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ABSTRACT 

A series of 'operational trials in the aerial seeding of jack pine 
(Pinus banksiana Lamb.) was conducted in the boreal forest of north 

eastern Ontario between 1973 and 1975 to determine the combinations of 

degree of seedbed availability and seeding rate necessary to regenerate 

the species to desired stocking levels. From preliminary assessments a 

working definition of "receptive seedbed" was derived for seeding jack 

pine. This definition was used to assess site preparation on 11 seeding 

chances and to determine how much receptive seedbed was available. A 

Brohm seeder/fixed-wing aircraft combination was used to apply seed at 
prescribed rates of 10,000, 20,000 or 30,000 viable seeds per acre, and 

depositiori rates were assessed. Stocking and density assessments were 
conducted in each of the 3 years following seeding. First- and third-

year stocking and density results from the 11 seedings are presented and 

are related to various levels of receptive seedbed availability. 

Stocking is directly related to the amount of receptive seedbed 
available, more so Chan to the amount of seed applied. A receptive 

seedbed availability range of 15-35% per milacre is considered optimum 

but, because of operational constraints in achieving seedbed levels 

within this range on an area-wide basis, a receptive seedbed distribu 

tion standard Is proposed that will, in most cases, provide better-than-
adequate stocking levels while maintaining site preparation effort at 
acceptable levels. ■ 

Although the Ontario minimum stocking standard of 60% for jack 
pine can be achieved at virtually any seeding rate from 5,000 seeds per 
acre and up, the potential for achieving better results in most cases 
is limited with the deposition rates of less than 14,000 seeds per acre. 

Deposition rates approaching 30,000 seeds per acre provide lit 
tle stocking gain over deposition rates of approximately 20,000 seeds 
per acre except at very low levels of seedbed receptivity. Deposition 
rates of approximately 20,000 seeds per acre produce major stocking 
gains over deposition rates of approximately 10,000 seeds per acre 
Stocking increases between the first and third years after sowing 
usually occur and are often substantial. 

The relation of actual and potential densities to seedbed avail 
ability and seed deposition rates is discussed. Densities increase 
rapidly with increasing seedbed availability and may exceed 5,000 stems 
per acre at higher seeding and seedbed levels. The apparent influence 
or weather on stocking results is considered. Aspects of the sowing 
procedure requiring attention are noted. 

a «„<«£ Th°d °f predictlnS the P^bable range of stocking results on 
a seeding chance, once receptive seedbed availability has been determined, 
is described. Recommendations are made with respect to seedbed site 
preparation, seeding rate and re-treatment on operational seedings. 



RESUME 

Une serie d'essais operationnels d'ensemencement aerien de Pin 
gris (Pinus banksiana Lamb.) ont ete effectues dans la foret boreale 
du nord-est de 1'Ontario entre 1973 et 1975 pour determiner les combinai-
sons de degre de disponibilite de lits de germination et de taux d'ense-

mencement necessaires a la regeneration de l'essence aux niveaux desires 

de materiel sur pied. D'apres les evaluations preliminaires, une 

definition valable de "lit de germination receptif" a ete derivee pour 

l'ensemencement du Pin gris. Cette definition a ete utilisee pour 
evaluer la preparation de la station relativement a 11 possibilities de 

semis et pour determiner la quantite de lits de germination receptifs 

disponibles. On a utilise un seraoir Brohm combine a un aeronef a 

voilure fixe pour ensemencer a raison de 10,000, 20,000 ou 30,000 

graines viables a l'acre et l'on a evalue les taux de depot de graines. 
Des evaluations du materiel sur pied et de la densite ont ete effectives 

pour chacune des 3 annees subsequentes a l'ensemencement. L'auteur 

presente le materiel sur pied et la densite resultant des 11 semis 

apres un an et trois ans et il les associe aux divers niveaux de dis 

ponibilite des lits de germination receptifs. 

Le materiel sur pied est en rapport direct avec la quantite de 

lits de germination disponibles, davantage qu'a la quantite de graines 

deposees. Une gamme de disponibilite des lits de germination receptifs 

de 15 a 35% par milli-acre est consideree optimala, a cause des con-

traintes operationnelles quant a la realisation des niveaux de lits 

de germination a 1'interieur de cette gamme sur une base rSgionale, et 

l'auteur propose une norme de distribution des lits de germination 
receptifs qui, dans la plupart des cas, fournira des niveaux de mate 

riel sur pied adequats tout en maintenant les efforts de preparation 

des stations a des niveaux acceptables. 

Bien que la norme minimale de materiel sur pied en Ontario (60% 

pour le Pin gris) puisse etre obtenue virtuellement a n'importe quel 

taux d'ensemencement de 5,000 graines ou plus a l'acre, la possibility 
d'obtenir de meilleurs resultats dans la plupart des cas se trouve 
limitee si les taux de depot sont inferieurs a 14,000 graines a l'acre. 

Les taux de depots approchant 30,000 graines a l'acre fournis-

sent peu de gain par comparaison aux taux d'application d'approximative-

tnent 20,000 graines a l'acra, sauf dans les cas de tres faibles niveaux 

de receptivite des lits de germination. Les taux de depot d'environ 

20,000 graines a l'acre produisent d'importants gains de materiel sur 

pied coraparativement a des taux de depot d'environ 10,000 graines a 

l'acre. Des augmentations de materiel sur pied entre la premiere et 

la troisieme annees apres les semis se produisent habituellement et 

sont souvent substantielles. 

L'auteur disserte sur le rapport entre les densites reelles 

(et potentielles) et la disponibilite dea lits de germination et les 



taux de depot. Les densities augmentent rapidement en fonction directe 

de la disponibilite des lits de germination; elles peuvent exceder 

5,000 tiges a l'acre selon les niveaux plus eleves d'ensemencement et 

de lits de germination. II considere 1'Influence apparente du climat 

sur le materiel sur pied obtenu. II note certains aspects de l'ense-

mencement qui necessitent une attention particuliere. 

L'auteur decrit aussi une methode de prevision de l'eventail 
probable des resultats en materiel sur pied sur une possibility de 

semis donnee, une fois determinee la disponibilite de lits de germina 

tion receptifs. II fait des recommandations concernant les lits de 

germination, la preparation des stations, les taux d'ensemencement et 

le re-traitement des graines a utiliser. 
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INTRODUCTION 

Aerial seeding of jack pine (Pinus banksiana Lamb.) has been an 

operational regeneration technique in Ontario since the beginning of 

the 1960s. Since then the same basic technique has been used to treat 

several hundred thousand acres1, i.e., preparation of a seedbed followed 
by aerial broadcasting of jack pine seed. Most of this work has been 

carried out by fixed-wing aircraft/Brohm seeder2 combinations. 

Many fine jack pine stands have resulted from aerial seeding; 

most, it would appear, fall within the minimum stocking and density 

standards prescribed by the Ontario Ministry of Natural Resources (OMNR) 

(Anon. 1971).3 But the density of many, if not most, of these stands 
is highly variable, and well stocked areas are often interspersed with 

poorly stocked patches. As the need for more intensive forest management 
and for greater predictability increases, forest managers will have to 

become increasingly knowledgeable about the factors affecting success 
and the ways of manipulating them to provide the greatest likelihood of 
success. 

Scott (1966) identified rate of seed application, degree of site 
preparation, and weather as the three most important factors affecting 

the success of aerial seeding. Only the first two are within the direct 
control of the forest manager. In 1970 the Great Lakes Forest Research 
Centre (GLFRC), in cooperation with the Chapleau District, OMNR, under 
took a series of operational site preparation and seeding trials 
designed to determine the combination (or combinations) of these two 
factors most likely to produce desirable stocking and density, and to 
provide a management guideline for the aerial seeding of jack pine. 

Riley (1975) described the procedures followed in the first 3 years of 
trials and reported first-year results of the 1973 trial. The present 
report provides the first- and third-year results of 11 assessments 

conducted during the period 1973-1975 including both operational-scale 
trials by GLFRC and fully operational seedings by the OMNR district 
covering some 590 acres of scarified and seeded area. 

