = 10X increase in H 

Huh??? 

 

Low pH is acid, High pH is basic 

 

What is the importance of pH? 

 It determines the availability of all of the plant nutrients 
(solubility/form) 

 



pH - Explanations 

There are different opinions on what the optimum pH is 
for different plant species.   

 

Most Christmas tree species will grow OK in the range of 
5.0 to 6.5 

 

General rule:   

 It is easy to raise pH; it is difficult to lower it 



CEC – CATION EXCHANGE CAPACITY 

CATIONS have a positive charge 

ANIONS have a negative charge 

 

Soil particles have negative charges on their 
surface.  The negative charges will hold 
cations.  The number of negative charges a soil has 
determines the number of cations that it can hold.  
This is the CEC of the soil.  Clay soils have high CEC’s 
and sandy or shaly soils have lower CEC’s. 

 



CEC – CATION EXCHANGE CAPACITY 

The CEC of the soil is almost completely filled 
with H, K, Mg, and Ca 

The CEC = the total of the Exchangeable Cations 

 

H and K have a single positive charge. 

 

Ca and Mg have a double positive charge.  They 
are held tighter onto the CEC than H or K 

 



BASE SATURATION 

H is considered to be acid 

 

K, Mg, and Ca are considered to be bases 

 

Base saturation = the % of the CEC that is 
occupied by the bases (K, Mg, Ca) 

 



BASE SATURATION 

Plants need more Ca than Mg, and more Mg 
than K 

 

The relative amounts of the Ca, Mg, and K in 
the soil are more important than the actual 
amounts 

 

Suggested: Calcium around 50% of the CEC 

                   6-8 to 1 Ca:Mg 

                   2-3 to 1 Mg:K 
 



PHOSPHORUS 

Penn State P recommendations are base on a target 
amount of 150 to 200 lbs/A 

NC State is in the same range 

 

For agronomic crops (corn, soybeans) Penn State has a 
target of around 50 lbs/A 

 

A & L Labs has a target amount of about 25 ppm, 
which equal about 50 lbs/A 



A&L Labs 

Report K, Mg, Ca, and P in parts per million (ppm) 
instead of meq/100g            (So what?) 

 For P, ppm X 2 = lbs/A 

 

K, Mg, and Ca are also reported in % base saturation of 
the CEC 



North Carolina State 

Reports Mg and Ca as % base saturation of the CEC 

 

Reports K and P as indexes: 

 0-10 = Very Low 

 11-25 = Low 

 26-50 = Medium 

 51-100 = High 

 100+ = Very High 



North Carolina State 

Other characteristics measured: 

 % Humic Acid (a measure of organic matter) 

 

 Weight:Volume (W/V) 

 

 Exchangeable acidity (Ac) in meq/100g 

 

 Mn, Zn, Cu, S, NH4 indexes 

 





Nutrient Balance 

– Mg : K  -  2-3 : 1 

 

– Ca : Mg – 6-8 : 1 

 



CEC / Base Saturation / pH / Ca : Mg : K 
Add N / dolomitic lime / P (P2O5) 



CEC / Base Saturation / pH / Ca : Mg : K 
Add N / No lime / P and K 



CEC / Base Saturation / pH / Ca : Mg : K 
Add N / No lime or P / K ??? 






























