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ABSTRACT 

Commercial soluble fertilizers specifically formulated for use in the 

greenhouse culture of containerized coniferous seedlings have been recently 

Introduced. Growth and foliar nutrient uptake in jack pine paperpot seedlings 

fertilized with these "forestry" formulations were compared with those of seed 

lings fertilized with some of the more commonly used general-purpose horticul 

tural formulations. There were no significant differences in growth response or 

seedling ontogeny between fertilizer treatments. From an operational viewpoint, 

the "forestry" fertilizers proved no better and no worse than general-purpose 

fertilizers in the summer production of 12-week-old container stock. The simi 

larity of foliar nutrient uptake indicates that all treatments provided an ade 

quate, if not abundant, supply of macro- and raicronutrients. The results pro 

vide no evidence to indicate that special "starter", "grower" and "finisher" 

formulations are necessary in the production of jack pine under optimum growing 

conditions. 

RESUME 

Des engrais solubles commerciaux coneus specialement pour la culture en 

serre de semis de coniferes en recipients ont ete lances sur le marche, recem-

ment. Cette etude corrpare, chez des semis de pin gris cultives en recipients de 

papier, l'accroissement et l'assimilation foliaire des substances nutritives 

obtenus avec des preparations "pour usage forestier" et avec des preparations 

horticoles pour usage general, parmi les plus couramment utilisees. Aucune dif 

ference significative n'a ete observee entre les traitements pour l'accroisse 

ment et l'ontogenese des semis. Du point de vue operationnel, les engrais pour 

usage forestier ne se sont reveles ni meilleurs ni pires que les engrais pour 

usage general en ce qui concerne la production estivale de semis en recipients 

de 12 semaines. La similarity de l'assimilation foliaire des substances 

nutritives indique que tous les traitements ont assure un approvisionnement 

adequat, sinon abondant, en macro-elements et micro-elements. Les resultats 

n'indiquent pas que des preparations speciales de demarrage, de croissance et de 

finition sont necessaires pour la production du pin gris dans les conditions 

optimales de croissance. 
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INTRODUCTION 

The soilless growing madia used in the culture of containerized tree seed 

lings, while having desirable physical properties, generally provide little by 

way of available mineral nutrients (Bunt 1976, Whitconib 1984). While the vermi-

culite in peat-lite mixes (Boodley and Sheldrake 1982) contains sufficient K and 

Mg to supply most plants (Tinus and McDonald 1979), for the most part the nutri 

ents required for normal seedling growth and development must be supplied 

through supplemental fertilization. Of available methods, the incorporation of 

granular fertilisers into the growing medium is least desirable for a number of: 

reasons (Tinus and McDonald 1979), and lias been largely abandoned as a primary 

means of supplying nutrients to soilless mixes. Most container operations in 

eastern Canada now use soluble fertilizers, applied frequently and at low con 

centrations through the irrigation water • 

Users of soluble fertilizers may elect either to purchase a "complete" com 

mercial formulation containing macro- and microelements or to mix their own from 

technical grade chemicals. While the latter is appealing because of the theo 

retical ability to tailor nutrition to a specific crop situation, few operation 

al container nurseries have either the resources or the expertise required to 

formulate and prepare their own fertilizer blends (cf- Tinus and McDonald 

1979). Consequently, most container growers find it simpler and more convenient 

to use commercial premixed soluble fertilizers in their operations. 

Notwithstanding the restrictions imposed by use of commercial fertilizers, 

the selection and development of fertilizer regimes for container stock has been 

molded by the general perception that nutritional needs change with stage of 

seedling development (Brix and van den Driessche 1974, Tinus and McDonald 

1979). This has given rise to the widespread practice of using different rates 

and/or fertilizer formulations for different phases of the production cycle 

(e.g., Edwards and Huber 1982, Hallett 1982a, Matthews 1982). Thus, a "starter" 

fertilizer (low N, high P, moderate K) is comnonly used, at low concentrations, 

during the juvenile phase while seedlings are becoming established. This is 

followed by a "grower" formulation (high N or a balanced fertilizer) at a higher 

concentration during the exponential growth phase. Finally, a "finisher" (low 

K, noderate-to-high P, noderate-to-high K) may be used during the hardening and 

conditioning phase, perhaps increasing N after budset. Although fertilizer 

rates and formulations may vary widely from operation to operation, most con 

tainer nurseries use variants of this basic regimen. 

Until fairly recently, container growers who wanted the convenience of 

ready-to-use commercial fertilizers had to choose from formulations developed 

primarily for horticultural crops. Although many successful crops of tree seed 

lings have been produced with these horticultural fertilizers, the recent intro 

duction of commercial soluble fertilizers specifically intended for use in the 

In Brit ish Columbia a significant proportion of seedlings are raised in growing media 

amended with slow-release fert ilizers, supplemented by soluble fertilizers during the 

growing season (J.T. Arnott, Pacific Forestry Centre, Canadian Forestry 5ervice, Victoria, 

B.C. - personal eommunication. See also Matthews 1982). 
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culture of coniferous tree seedlings was greeted with enthusiasm. However, as 

will be discussed later, aside from supplemented microelement levels these new 

"forestry" fertilizers have, within broad limits, NPK levels somewhat similar to 

those of the horticultural formulations already used in conifer production in 

eastern Canada. 