S.I. conversions provided in Appendix A. 

The identification of commercial products and equipment is solely 
for the information of the reader and does not constitute endorse 
ment by the Great Lakes Forest Research Centre. 

1 ^Desirable stocking" in the jack pine working group is defined as 
more than 60 percent" jack pine based on a milacre quadrat assess 
ment and desirable (number of) trees per acre" (i.e., density) is 
defined as "less than 5,000 jack pine and spruce". 



SITE DESCRIPTION AND TREATMENT 

All trials were conducted in one or the other of two widely sep 

arated locations within the Chapleau District of OMNR and within the 

Missinaibi-Cabonga Section (B.7) of the Boreal Forest (Rowe 1972) 

(Table 1). 

In 1973, and for two of three trials conducted in 1974, treat 

ment took place immediately west and south of The Shoals Provincial 

Park in the Cosens/Topham Townships area, midway between Chapleau and 

Wawa. The sites are typical outwash plains with deep, moderately dry 

to moderately fresh,11 sandy soils that supported good stands of mixed 
jack pine and black spruce (Piaea mariana [Hill.] B.S.P.) prior to log 

ging. Slash conditions varied from light to moderate with light cone 

crops present on both the pine and spruce slash. Depth of organic 

material (L, F and H layers) to mineral soil varied from less than one 

inch to as much as eight inches. 

Site preparation for the 1973 trial area was conducted using 

cement-filled shark-fin barrels for two of three treatments and a modi 

fied Sieco fireplow for the third (Riley 1975). Seedings took place at 

prescribed rates of 10,000, 20,000 and 30,000 viable seeds per acre. 

For the two 1974 trials in this area, two scarification treat 

ments were undertaken. In the first, a GLFRC demonstration, the same 

Sieco fireplow was used as for the 1973 trial. The second was conducted 

on an adjacent site where OMNR staff, using Young teeth mounted on a 

straight bulldozer blade, had undertaken an operational scarification. 

Because of a last-minute District decision, a mixed seeding of both 

these areas took place at a prescribed rate of 15,000 jack pine plus 

5,000 black spruce seed per acre rather than the requested 20,000 jack 

pine seed per acre. For reasons outlined later in this report, these 

two seedings, suitably identified, have been included as part of the 

20,000 seed per acre results. 

The final trial of 1974 and the 1975 trial were undertaken on 

operational jobs conducted by OMNR to the northwest of Ramsey. The 

1974 area, generally an undulating, deep, moderately dry to moderately 

fresh gravelly sand, was broken by shallowly covered bedrock outcrop-

pings. Pior to logging, the site supported a stand of jack pine with 

black spruce admixtures in the depressions and white birch admixtures 

or groves on the knolls and upper elevations. The 1975 site was similar 

in topography, soil, and previous stand characteristics to the sites at 

The Shoals Park although on both of the Ramsey sites the depth of 

organic material ranged up to approximately ten inches. Jack pine cone 

crops on these areas were light to moderate with the exception of the 

block sown at the 10,000 seed per acre rate in 1975 whsre the cone crop 

was heavy. 

After Hills (1952). 



Table 1, Summary of treatment data by year and operation* 

Trial Location 

year (Township) Scarification 

Prescribed 

seeding rate/acre 

Area 

treated 

(acres) Remarks 

1973 Cosens 

1974 

1975 

Topham 

Topham 

Edith 

Shark-fin barrels ) 

at 61 and 8' spacing, ) 

Sieco fireplow ) 

Sieco fireplow 

Ynung teeth 

Young teeth 

Hong Kong Young teeth 

10,000 jack pine 

20»000 jack pine 

30,000 jack pine 

15,000 jack pine 

5j 000 black spruce 

15,000 jack pine 

5,000 black spruce 

10,000 jack pine 

20,000 jack pine 

30,000 jack pine 

10,000 jack pine 

20,000 jack pine 

30,000 jack pine 

Total 
590 

a 
To nearest 5 acres. 

See Riley (1975) for treatment details 



Both sites were scarified using Young teeth/straight blade com 

binations. Seedings took place at prescribed rates of 10,000, 20,000 

and 30,000 viable seed per acre. 

Although different seed lots were used in each year, viability 

of jack pine seed was 95°i+ in all cases. All seed lots were Created 

with aluminum and latex. 

METHODS 

The same site preparation and seeding procedures were followed 

in all trials. Site preparation took place between midsummer and early 

fall. The amount of seedbed was assessed, aerial seeding with a Brohm 

seeder/fixed wing aircraft (Piper PA-ISA) combination was undertaken 

in early October, and a systematic trap layout was used to monitor 

seedfall. Stocking and density were assessed on each trial site in 

the late summer or early fall of each of the 3 years following treatment. 

After the 1973 trial it was determined that, with assessment 

being done by the milacre-by-tnilacre method (as described below), it 

was no longer necessary for GLFRC to conduct its own site preparation. 

Assessment of operational scarification and seeding by OMNR would pro 

vide the data necessary to establish the optimum seeding rate/seedbed 

availability combinations and to develop a working guideline for opera 

tional seedings. Consequently, three OMNR seedings, two in 1974 and 

one in 1975, were assessed. Another seeding, one to demonstrate the 

effectiveness of the 25% receptive seedbed/20,000 seed per acre 

"optimum" combination, which had been suggested from work conducted 

between 1970 and 1973 (Riley 1975), was undertaken by GLFRC staff in 

1974. 

Where possible the aircraft was guided by staff wearing fluo 

rescent orange vests. A partial control, i.e., a scarified but 

unseeded block, was set up in the 1973 area. This control, plus 

unscarified area on each of the treated sites, served as an indication 

of the effect of stocking from natural seed (cone crops). 

ASSESSMENT 

Site Preparation 

A correlation between degree of site preparation and stocking 

and density results requires quantification of the amount of seedbed 

available that is favorable to the germination, survival and establish 

ment of jack pine seedlings. Work in the trials prior to 1973 resulted 

in the development of a working definition for such "receptive seedbed". 



In the trials being reported upon here, "receptive seedbed" was con 

sidered to be: 

(i) exposed mineral soil with a firm base, or 

(ii) a thin (<_ \ in.) duff/mineral soil mix which 

would readily settle to a firm base, or 

(iii) firm mineral soil with a very thin duff cover, 

generally not more than £ in. thick. 

Mounded mineral soil, inverted sod layers, upturned stumps with mineral 

soil, etc., were not considered receptive seedbed. Excessively deep 

scalping, e.g., to the C horizon, produces a nutritionally poor seedbed 

which, though technically still mineral soil and tallied as such in the 

assessment, is a seedbed medium to be avoided wherever possible. 

Scalping to or just below the organic/mineral soil interface seems to 

be the ideal scarification treatment. 

In the assessment procedure, approximately one chain of contin 

uous, milacre transect was established for each acre of area scarified, 

I.e., a 1% sample. Transects were established systematically and were 

run, where suitable, perpendicular to the general direction of the 

scarification. Flagged pins were located at each one-chain interval 

to permit relocation of the line. With the chain serving as a centre 

line, the above definition was applied and the amount of receptive 

seedbed on each milacre plot along the transect was recorded in 10% 

classes, except for the first class. This class, 0-5% (up to 2 

square feet) of the plot in receptive seedbed, was considered to be 

unscarified for purposes of the assessment, I.e., it constituted insuf 

ficient seedbed area to offer any reasonable opportunity for seed 

catch and therefore was classified as 0% receptive seedbed. Seedbed 

assessment took place just prior to seeding or in the spring of the 

year following seeding. 

Seedcast 

Although seeding rate is set through calibration of the seeding 

unit in the aircraft (Worgan 1973), seed traps were set out to assess 

uniformity of coverage and to determine deposition rates. 

Small wooden traps, measuring 21 in. on a side and giving 

1/15,000 acre trapping area (Foreman and Riley 1979), were set out in 

two parallel lines at £-chain intervals along the lines just prior to 

seeding. The two lines were set several chains apart and were arranged 

perpendicular to line-of-flight direction. Seed counts were made 

immediately after seeding was completed. 



