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1 Introduction 
B.A. Blackwell & Associates Ltd. was contracted by West Fraser Mills Ltd. to conduct foliar 

screening trials on young spruce (Picea glauca x engelmannii) (Sx) plantations on TFL 52 near 

Quesnel, British Columbia (BC). The site selected for the trial was fertilized in 2005. The 

objective of the current screening trial is to gather data to determine if re-fertilization of stands 

is supported by foliar micro- and macronutrient concentrations six years after the initial 

fertilization.  

Research in BC and elsewhere in the world has shown that repeated fertilization of Sx can result 

in significant increases in growth and volume (Brockley 2004, 2010, Bergh et al. 2005). 

Determining if the nutritional status of previously fertilized stands can be improved by future 

applications is important to guide fertilization planning for young Sx leading plantations to 

alleviate mid-term timber supply issues. Samples were analyzed for foliar concentrations of 

nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), zinc 

(Zn), iron (Fe), manganese (Mn), boron (B), total sulfur (S) and inorganic sulfate (SO4). 

2 Methods 
Study Area and Site Description 

The study area is located 45 km east of Quesnel, BC (Map 1), 20 km down the 13A Road which 

comes off the 1300 Road in TFL 52. The site was previously fertilized in 2005 as part of West 

Fraser’s operational fertilization program with 200 kg N/ha. 

Transects were established in the fertilized area which is located in the SBSwk1 (Willow Wet 

Cool Sub-Boreal Spruce biogeoclimatic unit) (Map 2). The climate in the SBSwk1 is cool (annual 

temperature of 2.6o C), wet (annual precipitation of 931 mm), and has relatively high snowfall 

(Delong 2003). Transects were located on 01 (Sxw - Oak Fern) zonal sites. Trees growing on 

micro sites that were not zonal were rejected to reduce site differences related to soil moisture 

and nutrients and other characteristics. Transects were located on sites that were generally 

mesic to subhygric and had nutrient regimes from medium to medium rich. The three transects 

had been broadcast burned. Tree ages on transects were between 14 to 19 years at breast height. 

Transect locations were preferred that were flat to gently sloping with slopes below 30%.  
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Map 1. Overview of the fertilizer screening trial location east of Quesnel. 

 

Map 2. Locations of the foliar screening transects (individual tree locations are shown). 
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Ecosystem information was collected at each transect including:  

 soil moisture regime,  

 soil nutrient regime,  

 site index, age, height, dbh (on representative trees), 

 forest health issues, 

 site history, and  

 stand origin.  

 

Sampling Methods 

Three transects were established. Each transect was established perpendicular to the contours 

and where possible transects were located 200 m apart. Sites were avoided where road dust or 

other contaminants could affect sample analysis results. In total, 20 trees were sampled on each 

transect; sampled trees were spaced approximately 5-10 m from each other. Sampling was 

avoided where stand or ecological characteristics were too variable and could introduce error. 

Trees with clear health problems were avoided. Each tree was flagged, numbered with blue 

paint, and GPS’ed for future reference Samples were collected from the current year’s foliage in 

dominant or codominant trees between the upper ½ of the tree and below the top ¼. Two 

branch-ends per tree were collected consisting of the current year’s terminal and one or two first 

order laterals by shooting down branches with a gun. These were put in separate paper bags 

and labelled with transect and tree number. Individual foliage samples were kept cool (1-5 oC) 

until drying and processing was undertaken. 

Sample Preparation 

Composite samples from current year’s growth were prepared for each transect and were 

comprised of 4 grams of mixed fresh foliage from each tree (2 g/branch) for a total of 80 g for all 

20 trees. The samples were sent to Pacific Soil Analysis, #5-11720 Voyageur Way, Richmond, BC 

to be oven-dried and for nutrient analysis. 
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3 Results and Discussion 
Foliar Analysis 

The objective of this foliar nutrient screening trial is to identify the current foliar nutrient 

concentrations and make recommendations on the future operational fertilization of similar 

stands. Identifying species and sites that are suitable fertilization candidates is critical given the 

short- and mid-term timber supply issues. 