The present experiment was initiated primarily to determine whether, in the 

greenhouse culture of jack pine (Pinus banksiana Lamb.) paperpot seedlings, the 

results obtained with the special "forestry" formulations were any different 

from those obtained with the more commonly used horticultural formulations. 

Different manufacturers' products were Included, and all treatments included a 

starter, a grower and a finisher. With one exception, constant fertilization 

was used for all treatments. Application rates, adjusted to similar N levels, 

were based upon regimes recommended by the author for growing coniferous con 

tainer stock in Ontario. These are somewhat on the conservative side, perhaps, 

but experience has shown them to be adequate under most circumstances. 

MATERIALS AND METHODS 

The experiment was conducted in a greenhouse at the Great Lakes Forestry 

Centre in Sault Ste. Marie. Trays of FH408 Japanese paperpots (3.8 cm diam. x 

7.5 cm deep; 336 pots/tray 9 1066/m ) were filled with a 2:1 peat moss:horticul-

tural grade vermiculite mixture on a stationary vibration table. Jack pine 

seeds were sown on 22 June, covered with a thin layer of #10 silica grit, and 

the paperpot trays were transferred to greenhouse benches (32°/20°C day maximum/ 

night minimum; 18-hour photoperiod ). During germination and prior to the start 

of fertilizer applications, seedlings were irrigated as required with city 

water. 

Germination started on 28 June and was completed by 6 July. For computa 

tion purposes, 4 July was adopted as the effective germination date; all subse 

quent references are based on this date. 

Seedlings were thinned to one per cavity at the cotyledon stage. Fertil 

izer treatments began on 8 July, as soon as primary needle development became 

evident. Treatments were arranged in a randomized block design with five 

replications, each treatment replicate comprising a single paperpot tray. 

Fertilizer Treatments 

Ten nutrient regimes were compared, all but one using commercially avail 

able, "complete" water-soluble fertilizers. The exception, a prescription 

nutrient solution published by Hocking (1971, 1972), was included because, 

having been developed specifically for the culture of coniferous seedlings, it 

offered a convenient standard ty which to judge the commercial formulations. 

Daylength extension with 1000 watt General Electric Multi-Vapor/0 HID lamps providing 7600 

lux at plant level. 
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fill nutrient regimes comprised a starter (3 weeks' duration), a grower (7 

weeks' duration), and a finisher (1 week's duration). among the commercial 

fertilizers, various options were tested. Treatments 2 and 4 (Table 1) used 

Plant Products and Peters® general-purpose 20-20-20 fertilizers throughout, only 

the application rates being changed for the different growth phases. These 

regimes are frequently used for growing jack pine, the difference between the 

two manufacturers' products being principally one of microelement analysis 

(Appendix I). Treatment 5, a 20-19-18 formulation manufactured by Peters® spec 
ifically for peat-lite growing media, and containing supplementary trace ele 

ments, was included as a potential alternative to the general-purpose formula 

tions. Treatments 6 and 8, using Plant Prod and Peters® fertilizers, respec 
tively, represent the most common nutrient regimes used for container culture in 

Ontario. A high P formulation, at a relatively low rate, was used as a starter 

and finisher, with a balanced high N grower during the exponential growth 

phase. Aside from the differences in P and K levels, the principal differences 

between the two manufacturers were in microelement levels. 

The above treatments using horticultural fertilizers were contrasted with 

the new "forestry" formulations (treatments 7 and 9, respectively). In all of 

the above, the finisher rate was rather conservative (25 ppiriN); treatment 10 was 

therefore included to evaluate the effect of a higher rate (50 ppmN) for one of 

the special "forestry" finishers. 

While a constant fertilization program was adopted for all other treat 

ments, treatment 3 was fertilized only intermittently and at an accordingly 

higher rate. Such a regime is preferred by a few growers and its inclusion in 

this experiment, with a typical 20-20-20 formulation used throughout, was 

intended to provide an example for comparison of this alternative approach. 

Published analyses for the 11 commercial fertilizers used in the experiment 

are given in Appendix I. Elemental nutrient concentrations calculated for the 

various treatments are listed in Appendix II. 

With the exception of treatment 3 (intermittent fertilization), seedlings 

were watered by hand with 3 L of nutrient solution per tray roughly every other 

day, care being taken to maintain a slight leaching action through the growing 

medium. More frequent applications were often necessary as the seedlings grew 

larger. 

All constantly fertilized treatments received the same number of nutrient 

applications in the same volumes of water, as follows: 

Period No. of applications 

Starter 8 July - 28 July 10 

Grower 30 July - 15 Sept. 20 

Finisher 17 Sept. - 23 Sept. 5 



Table 1. Summary of fertilizer treatmentsa 

More detailed descriptions of the fertilizers used, including trace element analyses, are given in Appendix I 

. Prod. = Plant-Prod Water Soluble Fertilizers manufactured by Plant Products Go. Ltd., Bramalea, Ontario; 

Peters « Peters® Soluble Fertilizers supplied by W.R. Grace fi Co. of Canada Ltd., Ajax, Ontario 

cThis treatment operated on an intermittent rather than a constant fertilization program 
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In the intermittent fertilization treatment (treatment 3) nutrients were 

applied on Tuesdays and Fridays only {starter - 5 applications; grower - 14 

applications; finisher - 3 applications). Clear tap water was applied as neces 

sary on intervening days, generally at the same times and rates as were used in 

applying nutrients to other treatments, and in sufficient quantities to ensure a 

slight leaching action. All treatments were thoroughly leached with clear water 

prior to each change in fertilizer regime. 