Stocking and Density 

The sample lines established for seedbed assessment were pre 

cisely relocated and the same milacre plots were resurveyed annually 

for stocking and density. Seedling occurrence was noted as being on 

receptive seedbed (as defined) or not. Stocking, i.e., tree occurrence 

only, was recorded for each milacre along the sample line. Density, 

i.e., the number of trees occurring, was determined on the milacre 

plot at each i-chain interval along the sample line. The occurrence 

of conifer species other than jack pine was also noted. 

Weather 

Weather data in this report are those obtained from the OMNR 

offices at Chapleau (for The Shoals Park, area) and at Ramsey.5 

RESULTS 

Site Preparation 

Table 2 shows, by prescribed seeding rate, and for all years and 

seeding rates combined, the number of milacre plots sampled in each 

seedbed class, the percentage of plots sampled falling into each class 

and the percentage of the total receptive seedbed occurring in each seed 

bed class, either through harvesting activity or through the prescribed 

site preparation treatment. (Appendix B gives the number of sampled 

milacres for each seedbed class on each seeding operation.) The multi 

plier used to calculate the percent seedbed in each class is simply the 

midpoint of the class except in the case of the 0-5% class which, as 

explained earlier, was considered unreceptive. 

In all cases, at least one third of all the plots fell within the 

"no seedbed" class. In all cases also, the first two seedbed classes 

combined (i.e., 0-15%) contained over half of all plots. It will be 

shown below that stocking success is directly related to the amount of 

receptive seedbed available and that very low amounts of receptive 

seedbed seriously affect the likelihood of a milacre becoming stocked. 

Seedaast 

Seed trappings Indicated catches that, with only two exceptions 

In 10 Individual seedings, were consistently below the prescribed 

seeding rate (Table 3). Ironically, one of the two catches which did 

match or exceed the prescribed rate was the seeding of 1974 in Tophara 

Township (Sieco) where a seeding rate of 15,000 jack pine and 5,000 

5 As recorded in the weather data records of the Forest Fire Research 
Project, GLFRC. 

° No trapping conducted on Tophara, 1974 (Young teeth) seeding. 
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black spruce per acre was prescribed. Virtually no black spruce seed 

was caught in that seeding and the catch figure includes jack pine seed 

only. (The lack of black spruce catch may reflect the segregation that 
normally occurs when particles of unequal size and density in mix are 

subjected to vibration, as is the case in aerial applications. In this 

case the lighter and smaller black spruce seed would have "risen" in 

the batch, with the jack pine settling toward the feed auger at the 

bottom. As a result jack pine would have been sown early (as was the 

case here) with only minute quantities of black spruce seed being dis 
tributed. This would also account for the higher than prescribed catch 

of jack pine observed.) 

Table 3. Seedcatch data (seed/acre). 

Prescribed seeding rate 

Mean 7,950 18,950 25,140 

Mean catches were 7,950, 18,950 and 25,140 seeds per acre at 

prescribed seeding rates of 10,000, 20,000 and 30,000 seeds per acre, 

respectively, but catches varied widely within each seeding rate. A 

sub-study undertaken in 1975 (Foreman and Riley 1979) showed that short 

falls between prescribed and deposited rates are real and predictable 

and should not be considered the result of inadequate sampling procedures. 

Such discrepancies are, for the most part, the result of imprecise 

seeder calibration and flying procedures (Foreman and Riley 1979, Silc 

and Winston 1979). Hence, any prescribed rate can be considered "nominal" 

only. 

Stasking 

Table 4 shows first- and third-year stocking percentages for 

each seeding job and the mean for all jobs at each prescribed seeding 

rate. Despite generally unacceptable stocking levels one year after 

seeding, stockings were, with one exception, above or very close to the 

minimum stocking standard by the third year after seeding. With but one 



exception, the relative stocking success position of each seeding 

within a seeding rate did not change between first- and third-year 

assessments. 

Table A also shows the percentage change by job and seeding 

rate and the mean percentage changes in stocking that occurred between 

the first and third assessments after sowing. Stocking increased in 
all oases. In most the increases were substantial. Apparently, 

delayed germination and natural seeding have compensated for seedling 

mortality and have provided a net increase in stocking. Since two of 

the three site preparation techniques used, namely the fireplow and 

the Young teeth, tend to move cones away from prepared seedbed and 

leave relatively few in a position where their seed can contribute to 

stocking, it must be assumed that delayed germination of applied seed 

is the major contributor to these overall increases. 

Beyond this there appears to be little substantive information 

or practical guidance that can be drawn from a direct comparison of 

overall stockings, either within or between seeding rates. Anomalies 

occur and there are few recognizable relationships. The reason for 

this is straightforward. Mean stocking and individual job stocking 

camouflage the picture considerably since, in a normal assessment, lit 

tle or no account is taken of the amount and distribution of receptive 

seedbed available at the time of seeding, the amount of seed actually 

applied, or the weather conditions prevailing between seeding and the 

time of assessment and the effect that these factors have on stocking 

achieved. 

Further analysis of the assessment data does, however, provide 

greater insight into these relationships. The following six figures 

indicate the amounts of receptive seedbed required to obtain various 

stocking levels one and three growing seasons after sowing with the 

particular aircraft/seeding device combination used throughout the 

trials. 

The curves are developed from the regression equation:7 

Each of Figures 1-6 is made up of five curves which represent stockings 

to be obtained from a range of growing conditions from "bad" to "good" 

(growing conditions, mainly weather but also microsite, being reflected 

in the q values of the equation). The uppermost and lowermost curves 

indicate the best and worst stockings obtainable under the range of 

growing conditions encountered in the trials. The middle curve indi 

cates mean stockings to be obtained under average growing conditions 

7 The derivation and use of the equation are discussed in Appendix E. 



Table 4. First and third year stocking results and percent change in stocking between first- and 

third-year assessments. 

Percent change 

10H 20M 30M 

Mean 

Change 

+53.0 +30.5 +19.9 +34.5 

+12.4 +12.4 

+25.9 - +25.9 

+62.4 +47.0 +62.8 +57.4 

+37.5 +11.1 +15.4 +21.3 

Mean 38.6 57.7 53.5 58.7 72.3 70.0 +51.0 +25.4 +32.7 +34.4 

Control 19,3 28.6 48.2 
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Figure 2. Stocking probability curves for a range of growing conditions by seedbed availability 

class for a deposition rate of 20,000 seeds per acre one year after seeding. 
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Figure 3, Stocking probability curves for a range of growing conditions by seedbed availability 
class for a deposition rate of 30,000 seeds per acre one year after seeding. 
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class for a deposition rate of 30,000 seeds per aero three years after seeding. 
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while the two remaining, intermediate curves represent mean stockings 

+ one standard deviation (of q). This last indicates that there is a 

65% probability that stocking will fall between these two curves and 
an 82.5% probability (more simply, in four seedings out of five, or 

80% of the time) that stocking will occur above the lower of the two 
curves. 

Figures 1-3 show stocking curves for actual seeding rates of 
10,000, 20,000 and 30,000 seeds per acre (selected to correspond to 

the prescribed rates of the trials) one growing season after sowing at 
various levels of seedbed availability. Figures 4-6 show similar 

curves for the third growing season after sowing. In each case the 

stocking shown for a given percentage of receptive seedbed is derived 
from all the plots occurring in the selected seedbed class, i.e., the 
stocked plots to total plots (in the class) ratio. The curve is not 

extended to the Y-axis since a Y-Intercept would imply a specific 

stocking for zero receptive seedbed. In fact, seedbed values for this 
class range up to 5%. Much of the stocking which does occur in this 
class is found on the small patches of receptive seedbed available and 
the contribution to stocking from plots with no receptive seedbed, or 
defined non-receptive seedbed, is much lower than would be shown by an 
extension of the curves to the Y-intercept. 

At the lower levels of receptive seedbed availability, stocking 
generally increases rapidly with relatively minor increases in receptive 
seedbed. The rate of stocking increase declines rapidly, however, as 
seedbed availability continues to increase. The curves tend to level 
off at intermediate and higher levels of receptive seedbed, indicating 
little gain In stocking even with major increases In receptive seedbed 
availability. 