Research on Sx trees that have received multiple applications of fertilizer support the theory 

that positive trends in growth can be realized. Brockley (2010) reported on the results of Sx 

nutrition and growth in the interior of BC. The study compared five fertilizer mixes and 

application rates that occurred once per year or every six years over a 12 year period. The once 

per year applications of fertilizer mixes included ON₁ (fertilized yearly to maintain a foliar N 

concentration at 1.3% and other nutrients in balance with foliar N) and ON2 (fertilized yearly to 

maintain a foliar N concentration at 1.6% and other nutrients in balance with foliar N). ON1 and 

ON2 applications resulted in volume increases of 192% and 277% respectively. Other treatments 

in this study consisted of fertilization every six years with a mix of NB (200N, and 1.5B kg/ha) 

and NSB (200N, 50S, 1.5B). Over a twelve year period, volume increased 75% and 128%, 

respectively. When a complete mix of N, P, K, S, Mg, and B (200N, 100P, 100K, 50S, 25Mg, 1.5B) 

was used every six years, an increase in volume of 121% over a twelve year period was 

measured. Height responses ranged from 13% (NB), 21% (NSB), 12% (complete), 18% (ON1), 

and 25% (ON2). A study in Sweden found similar trends. Annual applications of complete 

fertilizer mixes over a 15-20 year period resulted in an increase in volume of 255% over controls 

(Bergh et al. 2005). 

All foliar nutrient interpretation classes are from New Tools for Interpreting Foliar Nutrient 

Status (Brockley 2012) (Appendix A). Based on inter-laboratory comparisons between the 

Ministry of Environment (MoE) laboratory (Victoria, BC) and the Pacific Soil Analysis Inc. 

(PSAI) laboratory (Richmond, BC) completed by Brockley, foliar nutrient data was normalized 

using Brockley’s Excel conversion table. Foliar analysis data is show in Appendix B. Pre- and 

post- normalization foliar nutrient concentrations are shown in Appendix B. The following 

sections will discuss the key nutrients and ratios used in diagnosing deficiencies and inducible 

deficiencies.  

N, P, Ca, Mg, K, and S 

N concentrations were slightly to moderately deficient 1.10-1.30% for interior Sx. The average N 

concentration for all transects was 1.22% (Table 1).  
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Table 1. Foliar nutrient status and average foliar macro-nutrient concentrations for N, P, Ca, Mg, K, 

and S. 

Nutrient Average%  Status 

N 1.22 Slightly to moderately deficient 

P 0.166 Adequate 

Ca 0.235 Adequate 

Mg 0.110 Adequate 

K 0.77 Adequate 

S 0.088 Slightly to moderately deficient 

 

Foliar N concentrations between 0.9 to 1.17% are commonly reported (Brockley and Simpson 

2004, Wang and Klinka 1997). The foliar N concentration of 1.22% measured in this study is 

relatively high; however, the new interpretative criteria developed by Brockley (2012) indicate 

that all transects have a slight to moderate deficiency.    

The operational fertilization in 2005 may be the cause of the high N foliar concentrations found 

in this study; however the effects on foliar N do not generally persist beyond 6 years (Brockley, 

pers. comm. 2012). In 2006, following fertilization, foliar N along transect 15 was 1.69% and has 

decreased to the current concentration of 1.22%. Unfortunately, no baseline data exists to 

compare pre-and post fertilization concentrations. Based on research showing improved growth 

response to multiple fertilization applications and the slight to moderate deficiency measured in 

this study, a positive response to fertilization in terms of foliar N concentration and tree growth 

should be realized. When foliar N concentrations in Sx are below 1.1%, it has been found that 

this can be used as an indicator of basal area response to fertilization (Swift and Brockley 1994, 

Brockley 2000). As N concentrations on this site are above 1.1%, the magnitude of response may 

be smaller as the deficiency is only slight to moderate. 

Averages for P, Ca, Mg, and K were all found to be adequate (Table 1). However, Ca was 

slightly to moderately deficient on transect 15. Sulfur was slightly to moderately deficient on all 

transects with an average concentration of 0.088%. Sulphate-sulphur and N:S ratios are better 

indicators of deficiencies than S foliar nutrient concentrations and should be relied upon more 

for interpreting deficiencies. 

