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A FlliLD TEST OF BULlJ1T 

PLANTING m ALBERl'A 

Progress Report, 1964 

Project A-lOS 

by 

R. F. Ackerman 1 

INTRODUGrION 

In 1962, 1963 and 1964 the Alberta Department of Lands and 

Forests. North Western Pulp and Power Ltd., AJ.berta Department of 

Agriculture and the Dep artment of Forestry co-operated in the estab

lishment of a series of experiments to assist in the development of 

container planting (Walters, 1961, 1963; l'.cLean, 19.59) as a regeneration 

method in AJ.berta. The experiments 'tvere designed to answer the 

following questions. 

1. Is survival and growth of bullet-planted stock suffi-

ciently good to warrant further development of the 

technique? 

2. Is the method applicable to a variety of sites and seedbeds? 

3. Can bullet planting be successfully employed throughout 

the frost-free season? 

1 Research Officer, Forest Research Branch, Department of Forestry, 
Calgary, Alberta. 
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4. What minimum age of stock uill give a reasonable level 

of survival? 

5. lfuat is the best type of container? 

The economic f.easibility of bullet planting, or mass culture 

of container-grown seedlings is not directly investigated in this study. 

HO'Vlever, the possibility of continuous planting throughout the frost

free season ruld the rate of turnover at the nursery, as controlled b,y 

the age of stock, have a direct bearing on this question. Economic 

assessment will, of course, be necessary but uncertainties surrounding 

the choice of container and culture methods and the probability of. rapi� 

changing techniques renders economic assessment of limited value at the 

present time. 

The advantages of bullet planting over conventional, exposed

root planting and preliminary results of the 1962-6.3 experiments have 

been descrllJed in a previous report (Ackerman et al, 1964). The present 

report describes the results to Septerrber, 1964 and introduces the 

experiment initiated during the 1964 field season. 
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H�!l'HODS AND HATERliJ.,S 

Description of the Area, Site and C�te 

The experiments are located in the Upper Foot�ills Section 

of the Boreal Forest Region of 'l-lest-central Alberta (Rowe t 1959), on the 

't-lestern portion of the pulpwood lease area of Northwestern Pulp and 

Povler Ltd., Hinton, Alberta. Characteristic topograpqy in the exper

imental area is a series of high hills (4,000-6,000 teet) underlain by 

sandstone bedrock. Soils are generally light textured, of glacial or 

fluvial origin and show podzolic development. 

All experimental areas are located on lO-chain clear-cut strips 

or large clear-cut blocks 1-lhich carried either pure even-aged merchan

table �]hite spruce (Picea glactl,! (Hoench) Voss var. albertiana (5. Brown) 

Sarg.) or lodgepole pine (� contorta Dougl. var. latifolia Engel.ro.) 

or fire origin. 

The significant features or each location planted in 1962. 

1963 and 1964 are shown in Table 1. 

The planting areas are fairly representative of site conditions 

found in the Foothills Section, particul<.U"1\Y of those found on light

taxtured till materials. Surface soil moisture varies from very dry to 

moist. Surface organic horizons vary from a thin roor on the drier locations 

to 6 inches of feather moss and raw humus on the more moist locations. 

Important sites found on tIle lease area that have not been planted would 

include various moisture regimes on hcairJ tills, aeolian deposits and 

l acustrine deposits. 



Table 1. Desoription of Planting Locations 

1962 1963 
Item Planting Planting 

Site 1 Site 2 Site .3 

Cover type 10ci;;epele pine 10d;;epo1e �ine white s.m-uce 

Productivity 
Cords/acre 60 .30 40 

Logging date 1957-58 1960-61 1956-57 

Seedbed Scarified Scarified Scarified 
Treatment Undisturbed Undisturbed 

Topographic Top and Uf>per Y.d.d-upper l>Iam valley 
Position Slopes of slope- bottom 

secondary main relief 
�e 

Sl ope 0-15� 2d! Nil 

Aspect N. and S. S20° W. Nil 

Exposure Variable Exposed Normal 

S oil Origin Sandy loam Sandy loam Coarse 
and Fabric till till alluvium 

Depth to 
�{ater table - - -

Depth to 
Bedrook 61 3-41 -

Depth of 
Organic Horizons 1" lU 1-2U 

SoU Moisture ___ Fresh �_� _ __ �llrY_ �_ 

1964 
Planting 

Site 4 Site 5 Site 6 

white spruce lodgepole pine lodgepoJ e�ine 

40 70 30 

1961-62 1961-62 1960-61 
1963-64 196�-64 

Scarified Scarified Scarified 
Undisturbed Undisturbed Undisturbed 

Plateau top- liid slope- I·ad slope- .{::" 
main relief roam relief roam relief 

.3� 15% 15-2.5% 

N.30
0 E. 

0 
S. N.20 E. 

Normal Protected EXposed 

Stony� sandy Sandy loam Sandy loam 
loam till till till 

6 1 - -

- 41 3-4' 

6" 311- 1" 

110ist Fresh Dr:v 
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Veg��tive competition is not considered a severe problem to 

regeneration after logging :in this area. The si tea vary in this regard 

from a light herbaceous and grass cover on the dry sites to a fairly rich 

shrUb ��d grass cover on the fresh sites, and include a deep feather moss 

on Site 4. With the possible exception of the deep moss the vegetative 

cover is considered advantageous on most areas because it provides much 

needed shelter for seedlings on the completely exposed clear-cut area. 

Hean tempera.ture and precipitation for the Hinton area dur:ing 

the summer months of 1962, 1963 and 1964 are given in Table 2. Since 

there are no long-term l'1eather records available for Hinton, long-tem 

averages and 1962, 1963 and 1964 data are also shot-ffi for Edson, apprCtd-

mately 50 miles east of Hinton. 

Table 2. :r1ean Temperature and Precipitation - 1962, 1963 and 1964 

Location Year 
0 

Mean Temp. F. Precipitation - inches 

l'Jay June July Aug. May June July ��. Total 

H:inton 1962 45 54 57 .56 2.22 2.62 3.48 1.83 10.15 
1963 46 53 59 59 1.12 0.28 2.59 3.2JI. 7.23 
1964 46 55 58 54 2.18 2.91 2.16 2.eq 10.12 

Edson 1962 46 55 58 57 3.60 2.00 6.60 2.eo 15.00 
1963 46 55 60 59 1.30 O.eo 2.19 2.52 6.81 
1964 l}7 55 60 56 2.74 3.54 5.14 2.83 14.25 
Long-
term 48 54 60 57 1.52 3.15 3.2l 2.97 10.85 

The clinnte of the region is ch2.racterized by tdnter-10"vl, 

summer-high ljrecipita.tion, 1,rith 2 to 3 :inches ea.ch month of June, July 
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and August. The 1962 and 1964 seasons were moist, l'lith frequent and 

abundant precipitation during all months. The 1963 season vIas relatively 

dry oi'ling to sorne1'lhat 10t-1 precipitation durlng most months but most parti-

cularly during June. The drought condition during JUne, 1963. preceded 

by a relatively dry J:1ay, is of particular interest. 