It is apparent that, for a given level of receptive seedbed 
availability and with equivalent growing conditions, there are stocking 
gams to be had by increasing the amount of seed applied but the gains 
decrease significantly as the seeding rate becomes progressively 
greater. It is apparent also from the curves that stocking increases 

with time, a further illustration of the trends shown in Table 4. 

Analysis of the limited amount of control data8 shows (Table 4) 
that the stocking achieved on scarified but unseeded areas, i.e. from 
natural seeding, is far below both the overall stockings of seeded 
areas and the minimum stocking standard. Of the plots stocked most 
were stocked with trees growing on the available receptive seedbed. 

Trees found on non-receptive seedbed were few and thus the con 
tribution made to overall stocking by non-receptive seedbed was very 

8 
Data available for first and second growing seasons after sowins 
only. 6 
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limited. Of the 2429 stocked plots assessed on the seeded areas after 
one growing season, 184 were found to have trees on non-receptive 

seedbed only. As a result, the contribution to stocking of such plots 
I just 7.62. By the third year this contribution had increased to 

10.1%. Throughout the assessment it was observed that the percentage 
of plots stocked with trees on both receptive and non-receptive seed 
bed is very limited and does not likely exceed that for stocking on 
non-receptive seedbed alone. Thus, in these trials, the total number 

of plots with trees on both receptive and non-receptive seedbed is 
unlikely to be more than approximately double the number of plots with 
trees on non-receptive seedbed only. 

The poor stocking that occurs on non-receptive seedbed is 

illustrated in Figure 7. The photograph, taken in X978, shows a seg 

ment of the Cosens 1973 seeding chance. To the left, there was no 

site preparation and only minimal stocking after 5 years whereas to 

the right, receptive seedbed availability was moderate and stocking was 
high. Both areas were sown at a prescribed seeding rate of 30,000 
seeds per acre. 

Figure 7. Stocking results on modified Sieco fireplow site preparation 

(to right) and on unscarified ground (to left). Both areas 

have been seeded at a prescribed rate of 30j000 seeds per 

acre. 
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Natural stocking by other species, principally black spruce, 
contributed relatively little by the third year after seeding. On aver 

age 5.2% of all plots were stocked to spruce. The range of spruce stock 
ings over all jobs was <l-9.4%. This indicates that spruce would be 
only a minor component of the new stands if indeed it survived the sup 

pression of the much faster growing jack pine. On average the stockings 
in Table 4 are increased by only 2.4% as a result of natural spruce 
seedlings or layerings remaining from the previous stand, i.e., from 
plots stocked to spruce only. 

Density 

Because the number of plots sampled for density was much lower 
than the number sampled for stocking, fewer conclusions can be drawn 
from the information. The data are presented to provide the manager with 
some insight into density trends at the different seeding rates and the 

effect that increasing amounts of receptive seedbed and the passage of 
time have on density. 

Because the numbers of plots assessed for individual seedbed 
classes on each job were relatively limited, all seeding jobs at each 
seeding rate have been combined for this analysis. Table 5 indicates the 
frequency distribution of milacres assessed by seedbed class and gives 
tree densities per milacre and per stocked milacre for each seedbed 
class one and three years after sowing. First- and second-year data are 
given for the control plot established in Cosens Township. 

The expected trend toward increased densities as the amount of 
receptive seedbed increases is readily evident. Less expected were the 
substantial increases in density which occurred between the first- and 
third-year assessments. This was the rule rather than the exception, as 
in only 4 out of the 36 seedbed cases shown was there a decrease. These 
increases support the similar increases observed in stocking and would 

seem to confirm the influence of delayed germination suggested earlier. 

Density increases are clearly established as the sowing prescrip 
tion increases from 10,000 to 20,000 seeds per acre. This is true of all 
seedbed classes in both the first and the third years. Less clearly 
established is the relationship between densities at the 20,000 rate and 
the 30 000 rate. It is true that seed catches showed a smaller increase 
than the 50/o prescribed (i.e., 18,950 to 25,140 seeds per acre) but 
substantial additional seed was sown which should be reflected in higher 
densities at the 30,000 rate. In spite of this the 20,000 rate shows 
higher densities in the 20% and 30% seedbed classes than does the 30 000 
rate, and the overall density per milacre, and hence per acre, is higher 
for the 20,000 rate. The reason for this is unknown but the Question 
may be largely academic. The density levels attained would seem to be 
adequate or more than adequate by the third year in all seedbed classes 
at all seeding rates. The only cause for concern may be that density is 
too high. J 
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The increases in density which occur as one moves from the 

average for all plots in each seedbed category to the average for 

stocked plots only are also shown and follow the same trends as dis 

cussed above. For example, the third-year density in the 20% seedbed 

class at 20,000 seeds per acre on all plots, stocked or not, was 4900 

seedlings per acre. For stocked plots only the density was 5500 seed 

lings per acre. The obvious implication is that, as seedbed avail 

ability and distribution increase, there will be corresponding increases 

in density per acre. 

In the case of the control block, densities were generally 

lower. The disproportionately high densities per milacre and per stocked 

milacre which occur in the 10% and 30% seedbed classes in the first year 

(they are higher than the parallel numbers for the 10,000 rate) are the 

result of cone clumps which released substantial quantities of seed on 

two milacres. Without these two milacres, densities per acre after one 

year would have been 100 and 1100 seedlings per acre, respectively, 

rather than 400 and 2800. By the second year overall density per acre 

had increased to 700 whereas the average number of trees per stocked 

milacre had decreased to 2.3. The situation after the third growing 

season is unknown but again the question would seem to be academic 

since so few of the milacres on the control block were stocked (see 

Table 4). 

Weather 

Tables 6 and 7 show monthly (May-September) rainfall and temper 

ature data for the seeding sites for the years 1974-1976 inclusive. 

Normals are as provided by the Department of the Environment (Anon. 

1973). The Chapleau data are used for the Cosens and Topham Township 

sites, approximately 25 miles away, and the Ramsey data for the Edith 

and Hong Kong Township sites, some 10 miles away. 

It can be seen from Table 6 that in 1974 the overall May-

September rainfall was slightly higher than normal and that for the 

critical June-August period actual rainfall was virtually identical 

with the normal but was spread over 41 days rather than the normal 34 

days. In 1975 data are incomplete but during the June-August period 

actual rainfall was much less than normal (41% and 65% for Chapleau and 

Ramsey, respectively) and occurred over roughly three-quarters of the 

normal number of days. In 1976 rainfall at Ramsey was lower still, 

being approximately one-third of normal. 

Daily mean maximum temperatures at noon in each year (Table 7) 

were generally below the Department of the Environment daily mean 

maxima but, from the observed temperature ranges, it is apparent that 

some very high maximum readings occurred during July and August of 1975 

and 1976. 



Table 6. Actual and normal rainfalls in vicinity of seeded areas during first growing season after 

seeding-

Weather 

station 

Rainfall (inches) 

Hay June July Augus t September Total 

Actual 

Insufficient data to provide a monthly reading. 

Data for period June 7-30 only. 

Based on June, to August normals. 

As provided by Environment Canada (Anon. 1973). 

M 
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* Insufficient data to provide a monthly reading. 

Data for period June 7-30 only. 

b 
Mean daily maxima and minima for month. 
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DISCUSSION 

It is presupposed in this discussion that the primary objective 

of the forest manager In undertaking an aerial seeding operation for 

the regeneration of jack pine is acceptable stocking results at reason 

able cost. This report, and this section in particular, is designed to 

assist the manager in achieving this goal. 