Cu, Zn, Mn, Fe, B, and SO4-S 

Copper was found to be possibly deficient on one transect (3 parts per million (ppm)) but the 

average value (5 ppm) was not deficient (Table 2). Zinc and Mn were not deficient on any 
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transect (47 and 276 ppm respectively). Iron was to be possibly deficient on one transect (26 

ppm), but the average foliar nutrient concentration was not deficient (31 ppm). Boron was 

possibly deficient on two transects (9 and 10 ppm) and not deficient on one transect (13 ppm); 

the average concentration of 11 ppm was possibly deficient. Sulphate-sulphur was adequate on 

all transect with an average of 106 ppm. 

Table 2. Foliar nutrient status and average foliar micro-nutrient concentrations for Cu, Zn, Mn, Fe, B, 

and SO4-S. 

Nutrient Average ppm Status 

Cu 5 No deficiency 

Zn 47 No deficiency 

Mn 276 No deficiency 

Fe 31 No deficiency 

B 11 Possible deficiency 

SO4-S 106 Adequate 

 

Foliar B concentrations below 10 ppm may limit growth response to fertilization (Brockley 

2006). The concentration of 11 ppm indicates that a further induced deficiency is possible. Trials 

have shown that fertilization with N or with an N and S blend can cause B deficiencies 

(Brockley 2006). The induced deficiencies may cause top dieback or decreased height growth 

(Brockley 1996, 2003, 2012; Stone 1990). A cautious approach to fertilizing on B deficient sites 

should be taken. The inclusion of B (1.5kg/ha) in the initial or subsequent fertilization 

applications would help improve foliar B concentrations and might avoid inducing future 

deficiencies and the related symptoms.
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Foliar Nutrient Ratios: N:P, N:K, N:Mg, and N:S 

No transect had nutrient ratios that were deficient. Averages for each ratio are shown in Table 3.  

While the N:S ratio is not deficient, Brockley (2012) suggests that S deficiency will likely be 

induced if the N:S ratio is > 13. A fertilizer mix including S, would help reduce the probability 

of an induced S deficiency. 

Table 3. Foliar nutrient N:P, N:K, N:Mg, and N:S. 

Nutrient Average ratio Status 

N:P 7.37 No deficiency 

N:K 1.58 No deficiency 

N:Mg 11.62 No deficiency 

N:S 13.81 No deficiency 

 

A Comparison of 2006 and 2012 Measurements on Transect 15 

Transect 15 was also sampled in 2006, the year following site fertilization.  Nitrogen, P, Ca, Mg, 

Zn, and Mn were all adequate or not deficient at this time (based on normalized data). Sulfur 

was moderate to severely deficient, and Sulphate-sulphur was severely deficient. Boron, Fe, and 

Cu all had possible deficiencies. The ratio for N:P and was slightly to moderately deficient and 

ratios for N:Mg and N:K were possibly deficient. The N:S ratio was moderate to severely 

deficient (Appendix C) 

Foliar nutrient ratios for N:P, N:K, and N:Mg indicated deficiencies following the 2005 

fertilization. The N:S ratio in 2006 indicated a moderate to severe deficiencies. The sulphate-

sulphur severe deficiency can be explained by the use of S to balance N in protein synthesis. By 

2012, foliar nutrient ratios had returned to values that indicate adequate supply. The correction 

is partially due to the drop in N concentration and in part due to increases in the foliar 

concentrations of P, K, and Mg. The rebalancing of these ratios and the fact that the foliar 

concentrations are adequate on all transects may indicate that soil nutrient reserves for these 

nutrients were sufficient to balance induced deficiencies. 

Site Index 

Site index was calculated using Site Tools 3.3 and Nigh’s growth intercept for white Sx in the 

SBS zone (2004). Height and breast height age were measured on representative trees. Average 

site index for all transects was 24.17 m at 50 years of breast height age (low of 23.0 m and a high 
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of 26.0 m for individual transects). The 2005 fertilization is probably partially responsible for the 

high site indices found on these transects and research indicates that fertilized pole sapling trees 

may be 13-21% taller than unfertilized trees (Brockley 2010). If the height of the trees is reduced 

by 17% to account for the effects of fertilization, the average site index decreases to 21.1. 

Recommendations by Brockley (2006) indicate that stands with site indices < 20 m at 50 years 

and with N concentrations below 1.1% will have the most positive volume response to 

fertilization. Sites with indices > 23 will have the smallest response. The foliar N concentrations 

found in this study (1.2%) are slightly above those recommended by Brockley (1.1%) and the 

site index (SI 24) exceeds the recommended value where best growth returns are observed 

following fertilization (SI < 23). Pre-fertilization site index measurements would help identify 

the change in site index that can be attributed to the effects of fertilization and help identify the 

changes in growth attributable to fertilization versus pre-fertilization site characteristics. 