Sampling 

Growing media samples were taken for analysis before the start of fertil 

izer treatments and, for each treatment, just prior to leaching at each change 

of fertilizer regime (i.e., starter/grower, grower/finisher). Two random con 

tainers were taken from each treatment replicate, the silica grit and seedling 

roots were removed, and the material was bulked, mixed and air-dried. 

Samples for tissue analyses were taken (two random seedling shoots per 

replicate) at 6, 10 and 12 weeks from germination. Seedling shoots were bulked 

for each treatment and oven-dried for 48 hours at 70°C. 

Tissue and growing medium analyses, as well as a water analysis, were car 

ried out by the Peters®/Terra-Lite® Testing Laboratory in Fogelsville, Perm. 

(W.R. Grace s Co.), utilizing an Inductively Coupled Argon Plasma Spectrometer 

(ICAP) and Antek Nitrogen Analyzer (Shadan and Peters 1981). Extraction was by 

dry ashing/nitric acid digestion and saturated paste method for tissue and grow 

ing medium analyses, respectively. 

Sampling for seedling measurement began 2 weeks after germination and was 

repeated at 2-week intervals until week 12. Five seedlings were sampled at 

random from each treatment replicate, edge trees being avoided. Depending on 

stage of seedling development, measurements included shoot height, root-collar 

diameter, shoot and root dry weights, and root area index (Morrison and Armson 

1968). Growth data were compared by one-way analysis of variance, and differ 

ences between ireans were evaluated by Tukey's w-procedure where appropriate. 

RESULTS flND DISCUSSION 

The presentation of results is divided into three sections, viz., nutrient 

supply, seedling growth response, and foliar analysis. 

Nutrient Supply 

Application rates of N were held more or less constant during each cultural 

phase (i.e., starter, grower, finisher), although the sources of N differed con 

siderably within the starter and finisher formulations (Appendix I). With the 

exception of the Peters® Conifer Grower (treatment 9), N-source proportions were 
similar in the grower formulations (approx. 53% urea, 20% NH4, 27% NO3). 
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While seedlings received similar amounts of N they were exposed to substan 

tially different levels of the other inacronutrients (Table 2 and Appendix II). 

The highest P rates occurred with the starter and finisher formulations of 

treatments 6 to 10, which included the "forestry" fertilizers. But the 

"forestry" fertilizers (treatments 7, 9, 10) also had the lowest P concentra 

tions daring the grower phase, averaging only 40% of those in the other commer 

cial fertilizers. Potassium levels were fairly siitiilar across treatments during 

the grower phase (except for treatment 1 - high), but were substantially higher 

in the "forestry" fertilizers daring the finisher phase. Small amounts of K 

will have been contributed by the vermiculite in the growing medium (Tinus and 

McDonald 1979). 

Table 2. Minimum and maximum macronutrient application rates (ppm)a 

Excludes treatment 3; see Appendix II for details of specific treatments. 

It is useful to compare macronutrient proportions (N = 100) in the fertil 

izers used during the exponential growth phase with those recommended by 

Ingestad (1962, 1967, 1979) for maximizing growth of Scots pine (Pinus silves-

tris L. ) seedlings (viz., P 13; K 65; Ca 6; Mg 8.5). Similar N:P:K proportions 

(P 12; K 69) were successfully used by Tinus (Tinus and McDonald 1979, Table 

13-13) to grow western conifers. On the basis of these standards, all grower 

formulations used here had relatively high K proportions (Table 2). Phosphorus 

proportions conformed reasonably well in the "forestry" fertilizers (15.2 -

17.5), but were between 2.4 and 3.3 times higher than Ingestad's values in the 

other treatments. This suggests that all commercial fertilizer treatments 

supplied adequate to abundant P and K during the grower phase. 

In strong contrast to the Hocking solution (treatment 1), where the propor 

tions far exceeded Ingestad's recommendations, none of the commercial fertiliz 

ers contained any Ca or very high levels of Mg. The Plant Products general-

purpose fertilizers (treatments 2, 3, 4, 6) contained neither Ca nor Mg and, 

even in those fertilizers which did supply Mg, levels were usually less than 

1 ppm. Only in the Peters® "forestry" formulations did Mg levels exceed 1 ppm 

(but still < 2% at N = 100 in the grower fertilizers, in comparison with 

Ingestad's figure of 8.5). No attempt was made to supplement Ca and Mg levels 

since the irrigation water contributed fairly significant amounts of both 

elements (40 and 6 ppm, respectively - Appendix III). 