Seedaast 

It must be re-emphasized that actual seed depositions rarely 

meet prescribed seeding levels. When following the method described 

below to estimate expected stockings, the manager should use actual seed 

deposition values (to the nearest thousand seeds per acre) rather than 

prescribed seeding rates. Ideally, seed deposition rates should be 

determined by trapping at the time of seeding. If this is not possible 

an approximation of the deposition rate can be obtained from Foreman and 

Riley (1979), who showed that, under current operational practice, 

deposition rates can average 20-25% below prescribed rates. These values 

(e.g., a deposition rate of 15,000-16,000 seeds per acre at a prescribed 

rate of 20,000 seeds per acre) may be used for the selection of stocking 

probability values and should provide reasonable stocking estimates. In 

estimations of seed deposition the shortfall should be reduced only when 

it is known that a high degree of care will be taken In calibration and 

flying procedures ov when the seeder has been calibrated for a given 

swath width but the swath width actually flown is deliberately reduced. 

For example, Foreman and Riley (1979) showed that for a calibrated 

swath width of 75 feet, the deposition rate increases to approximately 

100% of the rate prescribed as the flown swath width approaches 60 feet. 

In the following discussion all seeding rates referred to denote 

deposition rates unless otherwise specified. 

Stocking 

The results presented above have firmly established that stocking 

tends to increase substantially between the first and third years after 

sowing. Therefore, it is appropriate to concentrate this portion of the 

discussion on third-year results, those to be achieved toward the end 

of the establishment period. 

Figures 4-6 show various levels of stocking expectation after 

three growing seasons at each of three deposition rates. Further inspec 

tion of these figures provides additional Insight Into the relationship 

between seeding rate and stocking. 

If Figures 4 and 5 (10,000 and 20,000 rates) are superimposed it 

will be seen that the mean curve of the 10,000 rate almost exactly co 

incides with the 80% probability curve of the 20,000 rate. Further, all 
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curves of the 10,000 rate fall below the mean curve of the 20,000 rate. 

From this it is suggested that a deposition rate of 10,000 seeds per 

acre will almost always provide poorer stocking results than a deposi 

tion rate of 20,000 seeds per acre. From a comparison of the mean 

curves the average stocking differential between the two rates, three 

years after sowing, is approximately 19% within the operationally feas 

ible receptive seedbed range (<45%). 

If Figures 5 and 6 (20,000 and 30,000 rates) are superimposed 

the relationship between these two seeding rates is much less clearcut. 

While there is a stocking advantage to be had by applying 30,000 rather 

than 20,000 seeds per acre, the advantage is much less pronounced than 

that for the 20,000 rate over the 10,000 rate. The average stocking 

differential between the two rates, three years after seeding, is approx 

imately 7% within the operationally feasible receptive seedbed range. 

In both cases the greatest stocking gains to be had from increas 

ing seeding rate are found at the lowest seedbed levels. The gains 

become increasingly smaller as seedbed availability increases. In 

comparison with the 10,000 rate, the 20,000 rate gives average stocking 

gains of 26%, 17% and 11% at seedbed levels of 10%, 302 and 50%, respec 

tively. The gains for the 30,000 rate over the 20,000 rate are 12%, 

5% and 1%, respectively for the same seedbed levels. Absolute stocking 

levels obtainable would appear to justify the selection of a sowing rate 

of 20,000 rather than 10,000 seeds per acre. On the other hand, abso 

lute stocking levels attainable at a sowing of 20,000 seeds per acre and 

the relatively minor gains to be had from applying 30,000 seeds per acre 

would seem to make the application of the higher rate of questionable 

value. This, plus the findings of Foreman and Riley (1979) concerning 
seed distribution, suggest that application rates much beyond 20,000 

seeds per acre may be wasteful of seed when the Brohm seeder is used. 

From the results it would appear that the forest manager can 

almost invariably expect to observe stocking increases on a seeding 

chance with the passage of time. Moreover, stocking increases may con 
tinue for a number of years. Sutton (1979) suggested that, although 

there appears to be nothing in the literature on the duration of delayed 

germination, the chances of germination from applied or residual natural 
seed after five or more years would seem very slight. Nevertheless, he 

observed continued ingress of jack pine seedlings beyond this period on 
a plantation near Sultan, Ontario, on which only light slash loadings 

were left after harvesting. Sutton found that 53% of planted trees, six 
years after planting, were bearing cones and that 33% of all planted 

trees bore open cones. After a seeding operation, therefore, eight-year-

old trees might be expected to be adding new seed, thereby providing the 

opportunity for further increases in stocking as long as some suitable 

seedbed and openings of sufficient size are available. 
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Lyon and Thomson (1979) also found continued jack pine ingress 

on a burned and aerially seeded site in the Nipigon area. Their obser 

vations recorded an increase in stocking of 10% between the sixth and 

seventeenth years after seeding where stocking at the sixth year was 

only 55%. Neither the Sutton report nor the Lyon and Thomson report 

attempts to describe the seedbed condition on which seedlings occurred. 

One point would seem to be clear from these trials and this dis- -

cussion of jack pine ingress. Jack pine stocking is likely to be at its 

lowest at the end of the first growing season after seeding. High early 

stocking should be the prescribed goal to obtain a high level of utiliza 

tion of site potential and to take advantage of associated growth and 

form benefits. But the manager should use caution in deciding to re 

treat marginal or "grey area" stockings too soon after the original seed 

ing. 

Site Preparation 

In order to develop further the relationships among seeding rates, 

seedbed availability and stocking, the following assumption has been made. 

If for a given seeding rate) the stocking level is deemed to be satis 

factory on milacres with, say, at least 20% receptive seedbed, then 1000 

milacres, each scarified to the same degree, should provide satisfactory 

stocking on an acre as a whole. A similar situation should exist if all 

milacres on an entire work site are also scarified to a minimum of 20%. 

(It is assumed that seed distribution is reasonably uniform.) 

Stocking probability values similar to those shown graphically in 

Figures 1-6 are presented in tabular form in Appendix C. The stockings 

to be achieved from given levels of receptive seedbed availability over 

a range of "good" and "bad" growing conditions are shown for seeding rates 

from 5,000 to 30,000 seeds per acre for both one and three growing seasons 

after sowing. 

Any stocking goal is, of course, the decision of the individual 

forest manager. The tables and the following discussion of site prepara 

tion considerations should be of use in attempts to attain such a goal. 

If the aim is to achieve at least 80% stocking on average by the third 

year, the mean values of Table C2, Appendix C, show that at least 35% 

receptive seedbed per milacre (the division between the 30% and the 40% 

seedbed classes) Is required up to a deposition rate of 11,000 seeds 

per acre. From 12,000 to 14,000 seeds per acre, at least 25% receptive 

seedbed is required per milacre and it is not until 23,000 or more seeds 

per acre are deposited that receptive seedbed requirements drop below 

15%. Similarly, If the aim is to achieve at least 60% stocking in most 

cases (i.e., four times out of five), the 80% probability values can be 

used. In such cases at least 35% receptive seedbed per milacre is 

required up to a deposition rate of 13,000 seeds per acre. From 14,000 
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to 17,000 seeds per acre at least 25% receptive seedbed per milacre is 

required and only when the seeding rate reaches 27,000 seeds per acre 

does the seedbed requirement drop below 15%. 

As has been emphasized, these relationships are based on the pre 

mise that all 1000 milacres of an acre are scarified to the selected 

level of seedbed preparation. Clearly this is not practical in field 

operations. However, the extreme imbalance (to the lower end of the 

scale, see Table 2) of seedbed preparation obtained over the course of 

these trials with a variety of site preparation tools is highly unsatis 

factory. Common sense tells us that it is futile to attempt to regener 

ate a new stand from seed without providing adequate quantities of 

receptive seedbed properly distributed. If, to avoid the use of high 

seed deposition rates, at least 15% of a plot must be in receptive seed 

bed for that plot to have an acceptable chance of becoming stocked, 

then it is quite clear that over half of the milacre plots in these 

trials had unacceptably low stocking probabilities. 

While it may not be practical to prepare 100% of all milacres 

to minimum seedbed levels, there must be a concerted effort to minimize 

the number of milacres on a seeding job with unacceptably low stocking 

probabilities, i.e., those which fall into the 0-15% seedbed classes. 

For reasons of cost and perhaps exposure, one should avoid preparing too 

many milacres to very high levels of seedbed. A limit of 35% receptive 

seedbed per milacre is suggested as the maximum for which to strive. 