4 Recommendations  

The results of this study indicate a slight to moderate N deficiency on all transects and possibly 

inducible S and B deficiencies. The N:S ratio (> 13) indicates that an S deficiency may be induced 

by fertilization with N. Brockley (2004) reported that fertilization could induce S deficiencies 

and result in smaller growth responses, and also indicated that with multiple fertilizations the 

frequency of induced S deficiency may increase.  In the 2006 study, the N:S ratio measured 

shows a moderate to severe deficiency and supports the conclusion that an induced deficiency 

is likely. To avoid this, fertilization mixes should include S additions of approximately 50 kg 

S/ha. Boron was found to be 11 ppm and an induced deficiency may result through N 

fertilization. To minimize the risk of this, 2-3 kg B/ha should be added to the fertilizer (Brockley 

2012). 

The temporary high SI on the transects complicates the recommendation to fertilize. 

Considering the high rate of growth for the sites is partly attributible to the previous 

fertilization, less importance should be placed on SI when evaluating previously fertilized sites. 

Taking pre-fertilization SI measurements would help indentify response to fertilization and 

clarify pre- and post-fertilization SI interpretations.  
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Appendix A  

Table 1.  Interpretation of macronutrient concentrations in current year’s foliage of 

lodgepole pine, interior spruce, and Douglas-fir (Brockley 2012). 
  Foliar concentration (% dry weight) 

Element Interpretation Lodgepole pine Interior spruce Douglas-fir 

 

Nitrogen 

Severely deficient < 1.00 < 0.90 < 1.00 

Moderately to severely deficient 1.00 – 1.15 0.90 – 1.10 1.00 – 1.15 

Slightly to moderately deficient 1.15 – 1.30 1.10 – 1.30 1.15 – 1.30 

Adequatea > 1.30 > 1.30 > 1.30 

     

 

Phosphorusb 

Severely deficient < 0.08 < 0.10 < 0.11 

Moderately to severely deficient 0.08 – 0.10 0.10 – 0.12 0.11 – 0.13 

Slightly to moderately deficient 0.10 – 0.12 0.12 – 0.14 0.13 – 0.15 

Adequatea > 0.12 > 0.14 > 0.15 

     

 

Potassiumb 

Severely deficient < 0.30 < 0.40 < 0.45 

Moderately to severely deficient 0.30 – 0.35 0.40 – 0.45 0.45 – 0.55 

Slightly to moderately deficient 0.35 – 0.40 0.45 – 0.50 0.55 – 0.60 

Adequatea > 0.40 > 0.50 > 0.60 

     

 

Calcium 

Severely deficient < 0.06 < 0.10 < 0.10 

Moderately to severely deficient 0.06 – 0.08 0.10 – 0.15 0.10 – 0.15 

Slightly to moderately deficient 0.08 – 0.10 0.15 – 0.20 0.15 – 0.20 

Adequatea > 0.10 > 0.20 > 0.20 

     

 Severely deficient < 0.04 < 0.04 < 0.06 
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Magnesiumb Moderately to severely deficient 0.04 – 0.06 0.04 – 0.06 0.06 – 0.08 

Slightly to moderately deficient 0.06 – 0.08 0.06 – 0.08 0.08 – 0.10 

Adequatea > 0.08 > 0.08 > 0.10 

     

 

Sulphurc 

Severely deficient < 0.06 < 0.06 < 0.06 

Moderately to severely deficient 0.06 – 0.08 0.06 – 0.08 0.06 – 0.08 

Slight to moderate deficiency 0.08 – 0.10 0.08 – 0.10 0.08 – 0.10 

Adequatea > 0.10 

 

> 0.10 

 

> 0.10 

 

     

a Level that is generally associated with an acceptable level of growth in young forest stands. At higher levels, 

nutrient additions may not result in economically significant growth gains. 

b Foliar N:P, N:K, and N:Mg ratios typically have higher interpretative value than absolute levels of P, K, and Mg. 

c Foliar sulphate-S and N:S ratio typically have higher interpretative value than the absolute foliar level to total S. 
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Table 2.  Interpretation of sulphate-sulphur and micronutrient concentrations in current 

year’s foliage of lodgepole  pine, interior spruce, and Douglas-fir 
  Foliar concentration (ppm dry weight) 