An adequate supply of trace elements is essential for normal seedling 

nutrition and development (Bunt 1976, Puustjarvi 1977). Within this experiment, 

trace element levels varied considerably from treatment to treatment. Again, it 

is useful to compare application rates in the various treatments (Appendix II) 

with the proportions cited by Ingestad (1967) (viz., Fe 0.7; Hn 0.4; B 0.2; Cu 
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0.03; Zn 0.03; tto 0.007). Micronutrient levels were lowest in the general-pur 

pose fertilizers, these having been originally formulated for use with growing 

media containing mineral soil. When these fertilizers are used with soilless 

media, which are frequently deficient in micronutrients {Bunt 1976), it may lie 

necessary to supplement trace element levels. Supplemental trace elements were 

deliberately not added in this experiment in order to determine whether seedling 

growth might be adversely affected. 

By way of contrast, the new "forestry" fertilizers are specifically intend 

ed for use with soilless growing media and, to meet the perceived needs of con 

iferous seedlings, both manufacturers have produced formulations with substan 

tially increased levels of trace elements (even higher than in the Peters® Peat-

Lite® Special), particularly of Fe. Proportions of Fe, Cu and Si are several 

times higher than those recommended by Ingestad (1967). (Compare values in 

Appendix II with Ingestad's above. ) 

Results of the water and pre-treatment growing medium analyses, summarized 

in Appendix III, were within acceptable limits. Water quality was good, 

although pH was high. However, Sault Ste. Marie city water typically has a pH 

in the range of 8.0 - 8.4 and, while the addition of fertilizers reduced the pH 

of the irrigation water to just below neutral, the pH of the growing medium 

remained fairly constant (4.0 - 4.4) in all treatments over the course of the 

experiment. 

Levels of major elements in the growing medium are depicted in Figure 1. 

As might be expected, results of the early analyses were generally proportional 

to the composition of the fertilizer being applied. (Note that date h represents 

the end of the starter phase, date B is after leaching, and date C is after six 

applications of grower fertilizer.) However, while nutrient levels continued to 

reflect sorre of the more pronounced differences between fertilizer regimes, the 

overall relationship between elemental application rates and levels in the grow 

ing medium generally became much weaker by the end of the grower phase (i.e., 

date D, after 20 applications of grower solution). This can be attributed to 

differential rates of nutrient utilization and accumulation in the various 

treatments. 

Nutrient levels in the growing medium at the end of the grower phase are 

given in detail in Appendix IV. None of the values was especially high by 

horticultural standards (unpublished ranges of W.R. Grace G Co.). As expected, 

the highest N, P, and K concentrations were generally found in treatment 3, on 

the intermittent feed program (Fig. 1). Treatment 1 (Hocking solution) also had 

higher-than-average levels of most elements except P and Fe although, in con 

trast with treatment 3, these high levels were accompanied by a marked elevation 

of salt levels throughout the grower phase. Comparison of growing media anal 

yses with elemental application rates (Appendix II) indicates a fairly substan 

tial accumulation of Ca and Mg in treatment 1, as illustrated in Figure 1. 

Surprisingly, there was also some accumulation of Ca and Mg in treatments 2-10. 

This suggests that the concentration of these elements in the irrigation water 

(Appendix III) was sufficient to satisfy seedling requirements, and that the 

levels provided by the Hocking solution were unnecessarily high. 



NITROGEN CALCIUM 

PHOSPHORUS MAGNESIUM 

'0 t. 

POTASSIUM IRON 

>*• 

Figure 1. Concentrations of najor elements in saturated extract of growing 

growing madium. (Refer to Table 1 for treatments. ) Sampling date A 

= 28 July (after 10 applications of "starter"); B = 1 Aug. (after 

leaching); C = 15 Aug. (after six applications of "grower"); D = 

14 Sept. (after 20 applications of "grower"}; E = 26 Sept. (end of 12 

week production period) 
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Seedling Growth Respoase 

Despite large differences in supplied nutrients, no significant effects of 

treatments upon seedling growth or ontogeny were observed at any sampling date. 

In fact, seedling growth was remarkably uniform across all treatments for the 

entire 12-week greenhouse phase. The similarity of response is clearly illus 

trated in Figure 2, which superimposes all 10 growth progressions on a single 

graph. Individual treatments are not identified, partly because of the large 

amount of overlap and partly because the intent is to illustrate the similarity 

of treatment response. It will be noted that the Hocking solution, though form 

ulated specifically for coniferous seedlings, produced no better growth than the 

commercial fertilizers; in fact, growth progressions for this treatment were 

usually the lowest. 

Seedling dimensions at the time fertilizer treatments were terminated (12 

weeks) are presented in Table 3. Although the average size of seedling was very 

similar from treatment to treatment, it should be noted that within-treatment 

variation in final dry weight was relatively high. This undoubtedly reflects 

the intense competition for aerial growing space that developed between the 

closely packed seedlings after the tenth week, leading to reduced growth in the 

less dominant individuals and their incipient suppression. Fran the viewpoint 

of cultural efficiency, this indicates that the optimum rotation had already 

been surpassed for the particular size of container used. 

Growth rates were excellent by operational standards, supporting the view 

that, under constant fertilization, a 100 ppmN grower solution is adequate for 

crops of jack pine on a 10- to 12-week production cycle . Faster growth can be 

achieved at higher concentrations, but experience has shown that this is usually 

at the expense of morphological seedling quality. While growth rate and plant 

size are important, the distribution of growth also needs to be considered. 