It should be evident to the practitioner that, not only is it 

not feasible to prepare all milacres to a certain level of receptive 
seedbed, it is also not feasible to ensure, at least operationally, that 

all milacres are even scarified. It Is recommended, therefore, that the 

site preparation goal be one in which most milacres on a seeding chance 

fall above the 15% seedbed level and that most of these fall within the 
16-35% seedbed range if acceptable overall stocking levels are to be 

obtained within an economical seedbed availability range and at reason 
able seeding rates. 

It must be recognized that it is, in fact, available area of 

seedbed per milacre that is of concern rather than percentage of avail 
able seedbed per milacre. The milacre was the sample plot size selected 

for these trials and, as long as all sampling was conducted on the basis 

of milacre plots, percentages could be used in comparisons. For differ 
ent plot sizes, of course, the actual area of seedbed available must be 

calculated and the receptive seedbed percentages of the tables in Appen 
dix C converted to area as well if the tables are to be used. For 

example, one milacre equals 43.56 square feet. A 20% seedbed availability 

indicates that there are 8.71 square feet (43.56 x .20) of seedbed on 
that milacre. For any given set of table values, the 8.71 square feet 
gives a certain stocking probability which will be constant regardless of 
plot size but, for plots of other than milacre size, the percentage of 
available seedbed will be something other than 20%. 



Plots are the means by which the effectiveness of the seedbed 

preparation operation is assessed. In this case the milacre was used 

because it is a common assessment unit and because, with adequate 

sample, it readily indicates to the manager if enough of his area is 

properly prepared and if the seedbed is sufficiently distributed through 

the area to enable proper utilization of the site's potential. It is 

for this reason that overall seedbed percentages should be used with 

caution when the success of a site preparation operation is being deter 

mined; e.g., knowing that an area is scarified to 25% receptive seedbed 

is of little value if, in fact, it means that one quarter of the area 

has been prepared to 100% optimum seedbed while the remainder has 

received no preparation. In the assessment of a site an adequate and 

representative sample of the whole area must be taken. 

As has been noted, the tables in Appendix C provide stocking prob 

abilities for given levels of available seedbed per milacre over a range 

of "good" and "bad" growing conditions. Potential overall stocking for 

an area would be the weighted stockings of all plots in all seedbed 

classes for any selected seeding rate and growing condition level. 

Table 8 shows the probable third-year stocking ranges that would 

have been determined from Appendix C prior to seeding, using the approp 

riate receptive seedbed availability values from each seeding chance 

(Appendix B), and compares them with the third year stockings actually 

achieved. In seven of the 11 seedings, actual stockings were very close 

to estimated stockings for the weather conditions encountered. In three 

of the 11 seedings, actual stockings differed from the estimated stock 

ings9 but in each case stocking was well above the 80% probability level 
estimation. In only one of the 11 seedings was actual stocking below the 

80% probability estimation. The method therefore seems to be a valid 

means of estimating the range of stockings to be obtained from aerial 

seeding of jack pine and the tables can be used by the manager for the 

following purposes: 

1) to estimate the stocking range that should be expected 

for any deposition rate that may be selected, before 

seeding occurs. 

2) to estimate the stocking range that should be expected 

from the deposition rate actually used. 

3) to determine, after one growing season, if satisfactory 

progress is being made toward the attainment of the 

third-year stocking goal. 

On one of these seeding chances (Hong Kong, 1975-7200 seeds per acre 

deposited) the stocking is much higher than expected for the poor 

weather conditions encountered. It is known that on this particular 

site the ground was generally fresher than it was in the surrounding 

area and there was a high cone loading. No explanation is available 

for the apparently aberrant stockings in the other two cases. 



R. Competition of actual and estimated thlrd-yumr stockings. 
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An example of the procedure to be followed In making these de 

terminations is given in Appendix D. For 1) above, an adequate know 

ledge of the amount of seedbed available in each of the seedbed classes 

is required. A 1% sample of the seeding chance Is recommended for the 

purpose. For 2) above, the same seedbed information plus a reliable 

estimate of the amount of seed actually applied is required. For 3) 

above, the information for 1) or 2) is required as well as a reliable 

estimate of overall first-year stocking on the seeding chance in ques 

tion. No. 3 above is possible because the first- and third-year q 

values obtained from these trials are positively correlated (correlation 

significant at the .05 level). This means that a stocking "success" 

after one year is likely to remain a stocking "success" after three 

years and, similarly, a stocking "failure" after one year is likely to 

be a stocking "failure" after three years, "Success" and "failure" are, 

of course, dependent on the level of stocking required by or acceptable 

to the forest manager. 

At present there is no formalized standard for receptive seedbed 

levels in Ontario for aerial seeding of jack pine. The need for a 

standard Is real. It would provide a guideline for attaining at least 

minimum stocking levels, and a basis for the development of performance 

requirements in site preparation contracts. It would also enable the 

forest manager to determine, during the site preparation operation, if 

a contractor and/or equipment are achieving the levels of receptive 

seedbed required for a desired level of stocking. 

Consequently, the following standard, based on the findings of 

these trials, is proposed for the control of site preparation operations 

for the aerial seeding of jack pine in northeastern Ontario. 

1) Milacres with 0-5% reoevtive seedbed shall not exceed 

20% of the total number of milacres sampled. 

2) Milacres with 6-15% receptive seedbed shall not exceed 

20% of the total number of milacres sampled. 

3) Milacres with 36-100% receptive seedbed shall not exceed 

20% of the total number of milacres sampled. 

4) Milaares with 16-35% receptive seedbed shall not be less 

than 40% of the total number of milacres sampled. 

To be effective this standard must be based on the definition of recep 

tive seedbed as provided earlier in this report. Site preparation in 

accordance with the standard will provide an overall receptive seedbed 

level of approximately 25%. 

The standard, which could be designated the "20/20/40/20 standard", 
is a working standard and is operationally practicable. Appendix A shows 
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that the seedbed breakdown for the 1974 Sieco fireplow treatment in 

Topham Township is 22/20/38/20 and for the 1974 Young teeth treatment 

in the same township it is 22/18/30/30. The Sieco operation conforms 

almost exactly. In the Young teeth operation the uppermost level is 
high but the critical low seedbed level area is virtually according to 

prescription. Reference to Table 4 reveals that these two operations 

also provided the best stockings of the 11 areas in the trials, 84.0% 
and 83.6%, respectively. None of the other operations approaches the 
requirements of the standards. 

Table 9 shows the actual stocking achieved on each seeding oper 
ation and the stocking that would have been achieved had the criteria of 

the site preparation standard been met. Stockings would have been 

higher in all cases but one had the standard been met. In some cases 
the percent increase would have been very limited but in others it would 

have been quite substantial. The limited gains of the two Topham seed-
ings occur, of course, because the seedbed distribution is very close to 

the standard. The limited gain of the Hong Kong, 1975 (30,000) seeding 
and the reduction in the Edith, 1974 (10,000) seeding are due to their 
having >30% of the milacres in the 36%+ seedbed range. This tended to 
offset the moderately high levels that occurred in the 0-5% seedbed 
class with the result that adherence to the standard could not be 
expected to improve substantially the actual stocking achieved and, as 
is evidenced, might even reduce stocking. As noted previously, one must 

avoid the unnecessary expense of creating higher seedbed levels and the 
possibility that the expanse of seedbed created may be so great that 

germinant survival may be endangered in terms of marginal temperature 
and moisture conditions. With the exclusion of the Topham 1974 seed-
ings (because they are virtually in accordance with the standard), 
average percentage changes in stocking by applying the site preparation 

standard to the remaining seedings were 7.5%, 9.9% and 13.3% for pre 
scribed sowing rates of 10,000, 20,000 and 30,000, respectively. 

Weather 

Weather is the single most critical element of success beyond 
the control of the manager. It could mean the difference between suc 
cess and failure no matter how well controlled the regeneration opera 
tion may otherwise have been. It must be recognized that the predictive 
value of the tables in Appendix C is tied directly to the weather con 
ditions encountered on these trials. The several years of the trials 
have, however, covered a range of weather conditions from generally 
unsuitable for good survival to quite normal. Therefore, the tables 

can be used with a fair degree of confidence to estimate probable stock 
ings on future aerial seeding operations. Only weather extremes beyond 
those encountered should reduce the value of the tables for predictive 
purposes. 
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Table 9. Comparison of actual and "standard" stockings, three 

growing seasons after sowing. 