Element 
Interpretation 

Lodgepole pine Interior spruce Douglas-fir 

 

Sulphate-S
a
 

Severely deficientb < 40 < 60 < 100 

Moderately to severely deficient 40 – 60 60 – 80 100 – 150 

Slightly to moderately deficient 60 – 80 80 – 100 150 – 200 

Adequate > 80 > 100 > 200 

     

 

Copper 

Probable deficiency < 1 < 1 < 1 

Possible deficiencyc 1 – 3 1 – 3 1 – 3 

No deficiency > 3 > 3 > 3 

     

 

Zinc 

Probable deficiency < 10 < 10 < 10 

Possible deficiencyc 10 – 15 10 – 15 10 – 15 

No deficiency > 15 > 15 > 15 

     

 

Iron 

Probable deficiency < 20 < 20 < 20 

Possible deficiencyc 20 – 30 20 – 30 20 – 30 

No deficiency > 30 > 30 > 30 

     

 

Manganese 

Probable deficiency < 15 < 15 < 15 

Possible deficiency 15 – 25 15 – 25 15 – 25 

No deficiency > 25 > 25 > 25 

     

 Severely deficientd < 3 < 3 < 3 
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Boron Probable deficiencye 3 – 6 3 – 6 3 – 6 

Possible deficiencyf 6 – 12 6 – 12 6 – 12 

No deficiency > 12 

 

> 12 

 

> 12 

 

     

a Interpretations for sulphate-S apply only to unfertilized foliage and do not apply to sulphate-S analytical 

procedures that use an inductively coupled plasma spectrophotometer (ICP). 

b Favourable growth response following N fertilization unlikely unless S is added in combination with N. 

c Favourable growth response following N fertilization will likely occur at these levels.   

d Visual symptoms of B deficiency (i.e., top die-back) likely present.   

e Sub-acute B deficiency, causing reduced height increment, likely exists in the absence of visual deficiency 

symptoms.       

f A boron deficiency, causing reduced height increment and/or top die-back, may be induced by N fertilization.  
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Table 3.  Interpretation of nutrient ratios in current year’s foliage of lodgepole pine, interior 

spruce, and Douglas- fir. 
  Threshold value 

Ratio  Interpretation Lodgepole pine  Interior spruce Douglas-fir 

 

N:P 

Moderate to severe P deficiency > 13 > 11 > 11 

Slight to moderate P deficiency 11 – 13 10 – 11 10 – 11 

Possible slight P deficiency 10 – 11 9 – 10 9 – 10 

No P deficiency < 10 < 9 < 9 

     

 

N:K 

Moderate to severe K deficiency > 4.5 > 4.0 > 3.5 

Slight to moderate K deficiency 3.5 – 4.5 3.0 – 4.0 2.5 – 3.5 

Possible slight K deficiency 2.5 – 3.5 2.0 – 3.0 2.0 – 2.5 

No K deficiency < 2.5 < 2.0 < 2.0 

     

 

N:Mg 

Moderate to severe Mg deficiency > 30 > 30 > 30 

Slight to moderate Mg deficiency 20 – 30 20 – 30 20 – 30 

Possible slight Mg deficiency 15 – 20 15 – 20 15 – 20 

No Mg deficiency < 15 < 15 < 15 

     

 

N:S 

Severe S deficiency > 25 > 25 > 25 

Moderate to severe S deficiency 20 – 25 20 – 25 20 – 25 

Slight to moderate S deficiency 15 – 20  15 – 20  15 – 20  

 No S deficiencya < 15 < 15 < 15 

     

     

a Sulphur deficiency likely to be induced by N fertilization if pre-fertilization N:S > 13.



  

Spruce Foliar Screening Trials 17 8/03/2012 
 

Appendix B 
Foliar nutrient concentrations and interpretation of spruce from the 2012 foliar sampling conducted in TFL 52. 

 

 

Appendix C 
Foliar nutrient concentrations and interpretation for the 2006 and 2012 samples taken at Transect 15 in TFL 52. 
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Appendix D 
Pre- and post normalization foliar nutrient concentration data using Rob Brockley’s calculator, including foliar analysis results from 2006 on Site 15 (highlighted rows). 

 

 