Even in summer crops, N levels over 100 ppin during the grower phase commonly 

lead to excessive shoot elongation and poor shoot:root balance in 

greenhouse-grown jack pine. Seedlings grown at 100 ppmN usually are shorter, 

sturdier and have a better root balance, notw iths tarn ling the fact that, in this 

experiment, both 12-week height:diameter and shoot;root ratios were higher than 

desirable. With respect to the latter, it nay be noted that, with the cessation 

of height growth, both ratios iirproved substantially between the time seedlings 

were moved from the greenhouse, on termination of the experiment, and the onset 

of winter. 

The lack of any discernible or significant treatment response has important 

corollaries: 

- Contrary to conventional wisdom, the use of special starter and finisher 

formulations with high P and K levels does not appear to have benefited 

seedling root development, or to have boosted the level of these elements 

in the foliage (see Foliar Analysis, p.12). General-purpose fertilizers 

were as effective in producing good quality, well balanced seedlings as the 

special "forestry" formulations. 

3ri)is assunes moisture conditions m the growing mediun that allow for frequent additions 

of nutrient solution; where the medinn is difficult to dry down, as in many winter crops, 

it may be necessary to adjust the fertilization method and rate. 
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Figure 2. Growth progressions for jack pine seedlings grown under 10 fertilizer 

treatments, showing similarity of response. (Note: curve marked 

with circles denotes Hocking treatment-} 



Table 3. Dimensions of 12-week-old jack pine paperpot seedlings grown tinder 10 different fertilizer regimes {n = 25) 

Shoot height (cm) 

Root-collar diam. (mm) 

Height;diam♦ ratio 

Shoot dry weight (mg) 

Root dry weight [mg) 

Total dry weight (mg) 

Shoot:root ratio 

Root area index (cm ) 

a For each parameter, treatment differences are not significant at p = 0,05 

b s - standard deviation 

I 
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Despite fairly substantial differences between fertiliser treatments 

(Appendix I) in proportions of urea, nitrate-N (NO3-N) and ammonium-N 

(NH4-N), the source of N was apparently unimportant for growth in this 

summer crop of jack pine. This agrees with Ingestad's (1979) finding that 

varied NH4-N/NO3-N ratios had little effect on growth of Scots pine and 

Norway spruce (Picea. abitzs Karst. ) seedlings. However, it mist be admitted 

that N source studies with coniferous seedlings have produced conflicting 

results. While conifers have often been reported to respond best to NH4-N 

(McFee and Stone 1968, van den Driessche 1971, Brix and van den Driessche 

1974, Nelson and Selby 1974), others have reported better growth with NO3-N 

(Pharis et al. 1964, Radwan et al. 1971) or with a mixture of these two N 

sources (Christersson 1972). These different responses may be related to 

species or to differences in moisture supply, soil temperature, pH, or the 

concentration of other nutrients. Consequently, it is not to be inferred 

that the results reported here will necessarily hold true for all crops of 

jack pine. In winter crops especially, where low light levels and cooler, 

wetter growing media with reduced oxygen levels may prevail, nitrification 

of NH4-N may be inhibited. Because young seedlings, low in carbohydrates, 

may suffer ammonium toxicity if the NH4-N level is too high (Bunt 1976), it 

might be safer to use high NO3-N fertilizers (such as the Peters® 7-40-17 
starter and 20-7-19 grower formulations) under these circumstances. 

Both constant and intermittent fertilization produced the same result. 

This was not entirely unexpected, although it should be noted that deliber 

ate care was taken to ensure optimum moisture conditions and adequate 

nutrient flushing in the intermittent feed treatment. If such precautions 

are not taken there is perhaps a greater risk of soluble salt accumulation 

where fertilizers are applied periodically at high concentrations, with an 

attendant risk that seedlings nay suffer reduced growth or injury, espe 

cially if the growing medium is allowed to dry out. 

Differences in micronutrient content between fertilizer treatments do not 

seem to have affected the development or growth of jack pine seedlings. 

Aside from a slight, transitory chlorosis of 6-week-old seedlings, perhaps 

caused by a minor Fe deficiency (see Foliar Analysis, p.14), the general-

purpose fertilizers (treatments 2, 3, 4, 6) performed, at least up to 12 

weeks, just as well as the "forestry" fertilizers with the fortified micro 

element package, despite the fact that no supplemental micronutrients were 

added to the general-purpose fertilizers. 

Foliar Analysis 

For reference, foliar nutrient concentrations are summarized in. full in 

Appendix V. With the exception of minor elements, these have been converted to 

absolute nutrient uptake values (concentration k mean shoot dry weight) to 

reflect better the relationship between fertilizer treatments (Pig. 3). 