EXperimental Design 

1262 Planting 

The primary objective in the 1962 planting was to detenrdne the 

effect of age of seedling and IOOnth of planting on survival. Acco:rdjngly, 

the follovling treatments were applied for white spruce and lodgepole pine 

on each of a north, level and south aspect of a secondary ridge that had 

been previously clearcut and scarified (Table 1, Site 1). 

YJOnth of Age of Seedlings 
P1antine; �ijleeks from Seedinsl Trans:elant� 

May 1.5 4 1-0 
June 1.5 8 1-0 
July 1.5 4 8 12 1-0 
Aug. 1.5 4 8 12 16 1-0 
Sept. 1.5 4 8 12 16 20 1-0 

Although an orthogonal design would have been preferred, there 

was not suffici.ent time to produce the older seedlings for spring plant-

ing. 

For each species a block containing 20 cells lias located on each 

of the north level and south aspects of the site. The 20, age x planting 

month treatments Here assigned randomly to tho cells in each block. Block 

locati.on and cell treatment for the 1962 experiment are shown in Appendix 1. 
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It was originally intended to set out 100 seedlings. at a min'5-

mum spacing of one foot, in each cell. This objective was not attained 

for a number of treatments because of gemination and survival failures 

at the nursery. It was also intended that one-half of the seedlings in 

each cell should be placed in a mineral soU seedbed and the other half 

in undisturbed organic seedbed. This procedure was not effective for in 

some cells scalping or digging was required to obtain mineral soU J 

resulting in subsequent smothering or seedl.ings in the depressions. In 

other cells truly undisturbed organic seedbed was absent. 

Ali stock in the 1962, 196:3 and 1964 experiments was provided 

by the Provincial Tree Nursery of the Al.berta Department of Agriculture, 

from seed of Hinton origin. The seedlings used in 1962 and 196:3 were 

germinated in the containers in the nursery greenhouse under a misting 

system and then moved outside to sheltered flats untU needed. The 1-0 

stock was lifted from the nursery seedbeds and transplanted into the 

bullets in the spring and used throughout the summer as required. 

The stock was small but lrTell fonned and of good color (Figures 

1, 2 and :3). 

The plastic bullet developed by �'ialters (1961) i'laS used in the 

1962 planting. This is molded styrene plastic, 1/16 inch thick, and 

measures 2 1/:3 inches long by 7/8 inches outside diameter. The wall of 

the bullet is iveakened by a narrmv slit extending from the rim to a sing1e 

hole near the tip (Figure 1). 
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Figure 1. White spruce seedlings used in 1962 planting. Aces from lett 
to rlght, 4 weeks, 8 weeks , 12 weeks and 1-0 transplants % 'Jls. 

Figure 2. Lodgepole pine seedlings used in 1962 planting. Ages from 
left to rlght, 4 weeks. 8 weeks ,12 weeks and. 1-0 transplants. 
x'Jls. 
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2. Site 

3. Seedbed 

4. Honth of planting 

.5 • Age of Seedlings 

- 10 .. 

(a) 

(b) 

(a) 

(b) 

(a) 

(b ) 

(c) 

(d) 

(a) 

(b ) 

(c ) 

(d) 

'V-lhite spruce 

lodgepole pine 

:3 sites (see Table 1) 

scarified 

not scarified 

June 1-7 

July 1-7 

August 1-7 

September 1-7 

8 weeks from seed-grown and 

planted out in bullets 

16 weeks from seed-grov-Tn and 

plnnted out in bullets 

1-0 seedlings transplanted 

into bullets 

2-0 conventional, 6t,<posed-root 

stock 

A block containing 36 cells VIas located on each site x seedbed 

unit (a total of 6 blocks ). The 32. species x age of stock x planting 

month treatments viere assigned randomly to the cells in each block. 
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Block locations and cell treatment ar� shown in Appendix 2. 

The 1963 e.."'Cperiment was repeated on scarified and undisturbed 

areas. In both cases 8.n attempt was made to place seedlings in situations 

that appeared to offer the best chance of su.rvival, vrhile maintainins a 

reasonable spacing. Thus, on the scarified areas advantage was ta1,en, 

Vlherever possible, of favorable seedbed conditions created by that treat

ment, �']hile on undistw:bed areas the majority of seedlings were placed 

in undisturoed organic seedbed. 

It was intended to plant 50 seedlings ldthin each cell, at a 

spacing of approximately 4 feet. P.owever, as in the 1962 planting, this 

objective vTas not achieved in all treatments Oi.zing to germination and 

survival failures at the nursery. 

The container used in the 1963 planting was a slightly modified 

version of the 1962 bullet. The dimensions and material were the same but 

the th icl-mess of the plastic shell was reduced to l/20-inch and three 

additional holes were added near the tip. 

Seedling culture techniques in 1963 were essentially the same 

as in 1962. One notable difference, that is reflected in the survival 

results, applies to the 1-0 transplants. In 1962 this stock nas trans

pl<'mted in early spring and was well established in the containers before 

planting out. This practicev7&S not followed for all planting months in 

1963 and in some cases the stock \-1as not established in the container 

before planting out. 

The 1963 container-grNm stocl: vIas generally of very poor quality 



- 12 -

Figure 4. 'r.'hite spruce seedlings used m 1963 p lanting . From left 
to right 8 weeks, 16 weel-:s and 1-0 transplants. x 3/5. 

?igure 5. Loc2:cpo1e pme seedlin['s used in 1963 planting. Fron: left 
to right 2 'tieets. 16 '�leeks tmcl 1-0 tr<?nspLmts. x 3/5. 
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(Ficures l� and .5). Seedl:ings were small, poorly fonned and :in some months 

there was little or no distinction in size between 8-week and l6-vleek 

seedlings. 

The 2-0 conventional stock was lifted as required "me. taken to 

the planting site with as little delay as possible. ' Nevertheless, adopt

ion of this practice resulted in the lifting and planting of actively 

growing stock during the months of June and July. Cold storage "las 

considered as an alternative end rejected because of the long period of 

storage that would have been required and because of the unsatisfactory 

results of previous attempts at cold storage \-lith the stock and facilities 

then available. 

The 2-0 stock was set out with a planting bar, the method 

currently in use in the area. 

Tallies of seedling survival were made once each month during 

1963 and in the spring and fall of 1964. 