All 7.5 

20,000 

All 6.7 

30,000 

Cosens, 1973 

Edith, 1974 

Hong Kong, 1975 

All 

73.6 

70.6 

60.0 

83.6 

86.9 

61.9 

+13.6 

+23.1 

+ 3.2 

+13.3 

a 
From Table 4. 

Calculated according to the method shown in Appendix D. 

The 40% of plots in the 16%-35% seedbed grouping and the 

20% of plots in the 36%-100% seedbed grouping have been 

distributed over the seedbed classes in proportion Co their 

occurrence under "All seeding rates", Table 2. 

Note 

These trials were undertaken in only one segment of the prov 

ince, the Chapleau-Gogama area. The results may be considered directly 

applicable to that area only or to areas with similar soil, climatic 

and tree species characteristics. Nevertheless, these principles can 

be used as guidelines for good jack pine aerial seeding practice across 

the province and, with experience, the manager can use the data in 

modified form to plan successful jack pine seeding programs regardless 

of location. 
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CONCLUSIONS 

Aerial seeding of jack pine is, with few limitations, a viable 
and successful regeneration technique for moderately dry to moderately 
fresh, sandy, outwash soils in the Chapleau-Gogama area. 

Prescribed seeding rates may be considered nominal only. The 
amount of seed deposited is generally lower than that prescribed. 

There are stocking gains to be had by increasing the amount of 
seed applied but the rate of gain decreases significantly as the deposi 
tion rate becomes progressively greater. A deposition rate of 10,000 
seeds per acre provides substantially lower stockings than a deposition 
rate of 20,000 seeds per acre. Except at the lowest receptive seedbed 
levels the stocking to be gained from a deposition rate of 30,000 seeds 
per acre is not justifiably better than that to be gained from a deposi 
tion rate of 20,000 seeds per acre. 

Stocking increases between the first and third years after 
sowing, through delayed germination of applied seed or from natural 
seed, occur almost invariably and are often substantial. This is an 
important factor in the early determination of the potential success or 
failure of a seeding operation. 

Stocking is directly related to the amount of receptive seedbed 
available, more so than to the amount of seed applied (within the range 
of seed depositions in these trials). Stocking at acceptable levels 
requires adequate levels of seedbed availability regardless of seeding 
rate Scarified and unseeded areas (using the scarification techniques 
or these trials) and unscarified areas, even with seed added will 
result in stocking levels far below minimum standards. 

Receptive seedbed must be well distributed through the area. 
If all milacres have a minimum of 25% receptive seedbed, a high level 
of assurance of achieving 60% stocking after three years will be pro 
vided under most operating conditions at deposition rates of 14,000 
seeds per acre or greater. If all milacres have a minimum of 15% recep 
tive seedbed 80% stocking should be attained on average, and under the 
best of conditions nearly 90% should be attained, after three years at 
deposition rates of 15,000 seeds per acre or greater. 

below ?nL^fne,lal\aS^iie am°Unt °f recePtive seedbed per acre falls 
below 20-25,;, the stocking probability is reduced rapidly. As the 
amount of receptive seedbed per milacre is increased beyond 20-?5% 

S P"babilltycontinues t lib b d "c 
p bed per milacre is increased beyond 20-?5% 

that S P"babillty.continues to climb but does so at rates of"increase that S .t does so at rates ofincrea 
Tl, S §ainS lncreasin81y c°*tly ^ terms of effort required to 
create the necessary seedbed levels. 



Since to have all milacres scarified to a given receptive seed 

bed level is impractical, the "20/20/40/20 seedbed standard" described 

in this report will assist in attaining minimum stocking standards. 

This standard is operationally achievable and results in an overall 

receptive seedbed level of approximately 25%. 

Using the tables provided in this report, the manager can 

obtain preliminary estimates of the stockings likely one and three 

years after seeding at the time of the site preparation operation and 

before seeding takes place for any selected seed deposition rate. The 

adequacy of the site preparation can thereby be evaluated while there 

is still time to rectify any deficiencies, without damage to the incom 

ing stand. These preliminary estimates can be verified or adjusted, 

after sowing, by assessing deposition rates during the seeding opera 

tion. Finally, progress toward the third-year stocking goal can be 

assessed at the end of the first year after seeding. 

Density increases rapidly with increasing seedbed availability. 

Densities increase strongly as seeding rates go from 10,000 to 20,000 

seeds per acre but much less strongly between 20,000 and 30,000 seeds 

per acre. Up to 45% receptive seedbed availability, densities may 

exceed the suggested provincial maximum of 5,000 stems per acre toward 

the upper end of the range, with up to 6,000 stems per acre being 

obtained depending on the seeding rate prescribed and the level of 

stocking attained. 

RECOMMENDATIONS 

1) The seedbed created in site preparation operations must be suit 

able for germination and survival of jack pine. These trials 

have provided a working definition for such receptive seedbed. 

The definition should be used to determine adequate levels of 

suitable seedbed referred to in 2) below and the application 

of the predictive data of this report. "Receptive seedbed" is 

defined as follows: 

a) exposed mineral soil with a firm base, or 

b) a thin (<\ -in.) duff/mineral soil mix which would readily 
settle to a firm bass, or 

a) firm mineral soil with a very thin duff cover3 generally 

not more than h in. thick. 

2) Adequate levels of receptive seedbed should be provided. The 

number of milacres occurring with seedbed levels of 0-15% and 

36-100% should be minimized. As a guide, the following stan 

dard may be employed to provide the overall level and distribu 

tion of seedbed necessary to attain minimum stocking standards 

and well beyond in most cases: 
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a) Milaores with 0-5% receptive seedbed shall not exceed 

20% of the total number of milacres sampled. 

b) Milaares with 6~15% receptive seedbed shall not exceed 

20% of the total number of milaares sampled. 

c) Milacres with 36-100% receptive seedbed shall not exceed 

20% of the total number of milacres sampled. 

d) Milacres with 16-35% receptive seedbed shall not be less 

than 40% of the total number of milacres sampled. 

3) To ensure a minimum 60% stocking most of the time (four times 

out of five) deposition races of less than 15,000 seeds per acre 

should be avoided. To achieve this, apply seed at a prescribed 

rate of 20,000 seeds per acre and strive, through careful cali 

bration and flying procedure, to bring the deposition rate as 

close as possible to the prescribed rate. Do not seed at a 

prescribed rate of 30,000 seeds per acre or at high deposition 

rates as they are wasteful of seed and do little to enhance 

stockings that would be achieved from deposition rates at or 

near 20,000 seeds per acre. 

4) The manager should be thoroughly familiar with the applicator 

and application requirements and limitations as described by 

Foreman and Riley (1979), and by Silc and Winston (1979). 

5) Decisions to declare a seeding a failure and/or to re-treat 

should be made with caution as delayed germination, residual 

natural seed and seedling ingress by other means may substan 

tially increase initial jack pine stockings. Where adequate 

levels of receptive seedbed have been prepared such decisions 

should be delayed as long as possible, i.e., until the third 

year after sowing, until unstocked receptive seedbed is in 

danger of becoming non-receptive or until it is apparent that 

acceptable stockings will not be realized. 