For the ttost part, nutrient uptake was fairly uniform from treatment to 

treatment at each sampling date. This parallels the absence of significant 

growth differences. With the exception of the high concentrations of Ca, Mn and 

B in treatment 1 (Mocking solution), those differences in uptake that were 



NITROGEN CALCIUM 

PHOSPHORUS MAGNESIUM 

POTASSIUM IRON 

Figure 3. Foliar nutrient uptake ty jack pine seedlings. (Refer to Table 1 for 

treatments.) Sampling date C = 15 Aug. (6 weeks); D = 14 Sept. (10 

weeks - end of "grower" phase); E = 26 Sept. (12 weeks) 
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recorded (see 12-week data for P and K, Fig. 3) generally showed no clear rela 

tionship with nutrient concentrations in the fertilizer solution. Furthermore, 

there was generally poor correlation v;ith nutrient concentrations in the growing 

medium (Table 4). Among commercial fertilizer treatments only foliar Fe showed 

any lasting association with nutrient levels in the growing rredium, with final 

uptake in the "forestry" fertilizer treatments averaging 24% higher than that in 

the general-purpose treatments. Foliar values for Fe indicate that this element 

was on the borderline of deficiency in most of the general-purpose fertilizers. 

This would account for the mild chlorosis noted in these treatments at 6 weeks, 

although growth was unaffected. With a lower limit of 60 ppm, it seems that 

only the "forestry" fertilizer treatments had reasonably acceptable Fe concen-

tratioas at the end of the grower phase. 

Table 4. Correlation coefficients (r) between growing 

nutrient concentrations at 10 weeks and foliar 

nutrient uptake at 10 and 12 weeks. 

Week 

Element 10 12 

N 

P 

K 

Ca 

Mg 

Fe 

aHigh r-values for Ca and Mg were due to extreme data 

points contributed by treatment 1; without this treat 

ment values were reduced to -0.119 and -0.028, respec 

tively . 

The nutrient content of plant tissues partly reflects the availability of 

nutrients in the growing medium and partly the ability of the plant to e>±ract, 

translocate and assimilate those nutrients. The latter will vary with species, 

age of the plant, season, and other environmental factors (van den Driessche 

1974). Consequently, care must be exercised when one is comparing foliar anal 

ysis results with values reported in the literature. While little published 

information is available that is specific to container stock, several sources 

cite values or ranges (Table 5) that can be used as a basis for evaluating 

results. These reveal no evident macronutrient deficiency in any of the present 

fertilizer treatments; indeed, at 10 and 12 weeks most were clearly close to the 

maximum of the ranges cited. (In this regard, it appears that the upper limits 

for P, K, Ca and Fe suggested by W.R. Grace [Table 5] may be rather high for 

jack pine.) Nitrogen values for actively growing 10-week-old seedlings were in 

agreement with Hallett's (1982b) guidelines for 10- to 16-week-old jack pine. 

However, it is of interest to note that, by the end of the finisher phase (i.e., 



Table 5. Foliar nutrient concentrations reported for jaclc pine seedlings and conifers in general. 

a provisional guidelines for N concentrations in 10- to 16-week-old jack pine container stock 

k 16-week-old jack pine seedlings grown in sand culture 

c 4 0-week-old jack pine seedlings grown in shredded peat with Ingestad's nutrient solution 

d normal ranges for conifer seedlings given on »,R, Grace 5 Co., Peter^©/Terra-lite® Testing Labo 

ratory analysis report form 

e suggested optimum range for growth of Scots pine seedlings 

f concentrations associated with maximum growth of 4- to 6-week old Scots pine seedlings 

^ adequacy range for coniferous seedlings 



2 weeks later), H concentrations had already fallen below his range for harden 

ing (2.5-2.8%) and were close to his recommended overwintering range (1.9-2.2%). 

Contrary to the findings of Ingestad (1979), who reported an increase in 

the N content of seedlings with increasing ratio of NH4-N to NO^-N despite 

little effect on growth, no correlation was found between uptake of N and the N 

source in the grcwer fertilizer. Again, for reasons outlined in the previous 

section, it cannot be assumed that the same will hold true for all crops of jack 

pine, especially those grcwn as winter or early spring crops. 

At optimum nutrition Ingestad (1967) concluded that "the proportions of 

elements in plants...seem to a great extent to vary insignificantly with species 

or age of plant, though the absolute concentrations and quantities nay vary". 

Subsequently (1979) he proposed foliar nutrient proportions for maximizing 

growth of Scots pine (100 N; 14 P; 45 K; 6 Ca; 6 Mg) and Norway spruce (100 N; 

16 P; 50 K; 5 Ca; 5 Mg). Weetinan (1970) lias published figures for 40-week-old 

jack pine (100 N; 14 P; 47 K; 17 Ca; 3 Mg) which, except for Ca, agree reason 

ably well with the Scots pine values. By contrast, element proportions computed 

from Swan's (1970) data for 16-week-old jack pine (Table 5) give low values for 

X (100 N; 13 P; 23 K; 5 Ca; 8 Mg). However, if we compare N:P:K ratios in the 

nutrient solutions used by Swan (1970) and Ingestad (1979) (100:10:10 and 

100:13:65, respectively) it becomes clear that Swan's seedlings were inadequate 

ly supplied with K especially, and that suboptimal nutrition was the most 

probable reason for the lack of agreement in foliar element proportions. 

Macronutrient proportions at the end of the present experiment (below) were 

in general accord with those reported (above) by Msetman (1970) and Ingestad 

(1979), a fact which lends support to the conclusion that all fertilizer treat 

ments supplied adequate nutrients. 