1964 Plant3 

In both the 1962 and the 1963 plantings it 'tvas recognized that 

the plastic conta:iner used. may not have been the most suitable in material 

and design. The main objective in the 1964 experiment was to field test 

a variety of container materials and designs. 

A factorial experiment in a randomized block design ldth two 

replications of .50 seedlings Has chosen. 

The factors included were: 
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1. Species (a) white spruce 

(b) lodgepole pine 

2. Planting month (a) June 

(b) August 

(c) September 

3. Containers 6; of var.ying designs and materials 

4. Seedbed (a) scarified 

(b) not scarified 

5. Site 2 sites (see Table 1) 

Two replicate blocks, each containing 36 cells were located 

on each of the 4 si te x seedbed units (a total of 8 blocks). The 36, 

species x planting month x container treatments were assigned randomly 

to the cells in each block. Block locations and cell treatment for the 

1964 planting are shmm in Appendix 3. 

The six containers used in the 1964 planting and the containers 

employed in the 1962 and 1963 planting are shO'tm in Figure 6 and described 

in Table 3. 

The 1964 stock was grown in a greenhouse in a sand and peat moss 

mixture, by sub-irrigation with a complete nutrient solution. The seed.

lings were rac}, ed in tanks to which the nutrient solution lvas automatically 

pumped on a predetermined cycle. An eight-week production period was 

used allowing one .-reek for germination, 6 weeks for growth in the green

house and one of "tougheninelt in sheltered flats located out-oi-doors. 

The stoeI-: is illustrated in Figures 7 to 16. 



1 s 6 7 

" 

" 

2nd 

chlororis h2.S 
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Table .3. Description of Containers Used in the 1962, .196.3 and 1964 
Plantings. 

Diroensions- Capacity-
Container Haterial Cros. C.C. .Remarks 

1 Po1¥styrene 2.lx6.oxO.16 1.3 Wall weakened by 
slit extending from 
hole at tip to r1m 

2 Po1\Ystyrene 2.lx6.oxO.12 15 As above with .3 
additional holes 
at.tip 

.3 Po1¥ethylene 2.1.x6.oxo.16 12 4 slits cut from 
tip to rim 

4 Po1\Ystyrene 2.l.Y..6 .oxO .0; 19 In two free sections 
held by elastio band 

; Roofing tar 2.0x6.2xO.O; Loose1\Y closed 
paper flat bottom. 

6 Wax impregnated 2.0x6.2x:o.08 As above 
Kraft paper 

7 Pressed peat- .3.OX4.7XO.20 1.3 
Irish st urdi-
vlallS 



in 
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Figure 9. 8-week old white spruce seedlings planted. in August, 1964. 
x 3/5. 

Figure 10. Root development of 8-l-1eek-old �'lhite spruce seedlings 
planted in kugust. 1964. .x 3/5. 
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Figure 13. B-week-01d white spruce seedlings planted in September, 1964. 
x 3/5. 

Fizure 14. Root development of 8-week-old vrhite spruce seedlings planted. 
in September, 1964. x 3/5. 
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Root development in the 1964 stock was also less than satis

factory. At this age seedlings can and should have a fairly- 1-1ell 

developed fibrous root system. It. is believed that, for mo�t of the 

stock, over-irrigation inhibited rcot developed and often r esulted in 

root rot. 

No consistent relationship was established between stock quality 

and container. 

All seedlings were set out by dibbles made to conform in size 

and shape to the various containers used. 

Measurements of survival, top and root grol-rth �lill commence 

irl 1965. 

RESULTS 

196 2 Planting 

Surviva! 

The number of seedlings planted and percentage survival to 

September, 1964 is shoun for white spruce and loc�fepole pine in Table 4. 

These data corrbine all three aspects ,illd both the mineral and organic 

seedbeds . 

After three seasons in the field, survival of both spruce and 

pine ranges between 60 and 90 per cent for aD. ages except 4-lveek. These 

results are encouraging. They indicate that young seedJ.ings can be used 

successfull�r and that bullet pl2.nt:i ni:, UU'ougr,out the frost-free season 

is feasible. 
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Table 4. 1962 Planting - Percentage Survival of ifuite Spruce and 
Lodgepole Pine to Septerrber, 1964. All Aspects and. 
Seedbeds. 

Age 
1'J'hi te Spruce LodR:ePOle Pine 

of Planting No. Percentage No. Percentage 
Stock }lonth Pla.nted Survival Planted Survival 

4 week :r� 216 22 78 20 
July 300 50 282 52 
Aug. 300 12 30 2) 
Sept. 282 45 2.56 /.f() 

8 week June 216 67 78 67 
July leo eo 30 67 
Aug. 300 76 282 64 
Sept. 97 % 34 82 

12 week July 216 81 78 63 
Aug. leo 79 30 ·eo 
Sept. 292 85 282 82 

16 week Aug. 216 60 Insufficient Data 
Sept. leo 85 30 73 

20 week Sept. 216 75 Insufficient Data 

1-0 bullet }jay 300 69 300 as 
transplants June 300 eo 300 91 

July 300 90 300 92 
Aug. 300 as 300 as 
Sept. 294 88 298 91 
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Analysis of these data is made difficult by the non-orthogonal 

design of the experiment. Nevertheless the follovn.ng features are 

evident. 

1. Species. There is no consistent difference in survival betvleen 

spruce and pine. Both species 'VIere subject to the same causes of mortal

ity and, in most cases, to a similar degree. One possible exception is 

lodgepole p ine .• a larger more vigorous seedling, - it is less subject to 

srootherlng. This is most evident for the 1-0 transplants. 

2. Age of Stock. The level of survival increases 't-1ith age of stock 

in this experiment. The difference bevlever, is most pronounced vlhen 

comp.:'lI'isons are made between 4-i·reek and older seedlings. If trans

planting 1-0 stock into contajners is considered impractical then these 

data incicate little adv8!1tage in the use of stock older than 8 weeks 

from seed. 

3. Honth of Planting. Confounding v.rith age of stock obscures the 

effect of month of planting in this experiment. Nevertheless, .. lith the 

exception of 1-I-.. 1eek seedlings, month of pla,nting had no consistent 

effect on survival. The v ariability in survival of the 4-ueek stock is 

attributed to frost damage Hhich occurred shortly after planting in 

gay and August. 

4. Aspect. It has not been possible to demonstrate significant effects 

of aspect in the 1962 a"Cperil11ent. The soil is fresh and the 1962 season 

was moist ... 1. th i'rec;uent ,md abundant rainfa�l during all months (Table 2). 