Although adherence to these recommendations will not produce 

fully stocked stands, it will certainly remove much of the risk attending 

aerial seeding of jack pine and will go a long way toward ensuring suc 

cessful seeding operations with minimum waste of seed and within accept 

able site preparation cost limits. 
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APPENDIX A 

S.I. CONVERSIONS 

1 acre 

1 railacre 

1 inch 

1 chain 

1 square foot 

1 mile 

1 foot 

t° Fahrenheit 

0.405 hectares 

A.047 square metres 

2.54 centimetres 

20.117 metres 

0.093 square metres 

1.609 kilometres 

30.48 centimetres 

5 (t - 32)/9° Celsius 



APPENDIX B 

Number of Milacre Plats Sampled on Each Seeding hy Receptive Seedbed Class 



Tab It Cl. Stacking probability value! by'riceoclvo leedbed clajj or.e year tCCH 

n Indl""n* th« »"av which .taking ,hOuld 

(continued) 



JPPL'iDlX C 

I»bl« Cl. Stocking probability v.lu.s by naptlv. ,eedb»d claij or.e va»r »f:.r coving, 

Gconcluded) 

Mean vilua ulnia 1 scandird deviation ir.dlciclns tha level jbove uhich icacklr.g should occur 
1 ci=e5 out of 5. 
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tab]* C2. Stocking probability valuai by raeaptive mdb.d class thre* 
aowisj. 

'"ndflrd davl"lon lndt 



APPENDIX C 

Tobla G!i Stocking probability values by r»ci?:i'/e clus thre* y»«-s i£:tr ssuing. 

(eoneliatiii) 

Me in valu* alnu 1 icir.dacd deviation indicating the lavsl above which ieo<£ln| should occur 

4 tlcei out of 5. 



APPENDIX D 

CALCULATION 07 PROBABLE STOCKING RANGE 

An estimate of the range of stocking results to be expected in 

the first and third years after seeding, from any given site prepara 

tion job and seed deposition rate, can be calculated from the data 

provided in this report. It is presupposed that seed is distributed 

in a manner as good as that provided by the Brohm seeder/fixed-wing 
aircraft combination used in the trials described. 

Method 

3. 

4. 

Determine the amount of receptive seedbed (as defined) avail 

able on the seeding chance through a representative sample 

using milacre sample plots. Record the number of milacres by 

receptive seedbed class as indicated in Table Dl. 

Calculate the percentage of plots falling in each seedbed 
class 

i.e 
=- _ No. of plots in seedbed class 

"' * Total plots sampled X 10° 

Select the estimated or actual deposition rate and record the 
minimum, 80%, mean and maximum stocking probability values 

from the first or third year tables by seedbed class as shown. 

Calculate the contribution to overall stocking made by each 
seedbed class for each set of table values, 

i.e., % = (2) x (3) 

5. Sum values derived in (4) to determine the stocking estimate 
for each set of table values used. 

Results 

From the example it can be seen that, if the third-year tables 
are used, the stocking estimates for the particular seeding chance and 
a deposition rate of 19,000 seeds per acre are approximately 91% under 
the best growing conditions and approximately 34% under the worst 
growing conditions. There is an 80% chance that stocking will be above 
approximately 54% and the average expectation will be approximately 77%. 

At this point the manager has been given an indication of the 
likely stocking range and average results to be expected three years 
after seeding. With this information, and using his own knowledge and 
experience, he is in a position to make an informed decision on the 
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desirability of seeding the site at that seeding rate and with the 

receptive seedbed available or of taking an alternative route, e.g., 

increased seeding rate, rescarification, planting, etc. 

The work from which the example was taken was the 1973 seeding 

in Cosens Township where a deposition rate of 19,000 seeds per acre 

was obtained. As can be seen from Table A, actual stocking on this 

job through field assessment three years after seeding was 76.2%. 

In order to determine, after one year, if attainment of accept 

able stocking by the third year is likely the following steps should 

be taken: 

1) Obtain a reliable estimate of first-year stocking on the 

seeding chance. 

2) Calculate the range of stocking results to be expected for 

the first and third years after sowing, for the appropriate 

deposition rate, in the manner described above, using the 

appropriate probability tables. (Hot* that receptive seedbed 

availability must have been determined previously.) 

3) Compare the actual first-year stocking of 1) with the first-

year estimates of 2) and determine the approximate position 

of the actual stocking within this range, e.g., well above 

average, about average, well below average but above the 

80% level, below the 80% level, etc. 

4) Relate this position to the same position in the third-year 

stocking range estimates. If the third-year position indi 
cates an acceptable stocking level, the chances are high that 

stocking on the seeding chance (after one year) is developing 

well and will be at an acceptable level by the third year. On 

the other hand, if the third-year position indicates an 

unacceptable level, stocking on the seeding chance is likely 
developing poorly and acceptable stocking levels will probably 

not be attained by the third year after sowing. 

It is important to note that this method cannot be used to pin 
point expected third-year stocking on the basis of first-year results. 

Third-year stocking can only be approximated. 

Example 

First- and third-year stocking range estimates for the Cosens 

1973 example are as follows: 
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By field assessment the first-year stocking was determined to 
be 58.4%. From the first-year estimates it can be seen that this is 
just below average (61.4%). Because of the positive correlation of 
the q values in the regression equation it can be anticipated that 
stocking after three years on this job will occupy approximately the 
same position, i.e., just below average. From the third-year esti 

mates it can be seen that the minimum stocking standard of 60% is well 
below average. Therefore, the stocking results from the first year's 
assessment indicate that the stand should exceed the minimum standard 

by the third year and that, by or near the time of stand establishment 
stocking will be at an acceptable level. The actual third-year stock 
ing was 76.2%, just below average. 

If first-year stocking had been 25%, just below the 80% prob 
ability level, there would be good reason to suspect that third-vear 
stocking would be below the 60% stocking minimum and therefore unacceot-
able. In such cases early action to improve stocking might be warranted. 

As noted, the foregoing method of relating third-year to first-
year stocking is not precise but, in conjunction with the stockinc 
increase discussions and Table 4 of the report, it provides practical 
guidance and permits early indication of the likelihood of success in 
the aerial seeding of jack pine. It also provides the basis for 
informed corrective action when necessary or desirable. 
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Table 111. i:;.-r.;il,- of calculation oE prolinblc etockfns range for third yenr alter settling (selected ilcpuslLlan rute of 19,000 

jicr acre). 
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APPENDIX E 

It is assumed that seed has been distributed randomly by the 

aircraft over the seeding chance and that seed landing on the milacres 

of the seeding chance is therefore distributed according to the 

Poisson Law. By extension of the theory, numbers of trees becoming 

established are similarly distributed. This permits stocking to be 

described by the general equation: 

Y = i - e 

where: 

Y = stocking probability by seedbed class where Y takes values 

between 0 and 1 

X = proportion of a milacre in receptive seedbed where X takes 

values between 0 and 1 

n » average seeding rate per milacre (the deposition rate per 

acre * 1000) 

qj = probability of one seed producing a living tree after a 

certain time on receptive seedbed 

q2 ™ probability of one seed producing a living tree after a 

certain time on non-receptive seedbed 

e = a constant = 2.7183 

The values X and n can be set or determined by the forest man 

ager and e is a constant. Hence, the variables qj and q2 are the only 

ones causing any concern. The values of q depend upon: 

a) weather 

b) the relative quality of receptive and non-receptive seedbed 

c) the length of the time period in question 

d) seed quality 

The last may be eliminated from further consideration since correction 

is made for seed quality (i.e., viability) in the seeder calibration 

process. The first three are the najor causes of variation in q in the 

field. 

From the first- and third-year results of these trials q values 

have been estimated by non-linear regression analysis and the following 

values derived: 
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These values have been used in the derivation of the stocking prob 

ability values of Appendix D and the curves of Figures 1-6. 

Example 

Determination of the average stocking probability of milacres 

with 20% receptive seedbed when the seed deposition rate on the seeding 

chance is 20,000 per acre (after 3 years). 

Y = 1 - 2.7183 
-2O[(.3950 x .20) + .0370 (1 - .20)] 

1 - 2.7183 
-2.172 

- 1 - .114 = .886 or 88.6% 

Interpretation 

Under average growing conditions a single milacre has a .886 

probability of becoming stocked and stocking on all milacres with 20% 

receptive seedbed and 20,000 seeds sown per acre can be expected to 

be 88.6% on average after three growing seasons. 

Similarly, the probability values for maximum, minimum and 80% 

stocking probability for these conditions are .978, .410 and .644, 

respectively. Minor differences due to rounding may occur between 

values obtained from the formula as shown and the table values. 
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