It will be noted that, averaged over all treatments, values for K declined by 

roughly 12% during the finisher phase. Once again, high Ca and Mg values for 

treatment 1 elevate the overall means for these elements; average proportions 

for the commercial fertilizer treatments alone are given in parentheses. 

General Discussion 

Fran an operational viewpoint, these results reveal no particular biologi 

cal advantage to using currently available "forestry" fertilizers, at the rates 

stated, in the summer production of 10- to 12-week-old jack pine container 

stock. In this regard, they proved no better and no worse than the general-

purpose fertilizers or the Hocking solution. The similarity of response and 
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vigor of growth indicates that, under the optimal conditions of this experiment, 

all treatments provided an adequate, if not abundant, supply of essential nutri 

ents. This is borne out by the similarity of foliar nutrient uptake. With such 

unrestricted access to nutrients, and practically identical application rates of 

S, the principal driving force behind vegetative growth, it is perhaps not sur 

prising that seedlings were insensitive to differences in fertilizer formula 

tion-

The absence of nutrient supply stress can also explain the lack of any evi 

dent morphological response to the use of separate starter, grower and finisher 

fertilizers. Thus, it can be argued that the failure of high P starters to 

bring about any apparent improvement in root development was due to the fact 

that P levels were already sufficient in the other fertilizers. We must be cog 

nizant, however, of the time element in the production of jack pine container 

stock, and the effect that this may have upon, treatment response. For the most 

part, greenhouse periods are relatively short, in Ontario rarely exceeding 12 

weeks- As a result, seedlings are exposed to a starter fertilizer, for example, 

for only a few weeks, probably too short a period for measurable treatment 

effects to develop unless there is some major nutrient deficiency. 

It would be unwise to extrapolate the results of this experiment to older 

seedlings. Nutrient demand obviously increases as seedlings grow older and 

larger, and once demand exceeds supply, growth may be restricted. Swan (1970) 

cites a cautionary example. Experiments to investigate the relationship between 

nutrient supply and growth of black spruce (Picsa neriana [Hill.] B.S.P.) and 

jack pine seedlings showed a striking difference in response to nutrient supply 

at 15 and 26 weeks. Had the experiments been terminated at 16 weeks it might 

have been concluded that there was little or no response- Ten weeks later the 

response was very pronounced. Thus, whereas it seems clear that none of the 

seedlings in the present experiment had grown big enough to encounter a nutrient 

supply stress, longer growing cycles might well have resulted in the development 

of progressively more pronounced treatment differences. 

SUMMARY AND CONCLUSIONS 

At the operationally conservative application rates used in this experi 

ment, there were no significant differences in jack pine growth response or 

seedling ontogeny between fertilizer treatments at any sampling date. The simi 

larity of foliar nutrient uptake supports the view that all treatments provided 

an adequate, if not abundant, supply of essential macro- and micronutrients. 

The results provide no evidence to indicate that special starter, grower, 

and finisher formulations are necessary in the production of jack pine under 

optimum growing conditions. Under an assumed absence of nutrient supply stress, 

seedlings showed differences neither in morphological response nor in foliar 

nutrient uptake related to high-P starter or high-K finisher. In this regard, a 

simple 20-20-20 general-purpose formulation was just as effective as the 

"forestry" fertilizers for growing well balanced, vigorous seedlings. 

In none of the treatments do micronutrient levels appear to have been 

limiting to the growth or development of 12-week-old seedlings, despite the fact 



- 18 -

that supplemental micronutrients were not added to the general-purpose fertiliz 

ers. However, in contrast to the "forestry" fertilizers, Fe levels were clearly 

on the borderline of deficiency in the general-purpose fertilizers. Thus, it 

is probably advisable to add supplementary iron chelate when using the latter. 

It is concluded that all of the commercial fertilizers tested here are cap 

able of producing, at the rates specified, vigorous summer crops of 12-week-old 

jack pine container stock. Under conditions similar to those of this experi 

ment, the special "forestry" formulations do not appear to offer any particular 

biological advantage over general-purpose soluble fertilizers. However, there 

remains the possibility that different results might be obtained with winter 

crops, under less than optimum growing conditions, or in the production of 

larger seedlings. 

Comparison of intermittent with constant fertilization treatments shows 

that both approaches can give equally good results, although intermittent 

feeding requires that particular attention be focussed on the maintenance of 

optimum moisture conditions in the growing medium and on the adequacy of 

nutrient flushing. 
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APPENDICES 



Appendix I. Analysis Of II commercial fertilizer formulations used tor growing jack pine' 

make 

Fertilizer analysis (ft) 

Formulation Description0 urea XT M? Hn Fe Cu B Zn 

Peters 7-ao-i7 conifer starter 

Peters 9-45-15 Plant starter 

Pl. Prod. 10-52-10 Plant starter 

Pi. Prod- 11-41-B Forestry seedling 

starter 

40.0 17.0 0.15 

45.0 15.0 0.O5 

52.0 10.0 

41.0 6.0 0- 15 

0.03 0*20 0.03 0.015 0.03 0.003 

0.0031 0.05 0.0-036 0,0068 0.0025 0.0009 

0 --05 0-10 O.QS 0,02 0.05 0.0005 

0,05 0,20 0.05 0.02 0.05 0.0005 

Peters 20-7-19 

Pl. Pro3. 20-8-20 

Peters 20-19-1B 

Petera 20-20-20 

Pl. Prod. 20-20-20 

Conifer grower 7.00 11. 