Both of these factors may have acted to obscure �n independent effect of 

aspect on survival. 
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.5. Seedbed. Survival of all seedlings planted on miners.l soil averaged 

69.4 per cent lvhi.le survival of all seedlinhs planted on organic seedbed 

averaged 70.7 per cent. The lack of difference in the oata is misleading 

ho"Hever. The e.."'Cperimental area Has rnach:ine-scaxified prior to planting 

and, as a result, t.ruly undistm'bed organic seedbed was scarce or absent 

in some cells. The data were further confounded by the necessity, in 

many cells, of creat:ing m:ineral soil by scalping or digging which 

resulted later :in considerable loss to smothering. These factors pre

clude a valid comparison between planting of bullets on scarified and 

undisturbed seedbeds. 

Horlnlity; 

It is difficult, 1dthout almost cont:inuous observation, to 

ascertain with certainty i'lhat agent or agencies have contributed to the 

death of an individual seedling. Nevertheless, observation during 

survival tallies has indicated mortality cl.ue direct� or indirectly to 

the follow:ing: 

(a ) Frost 

(b) Rodents and/or insects 

(c) Smothering 

(d) Heaving 

(e) Exposure 

(a) Frost - Both the I-BY end August plantings were subjected 

to frost irrnnediately after planting. The effect is most clearly seen 

in the 101-7 survival of 4-week-old seedlings. Seedlings 8 weeks and older 
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were not as susceptible, and although damage occurred, mortality seldom 

resulted. 

(b) Rodents and Insects. A substantial number of seedl:iJlgs 

were damaged by rodents and/or insects. This damage, however, was largely 

confined to 4-week-old seedlings immediately after planting. Eight-week 

seedlings, or 4.l'Teek seedlings that survived to the woO<:\1 stage of 

development vTere apparently less palatable. 

(c) Smotherins. By September 1964 smothering by litter killed 

10 per cent of the seedlings set out and is considered to have adversely 

affected the development of an additional 20 per cent. Hortality caused 

by smothering vias most severe for 4-week seedlings (13 per cent loss) 

and least for the larger 1-0 transplants (4 per cent loss). It should 

be noted that smothering losses were to a large extent avoidable, for 

more than half of the mortality was a direct result of depressions made 

to place the bullets in mineral soil. Survival would have been approxi

mately .5 per cent higher had this practice been cwoided. The suscepti

bility of small seedlings to smothering is a strong argument for use of· 

large vigorous stock. 

(d) Frost HeavinS. Approximately 20 per cent of all the bullets 

set out in 1962 were partially heaved and 3 per cent were totally heaved. 

Heaving has not, as yet, contributed significantly to mortality (1 per 

cent loss) but it is considered a severe check on root development and 

growth. Frost heaving is most severe on unsheltered mineral soil seed

beds, and this seedbed should be avoided in future planting of bullets. 
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(e) Ij!x:r;;osure. Lack of shelter contributed to mortality in all 

plant:inbs • The beneficial effects of shelter from pieces of slash end 

veget2_tion vlere obvious. 

No mortalitY'l-ms observed that could be considered a direct 

result of soil drought. The soil of the experi mental area is fresh and 

the 1962 season Has moist i'ri.th abundant precipitation durinG all months. 

Top and root growth measurements will not commence for the 

1962 planting until 196.5.. During 1963 hoHever, several spruce and 

pine seedlings were excavated to determine if seedlings vlere rooting out 

of the containers. As might be expected, root development vIas found to 

vary as much as top development. In some instances the roots had not 

groim beyond the containers Hhile in others, Vlell developed root systems 

Here f ound. 1\10 examples of the best development observed are shovm in 

Figure 17 and 18. 

Conclusive evidence will not be obtained until 1965 but 

observations to date indicate that seedlings i'1ill root out of the 

contain0r provided there is a suitable substratum. It is not :ret known 

Hhether the roots Hill breal: th e container ivhen they are confined by 

the exit holes. 
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Figure 17. Root development of 1-0 lodgepole pine seedling planted. 
in 1962 and excavated in 196'. x 1/2. 
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Figure 18. Root development of 1-0 white spruce seedl1ng planted in 
1962 and excavated in 1963. x 172. 
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1963 Planting 

Survival 

Percentage survival to September, 1964 is shOim by species, 

month of plant:ing and age of stocL :in Table .5. 

Species - Percentage survival of pine was better t112.n spruce for 8 and 

16-Heek seedl:ings grOi'm and planted in containers. lioivever, spruce 

survivnl 'Has better them pine £,or the 1-0 transplants and the 2-0 

conventional stock. 

Honth of }'lanting - Survival of the June planting has been lower than 

tl12,t of th3 follOioTing three months. For FlOst treatments this is con

sidered a result of the drought that occurred. 

Age of Stock - The best overall survival 'VIas obtained with 8-week and 

16-Heek seedl:i.ngs grOiID and planted out in bullets. Any advantage 

gained by the use of 16-'tveek seedlings rather than 8-week is evident 

only for spruce planted durinG the drought period in June. 

Hean survi. val of the 1-0 transplants, 1tlhich did so Hell in the 

1962 experiment, "VJ2.S 110 better and, in some cases well be 10:1 , survival 

of 8-Heel, and 16-T:Teek seetUings . This is believed to be largely a 

result of field planting before the seedlings Here well established in 

tho cont2,iners. It occurred for spr'uce and pine in J1.me and for pine in 

Au::;ust 2IlC!. SeptGmber. This is also tbought to b2.ve w.ade the 1-0 tr2ns

pl211ts lJc.rticul3.rly sensitive to rr.oistur8 stress durinC the J1.me drought 

period. 
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Table 5. 1963 Planting. Percentage Survival in September, 1964 by 
Species, Planting ¥lOnth and Age of Stock. - All Sites 

Age 
of 

Stock 

and Seedbed�. 

June 

Planting �ionth- 1963 

All 

S ruce-Percentage Survival to September 1964 

8-week 29 � 64 60 50 
l6-..reek � 49 58 60 

�-1-0 1" 69 60 63 

All bullets 31 55 61 61 51 

2-0 conventional 23 7 33 24 22 

J.ne- ercen age P t urv va 0 ep' S i 1 t S teMb er. 1964 

8-iveek 70 60 74 68 68 
l6.iveel<: 38 64 74 69 61 
1-0 25 74 L�8 34 45 

All bullets L�4 66 65 57 58 

2-0 conventional 5 8 20 21 14 

The conventional, exposed-root planting of 2-0 stock was the 

least successful of all treatments. :t'.iCll'ly trees of the Jupe and July 

planting were badly tvil ted vThen set out and simply failed to recover. 

The effect of lifting and planting during the growth period, aggravated 

by the June drought, no doubt contributed to the poor surviva.l. Never-

theless survival of the August and September plantings 't-lhich roore closely 
1 

resemble a ''norrnalll operation, Has little better. 
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Sits - PercentaGe survival by species, site and age of stoc\" is shovm 

in T(tble 6. SU1:"Vival of all ages of stock liaS sie;nificantly 10vler on 

Site J (coarse, dry, alluvial gravel) than on Site 2 (warm, clrtJ till 

slope) or Site 4 (cold, moist till plateau). Site 3 has a long history 

as a reGeneration problem area. The results of scarification, seeding, 

conventionnl planting, and nO';"1 bullet p1antine have been discouraging. 

Seedbec'\ - Survival, for all treatmnts, averaged. approx1mate� 6 per 

cent hil1her on scarified blocks than on undisturbed blocks. This 

result was characteristic of both species, all planting months, ages of 

stock and sites. 

Table 6. 1963 Planting - Percentage Survival in September, 1964 by 
Species, 3i te and Age of Stock - All Planting Honths and 
Seedbeds. 

Age of 
Stock 3 (Camp 9) 2 

Spruce - Percentage Survival to September 1964 

8-week 38 57 55 
16-11cek 36 60 63 
1-0. . 37 56 66 
All Bullets 36 58 61 

2-0 conventional 11 28 �ZL 
Pine - Percentage Survival to September, 1964 

8-l01eek 51 79 75 
16-Heek 40 71 72 
1-0 37 

-
47 52 

.1\.11 Bu.Uets 4-) 66 66 

2-0 conventional 6 15 20 

All 

50 

�� 
52 

21 

68 
61 
45 

58 

14 
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Survival of container-grO'tm and planted stock in the 1963 

experiment , altho\l[�h not discouraging, is generally 10vler than in the 

1962 experiment. Four factors are considered responsible. 

}lbrtality 

1. �veather - the drought experienced in June, 1963. 

2. Stock quality .. the 1962 stock \'las considerably better 

than the 1963 stock. 

3. Technique .. in 1963 many of the 1-0 transplants seedlings 

vIere set out before they were properly established in the 

containers. 

l�. Site .. The sites planted in 1963, although not atypical, 

represent much more difficult regeneration conditions 

than the site planted in 1962. 

Observation during survival measurement has indicated mortality 

as a result of the f ollO't-Ting: 

(a) SoU drought 

(b) Smothering 

(c) Fro st heaving 

(a) Soil drought - Lack of precipitation in June. 1963 affected 

the survival of all ages of stock. Although the frequency of occurrence 

of such drought periods il"1 this area is not l:novm. delaying planting 

operations until a predetenniued level of precipitation has been recorded 

during the Heel-:: prio r to planting ,(-lould probabJ.y minimize losses. 
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2. General c ondition of seedling. 

3. -Rooting medium i.e. mineral soil, rotten wood etc. 

4. Total height of seedling. 

5. 1965 height increment. 

6. Container condition. 

7. A photographic record of root development inside and outside 

of the container. 

FollO'tdng these measurements the seedlings will be washed and 

dried and top and root ilTeights determined.. 

Selection of a sample of seecU.ings from every strata in the 

1962, 1963 and 1964 a"'qleriments vTould be impractical. It is therefore 

proposed to sample only from June plantings of 8-.. 1eeK, container-grown 

seecU.ings and 1-0 transplants. The sample from each recognized strata 

vIill consist of 5 seedlings selected without bias. 

Following the above procedure the total sample will inclme 

the roliet-ring: 

1262 P1antin� 

Species (2) x Age (2) x 5 = 

1963 Planting 

S pecies (2) x Site (3) x Seedbed (2) x Age (2) x 5 = 

1254 Planting 

20 seecU.ings 

120 seedlings 

Species (2) x Site (2) x Seedbed (2) x Container (6) x 5= 240 seecU.ings 

Total :3 eo seedlings 
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Natural reGeneration is p resent on many of the experimental 

areas. It is proposed to obtain the above information for a sample of 

the natural regeneration to permit a comparison Hith container-grovm and 

planted stock. 

DISCUSSION 

Considering the quality of stoc!, employed and the site condi.

tions planted, survival levels are considered promising. Continued 

development of the technique is therefore recommended. It is evident, 

hOvlever t that emphasis must now be placed on selection of a suitable 

container and development of culture techniques that ldll provide quality 

stock at minimum cost. 

Container - The requirelnents of a suitable container are as follows: 

1. The container must be of a material and design that does 

not inhibit root or top development c.uring culture or after planting out. 

In the experiments to date there has been little or no indi

cation that the material or design of the containers so far tested need, 

in any t-lay, affect grovlth and development during culture. The effect of 

container on grOi-lth after planting is most important ,  however, and the 

results of the field experiments initiated to date will be of great 

interest. Unfortunately these results d.ll not be available for sorne time. 

In the meantime consideration should be Given to field testing of any 

container design or material that appears to have merit. 
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2. The container should be of a material and design that does 

not present difficu..lties in handlj.ng during cuJ.ture, transport and phnt .. 

ini':. Consideration should also be given to ad�"ptability to machine or 

mechanical planting mothods. 

Of the containers tested, the plastic bullets have been superior 

in hancUing and planting to either the paper or peat. The peat, in parti

cular has been difficult and unless proven superior in other respects, 

vlould bo rejected on that basis • 

.3 • The container should be of a size and shape consistent 

vlith the site conditions to be planted and the age of stock to be produced. 

An experiment 'Hill be required to determine the optimum, mini

mum volume of container required for production of stock of a given size. 

This experiment should be initiated as soon as possible. There have also 

been indications that the length of container could be varied to accom

modate the various site conditions encountered. Until there is opportunity 

to field-test this hypothesis it is reasonable to accept that there is 

advantage in the use of a longer container on sites vuth relatively deep 

unincorporated org.;mic layers end proceed .?ccordingly. 

4. The container should be of minimum cost provided biological 

end handlin[: requirements are satisfied. 

Selection of a cont�1j.ner on the basis of cost vlill not be possi

ble until assurance is obtained that other requirements are satisfied. 
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Seedling C\uture 

Follmving germination, seedlings remain in a succulent condition 

for a period of approximately 4 vleeks. During this stage the hypocotyl 

is tender, succruent and brittle and the root is straight and vTithout 

branches. Passage of the seedlings from the succulent stage is of 

particular significance in b\lllet planting. The poor survival of 4-'t-leek 

seedlinr:s in the 1962 planting is evidence of their fragility during 

this stage in their development. 

The end of the succulent stage is marked by a collapse of the 

cortex and the hypocotyl becomes hard and Ttliry. Primary needles will be 

approximately one-half the length of cotyledons and root branching 

should commence. Continued growth for 3 weeics after the end of the 

succulent stage should resrut in seedlings 1'lith primary needles as long 

or longer than the cotyledons and with a vlell developed fibrous root 

system. 