Peter3 4-25-35 

Forestry 3eedllng 11.00 4.00 5.00 

special 

Peat-lite special 11.0B 3-75 5.20 

GenGra.1 purpose 10.43 3.96 5.61 

flil purpose 10.25 3.85 5.90 

Conifer finisher 

Pl. Prod. 6-20-30 Forestry seedling 

finisher 

2,06 1.04 

2.70 5.30 

0.025 0.06 0.005 

0.02 0.C5 0.0005 

O.02 0.0162 0.01 

0.0068 0.0025 0.0009 

0.02 0,05 0.0005 

0.025 0.06 O.0O5 

0.02 0.05. 0.0OO5 

a As given in rranufaccurers' brochures and bu Lie tins 

" Anmoiiiacal nitrog-en 

c Nitrate nitrogen 

d Rvailahle P2t>5 

e Soluble K20 



Appendix II. Fertilizer application rates by treatment 

a Intermittent fesd program (all other treatments on constant fertilization) 

b "Forestry" forrotf 3-At.ions 



Appendix III. Chemical analyses of irrigation water and peat: vermiculite grow 

ing medium 

Irrigation water3 

Growing 

medium'3 

a Sault Ste. Marie city water; samples taken 48 hours apart 

0 Sampled at filling line before beginning of experiment 

N = not measured 

4.06 

0.10 

N 

1.56 

0 

1.56 

1.30 

5.19 

1.83 

1.19 

0.046 

0.143 

0 

0.031 

0.002 

0.010 

N 

N 



Appendix IV. Growing medium analysis for 14 September (10 weeks from germination; following 20 applications of "grower" 

fertilizer) 



Appendix V, FoUar nutrient analyses tconcentration) 

15 August - 6 weeks 

1 

2 

3 

4 

5 

6 

7 

s 

9 

10 

3.3 

4. 1 

3.9 

4.1 

2.8 

3.6 

3.1 

2.6 

2.0 

2-9 

0.367 

0-399 

0.393 

0.401 

0.425 

0,450 

0.416 

0.452 

0.447 

0.421 

September - 10 weeks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2.4 

2.7 

2.5 

2,9 

2.5 

2.9 

2.5 

2.5 

2.5 

2.6 

0.351 

0. 392 

0.42B 

0.411 

0.402 

0.45B 

0.403 

0.383 

0^400 

0.379 

26 September - 12 weeks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2.2 

2.4 

2.3 

2.4 

2.3 

2.3 

2.4 

2.8 

2.5 

2.2 

0.347 

0.368 

0,370 

0.395 

0'.346 

0.369 

0.385 

0,366 

0.364 

0.363 

1.43 

1.32 

1 .25 

1.33 

1,45 

1.48 

1.48 

1.41 

1-54 

1.38 

1.49 

1 .36 

T.48 

1.40 

1.30 

1 .48 

1.36 

1.29 

1.36 

1 .36 

1. 18 

1-04 

1.09 

1.15 

1.01 

1.05 

1.17 

1.T.2 

1.21 

1.17 

0.234 

0. 142 

0.148' 

0. 148 

0.130 

0. 165 

0.152 

0.154 

(1. 176 

0.151 

0.378 

O.230 

0. 190 

0.224 

0. 198 

0.228 

0.222 

0.239 

0.229 

0.217 

0.296 

0.247 

0.221 

0,233 

0.251 

0.248 

0.244 

0.260 

0.234 

0.222 

0,223 

0. 164 

0.155 

0.162 

0.161 

0. 181 

0.174 

0.190 

0.190 

0.181 

0.239 

0.226 

0.182 

0,204 

0.207 

0.213 

0.213 

0-215 

0.223 

0.235 

0, 197 

0.176 

0.169 

0.200 

0.173 

0.191 

0,191 

0.214 

0.192 

0.178 

49.9 

57.3 

54.9 

54.4 

53-6 

58.9 

57. 1 

53.5 

63,8 

59,8 

50.1 

57.0 

57.7 

61.1 

59.3 

59.1 

72.e 

56.9 

73.0 

71.7 

52.8 

56.2 

55.5 

55.7 

53.6 

55.9 

62.8 

52.7 

62.3 

63.4 

200 

111 

T15 

1 TO 

102 

12a 

115 

T09 

127 

132 

lag 

154 

108 

149 

137 

141 

166 

150 

157 

150 

150 

109 

108 

110 

114 

114 

122 

123 

114 

111 

4.00 

3.83 

3.95 

3.56 

3.56 

4.27 

3.37 

3.77 

4.61 

4.26 

3.96 

5. 17 

6.28 

4.22 

4.52 

5.46 

5.11 

4.49 

5.58 

5.67 

4.72 

4.98 

4.46 

3.90 

4.04 

4.65 

5.22 

4.62 

4.94 
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