As yet, the type of seedling desired cannot be described 

quantitatively. However, spruce seedlings approaching the size illustrated 

in Figure 19 and pine seedlings Similar in size to those shown in Figure 

8 appear to be a reasonable objective for a growth period of seven or 

eight Yleeks. 

The follovling problem areas are recognized in mass production 

of container graHn stock. 

1. Cru t ure method 

2. Seed selection 
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J. Seed germination 

4. Soil medium 

5. Damping-off 

6. Irrigation schedules 

7. Nutrition 

8. Light requirements 

9. Toughening procedures. 

Figure 19. B-week spruce seedling grown with nutrient amendments. x 3/5. 

1. Culture Hethod - During the past three years, attempts at 

production of stock in the relatively viell controlled greenhouse environ

ment have met uith less th:m complete success. Acceptance of the additi-



41 -

onal p roblems and risl:s associated'l-Tith outside culture is not considered 

advisable until the problems are more clearly defined. 

2. Seed Selectio n - Success of container planting 'Hill require 

a very high level of germination :md survival in individual containers. 

An initial requirement is seed of 'Very high quality and special cleaning 

to obtain seed th8.t is virtually 100 per cent sound. No difficulty is 

foreseen in this procedure althou[';h research to determine the merits of 

seed selection by size may be of value. 

r 3. Germination - It could be argued that basic research on 

the stratification, temperature and moisture requirements of l odgepole 

pine and white spruce seeds is necessary for application in the culture 

of container-gro'l-m seedlings. It is the opinion of the v1rl.ter, however, 

that considerable variation can be expected in the requirements of 

different seed lots. As a result, even if the requirements of a species 

for prompt and complete germination 'Here better understood than they now 

are, p re-testing of each seed lot employed ivould still be required. 

4. Soil Nedium - No research has been initiated to determine 

the best soil medium for container grovm stock. It is a vital question 

hOHever and this Hork should be initiated as soon as possible. 

The c hC'racteristics of a f,ood medium are as foD.OVIS: 

(a) Promotes survival and gr01'lth after planting out .. 

(b) 

(c) 

Has Good moisture ret<1.ining characteristics II>

Ine.."Cpensive to obtain in ql.kmtity, uniform in character-

istics and easily adapted to 2.utomatic loading of containers. 



- 42 -

A ldde variety of material is available including a.rtificia�, 

sterile materials such as perlite, vermiculite "md quartz; various mixtures 

of sand and peat; mineral soils of a variety of textures and orgcmic 

materials such as loaf moulds etc. In the work to da.te bro materials 

have been used; a loam mineral soil fairly high in organic content and a 

sand-peat moss mix .  Although they have not been employed in an experi

ment permitting valid comparison, better field survival has been obtained 

with the loam soil. The sand-peat mi..� was observed to dry very rapidly 

during transport and planting and was subject to washing after planting. 

Little difficulty is anticipated in the production of quality 

stook In a wide variety of materials providad suitable irrigation and 

nutrient regimes are este.blished. It is therefore suggested that 

selection of a medium should depend primarily on effeots on growth and 

survival after planting out. In this connection, on many sites in the 

Foothills Section, seedlings may not root out of the contalner immediately 

after planting. Survival may therefore depend on the ability of the 

medium to provide moisture and nutrients for a period after plantlng. 

Under these circumstances a relatively sterile, artificial medium 'Hith 

poor moisture retain ing characteristic s would be of dubious value. 

5. Damping-Off - Loss of seedlings to d2lUping-off diseC'.ses 

was a serious problerr. clul'ine: production of stock for the 1962, 1963 and 

1964 planting. Houever, the problem was probably compounded by lack of 

rigid control of pH and soil moisture levels. If, after such control is 

introduced, a problem remains. experiments should be initiated to 



investi[;ate the usn of funricides, soil treatment e tc. P�rticular atten-

tion LihouJ.d be "iven to the rel atively neu systemic fungicides. 

b. Irrication - Stock can be produced either by sub-irrigation 

in a tank culture or by an overhead system. Both lilethods can be automated 

to provide predescribed moisture levels without difficulty. An overhead 

irrir:;.tion systcm requires less capital investment than a tank culture 

but a t anl\" culture permits more efficient use of nutrients provi d ed in 

the irrigation system. 

The irrigation scheduJ.e 'Ilill depend on the type of culture and 

soil medium used. 

7. Nutritio n - There is little question that larger, more 

vigorous stocl: can be produced durint:: culture by the use of fertilizers. 

Research is recLuirecl, hOHever, t,o detennine the nutrients required and 

proper rate of application. It shouJ.d be noted in t his connection that 

an interaction can 1::;e expected betueen nutrient response and the soil 

medium employed. 

8. �if':bt ? .... equirements - Research is required to deterrnine the 

liE;ht re(!.uiren:ents of loc�gepole pine p..nd vJl,ite spruce during t he seedling 

stage. Tbe possibility, or liIr.itations, in greenhouse culture, of 

proci.uction in tier::; for nore efficient utilization of s�.ce and faciliti es 

I'lill hG.ve a sir:.:nific ant offect on the economics of container plant:ing. 

o / . r.i'oud�onjnr: Procedures - Radiation frost can be expected . ) -

durin£::: any plantinc l1:onth in the Foothills Section of Alberta. Consider-

able seedlinE; loss ,,;no d2!l1a,§;e has occurred in the plantings to date. The 
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SUl"viVDl pa ttern indicates a r;:mge of tolcrD.nce dependent upon age or 

st<.'.ge of developn:ent of tho seed1ines. Rose arch is required immediately 

to determ:ine more precisely the effect of seedline aGe on tolerance to 

frost and to detennine practicability and methods of "toughening" seed

lj.n[�s before planting out. 

The research projects suggested in the foregoing discussion are 

sumr,18rized below': 

1. Continued field testing of containers that appear to have 

merit. 

2. Investigation of seed selection by size as a means of 

improving stock quality. 

:3 • Determination of the best soil medium for container-grown 

and planted stock. 

4. Investigation of means of controlling drunping-off diseases 

during culture. 

5. Investigation of fertilizers and rates of application 

duri....ng culture. 

6. Investigz.tion of the light requirements of lodgepole pine 

.md white spruce durmr, the seedlmg stage in order to 

deter111me the feasibility of production ill tiers in 

greenhouse culture. 

7. Determ:ll12tion of the frost tolercmce of lodgepole pine :md 

uhite spruce seedlinf,s of various ages and the development 

of methods of "toughening" seedlings before plantine out. 



As tho problems in production of container-grovm stock are 

solved and Eood cl'u,,1.lity stock becoIres available, field planting on a 

pilot scale shoulC: be initiated on a wide range of site conditions. 

Attention Cc?J1 also then be given to other promising areas of research 

and development. F or instance, the technique of bullet pL1l1ting 

immediately suggests t·be use of slot'l1 release fertilizers incorporated 

into the container or soil medium. Also, when selection of a container 

and soil medium is possible, consideration must be given to the problems 

associated witb automation in the loading and handling of containers 

during culture and pL'mting. 

The four co-operating agencies presently involved in the 

development of container planting in Alberta have ceased active 

co-operation or sh.2.ring of duties and responsibilities, in specific 

projects such as the 1962, 196.3 and 1964 plantings. Rather each organ1-

zation will ,wrk independently on various aspects of the problem. It is 

Clnticipa.ted that infonnation vlill be shared and duplication avoided by 

frequent consultation. 



- 46 -

ACKEm:tAN, R.F. at al. 1964. Preliminary results of a field.test of 

bullet pl anting in Alberta. Canada, Dept. of Forestry, For. 

Res. Br. 64-A-7 (In press ). 

McLEAN, H.M. 1951. Experimental planting of tubed seedlings. Ont. Dept. 

of Lands and Forests. Tech. Series Res. Rep. No. 39. 13 p. 

roWE, J.S. 1959. Forest regions of Canada. Canada, Dept. Northern 

Aff airs and Nat. Res. For. Br. BulJ.. 123. 
WALTERS, J. 1961. The planting gun and bullet. A new tree-planting 

teohnique. For. Chron. 37: 2 (94-95). 
WALTERS, J. 1963. A n�., planting glm F.A.O. For. Equip_ Notes A-29-63. 





- 47 -

APPEWIX I 

1962 Bullet Planting 

Block Locations and Cell Treatment. 





Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 

BLOCK LOCATIONS 

1962 
Camp 

BULLET PLANTING 
3 J Cutting Bloc k 8 

I 
Bly�k2" 

D V Block I I wS 
IN. Asp Block r""> 

IPSWSV 

Lsd. 15 -----
Lsd. 10 

SWI/4 Lsd 16-15-51-23-5 

SWI/4 Lsd 16-15-51-23-5 
SE 1/4 Lsd 15-15-51-23-5 
SWI/4 Lsd 16-15-51-23-5 
NWI/4 Lsd 9-15-51-23-5 
NWI/4 Lsd 9-15-51-23-5 

1 
Level 
AspeFt{JBIOCk 4 

I IPawS 
I 

Scale 1"=4 chains � 



1962 Bullet Planting - Ce II Treatment 

Blocks I and 2 - North Aspect 

_ 151____. 
I 

4 weeks 

MAY 

6 

16weekt 

AUG 
II 6 31 

4 weeks 

JULY 

1 6  
20 weeks 

SEPT 

I 

4 weeks 

MAY 
6 

16 weeks 

AUG 
" 

4 weeks 

JULY 

16 

20 weeks 

SEPT 

79 

2 3 4 

8weeks 4 weeks 12 weeks 

AUG AUG AUG 
1 8 9 

4week8 12 weeks 12 weeks 

SEPT SEPT JULY 
1 2 GG 8 weeke 1 -0 1-0 

JUNE MAY SEPT 

11 
16 weeks 

SEPT 

2 

8 weeks 

AUG 
1 

4 weeks 

SEPT 

12 

8 weeks 

JUNE 

11 

16 weeks 

SEPT 

18 19 
1 - 0 8 weeke 

JUNE JULY 

3 4 

4 weeks 12 weeks 

AUG AUG 
8 9 

12 weeks 12 weeks 

SEPT JULY 

GG 1-0 1-0 

MAY SEPT 

18  19 

1-0 8 weeks 

JUNE JULY 

-I 
5 

Not 
Planted 

E 1-0 

AU 
15 

1-0 

JULY 

20' 

Not 
Planted 

5 

8 weeks 

SEPT 
10 

1-0 

AUG 

15 

1-0 

JULY 

20 

Not 
Planted 

Block I - wS 

Block 2 - IP 



1962 Bullet Planting - Cell Treatment 

Blocks 3 and 4 - Level Aspect 

I 2 3 4 5 
4 .... eK$ !J ...... e�j ., lUeeA:4> /2 ,.,t:e.Kf� 8 "" •• 1(6 

... S /p IP /P 101:$ 

MAY AUG AUG AUG SEPT 

6 7 8 9 10 

" ..... �S -I IIJIQ�:$ 1% wet!le:) /,t kJIJ"Ks /-0 
IP ",,:1 .. 6 '-4Jd l'oD 

AUG SEPT SEPT JULY AUG 

" 12 13 14 IS 

.# 0tI.,,t' IS 8 ..,fle.CS 1-0 "'- <:) /-0 
iliII� "",:$ ... 6 "",d .d 

JULY JUNE MAY SEPT JULY 

16 17 18 19 20 

2.0 WIl.K6 /tJ MlfllI£S 1'. <:) 8 w(!ltl.t:J 
""t> 0.16 ..,6 ""d 

Not 
SEPT SEPT JUNE JULY Planted 

1 2 3 4 5 

"" bJ •• It:$ • wee'" 4 we.lt$ II we .. '" 8we.e-'" 
IP ... 6 0.16 ,.,:$ ,/oD 

MAY AUG AUG AUG SEPT 

6 7 8 9 10 

I� tAI.eK, 4wtll_Ke 1.It WIl.1(6 'II AI •• KIt 1'-0 

.. 4 /p ",p /P ",,6 

AUG SEPT SEPT JULY AUG 

" 12 13 14 15 

4 w(Jet(� 8w.'�� /-0 /-0 /-0 
IP IP ",p /P /I'!' 

JULY JUNE MAY SEPT JULY 

16 17 18 19 20 

20 <JII.I(" 14 w/,Ks 1-0 !Jwfl,e.II$ 
If# IP ,p /p Not 

SEPT SEPT JUNE JULY Planted 

Block 3 

Block 4 



1962 Bullet Planting - Cell Treatment 

Blocks 5 and 6 South Aspect 

I 
4 wee/(, 

MAY 
6 

14 weeKs 

AUG 
II 

� ", •• �$ 

JULY 

16 

to /III •• N6 

SEPT 

I 

4 We..N6 

MAY 
6 

'8 weeltl. 

AUG 
II 

tI WtlilJ{6 

JULY 

16 

2,() ""u"s 

SEPT 

2 

8 "'dC/(6 

\AUG 
7 

4 weeK, 

SEPT 

3 

4 IW'ck� 

AUG 
8 

1% W •• �6 

SEPT 

4 

12 W •• K, 

AUG 
9 

12. WililK(, 

JULY 
12 GD B waX. /- 0 1- 0 

JUNE MAY SEPT 

17 18 19 

16 "' • ...t::d .- 0 S ",e.�6 

SEPT JUNE JULY 

2 3 4 

8 weeK, '" "'.6"6 12 ", •• K. 

AUG dUG dlJG 

7 8 9 

4 ".,..K6 'Z ", •• Ks ,.t�&<$ 

SEPT SEPT JULY 
12 DC] 

8w.eKs '.0 1-0 

JUNE MAY SEPT 

17 18 19 

IG wellA1d 1-0 8 weeK4I 

SEPT JUNE JULY 

5 

Not 
Planted 

10 

'.0 

AUG 
15 

1-0 

JULY 

20 

Not 
Planted 

5 

tJ W.e.K. 

SEPT 
10 

1 .. 0 

AUG 
15 

1-0 

JULY 

20 

Not 
Planted 

Block 5- wS 

Block 6 - IP 
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APPEN:lIX 2 

1963 Bullet Planting 

Block Location� and Cell Treatment 





I 
I 
I o .,.,k' 

I 

I 
Lsd.I4 I Lsd.15 

BLO CK L O C ATION 5 
1963 BULLET PLANTING 
Camp 22, Cutting Block 139 

Block 1 SE 1/4 Lsd.14-31-49-23-5 
Block 2 NWI!4 Lsd .10-31-49-23-5 

Scale ,".4 cholns 

I 
I 
I 
I 
I 
I 
I 

-LSd.ll/W.IO - - - ----- - -- ----I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 



BLOCK LOC A TIONS 
19 63 BULLET PLANTING 

Camp 9 ,  Cutting Block Scale I": 4 chains 

- ____ __ - ______ - ____________ - __ ____ -I ___________________________ - - - -- -- ___ -_ 

Lsd. 9 - - - - - - - - - - - - - -Lsd. "8 

Block I SW V4 Lsd9-15-52-24-5 
Block 2 NE V4 LsdI2-t5-52-24-5 



BLOCK LOCATIONS 
1963 BULLET PLANTING 

Camp 29, Cutting Blocks 30 a 121 

� 
0 . �� 

"§§ B�k2 � 
� ��� 

Lsd7 � 
� 

'-....: 

LSd:2 ,,-"'" ...!-sd.8 
� 

I LSd.,------- ____ ___ �r2 - 1_-

OBIOOkl 

" .-
Sec 19-52-25-5/ I 

Scale 1"=4chains 

Bleck I NWV4 Lsdl-30-52-25-5 
Block 2 SWI/4 Lsd8-30-52-25-5 

"'1'1 



T 
I 

3 0  

1 

1963 Bullet Planting -- Treatment Allocation 
Site �� (Camp 22) - Bloc k I .• Not 5c:orifie d 

31  32 33 34 35 36 
wS wS wS w S  w S  

Not 8w •• K:J �-o II./N',,,rs I-CJ 8";I#K� Planted 
AUG JULY JULY J U NE J U NE 

30 29 28 27 26 25 
wS IP wS 

Not wS IP 
too I'WI!�!> 1-0 Planted I 1-0 Il-we,1f6 

JUNE JULY S EPT JULY SEPT 
19 20 21 22 23 24 

I P  wS wS IP 
Not too t-O Not II. w'oIte,c':s 11-w'.,K, Planted Planted 

JUNE SEPT A UG t A UG 
1 8 17 16 15 14 I 13 
IP wS IP IP IP IP 

8v{efJK,6 lI.wetlKs 1-0 :l-O 1-0 t /L-D 

AUG SEPT JULY JULY SE PT I SEPT 
7 

I� 9 I� ,'� 12 
wS I w S  

2,-0 N o t  I IltvV.etf, 6unll.r.s /-0 Planted \ 1-0 

AUG AUG JUNE JUNE I JULY 
6 5 4 3 2 I 

wS IP IP IP wS IP 
1-0 8 weeJ:6 8.-Jt!!!e£s fl-O I. IIJC4,£. e ... nuK6 

AUG J U N E  , SEPT AUG JUN E  JU�Y 

Block 2. - Scarified 

31 32 33 34 I 35 36 
I P  wS IP wS IP IP 

1-0 16;./.tt4 8weeK, �-D I' <II.clC, �-o 

AUG SEPT AUG JUNE JUNE JUNE 
30 29 2 8  27 26 25 

IP wS wS I P  wS 
Not 

8r.r1etl�$ Planted 1-0 /-0 ,zoo �-o 

JULY SEPT JUNE SEPT A UG 
19 �o 21 ZZ ;: fp� Not IP Not 

Planted /l-O /6weeJ: Planted 2-0 ;(.-0 

SEPT SEPT JULY JULY 
18 17  I 16 15 14 13 

wS wS wS IP i IP I Not 16 ",eeK$ 1-0 /-0 2.-0 
Planted Itwee£6 

AUG AUG JULY AUG AUG 
7 8 9 10 " 12 

IP wS I P  w S  I IP 

II:. u.oeeK.s S ...... e,c.s 
Not 

1-0 /-0 

I 8 ",-,6e.l::$ Planted 

JULY J ULY JUNE JUNE SEPT 
6 5 4 3 2 I 

IP wS IP wS IP wS 
1-0 lJ-.� 8...,_.t:"s 1'- wttt!rs 8....,ec�!S 8 .... _4 

JULY JUNE S EPT JUL Y JUNE AUG 



1963 Bullet planting Cell Treatment 
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1963 Bullet Planting Cell Treatment 

Site 4 (Camp 2 9) - Block I - Not Scarified 
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APPENDIX :3 

1964 Bullet Planting 

Block Locations and Cell Treatment 
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1964 BULLE T PLANTING CELL TREATMENT 
Site 0 .. North Slope <Camp 2 2 ) Scarified B l o cks 
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1964 BULLET PLANTING - CELL TREATMENT 

Site 5 - North Slope - (Camp 22)- Unscarifled Blocks 

32 33 34 35 36 
wS wS wS ,WS wS 

JUNE SEPT JUNE AUG A U G  

5 
27 
IP 

AUG 

4 1 G) G) 4 
19  20 2 1  22 23 24 
IP I P  wS wS IP I P  

SEPT AUG SEPT JUNE JUNE JUNE Block I 
I (j) 6 

17 16 15 14 13 
wS wS wS IP  wS 
AUG JUNE JUNE AUG SEPT 

I @ ® @) ® 
7 8 9 10  I I  1 2  
IP wS wS I P  I P  I P  

AUG AUG AUG JUNE SEPT SEPT 

(i) 3 @ 
3 2 I 

wS I P  
AUG AUG G) (i) 

31 32 33 34 35 36 
IP IP IP  wS wS wS 

JUNE JUNE SEPT JUNE AUG SEPT 

CD @ @ <D <D @ 
30 2 9  28 27 2 6  25 
wS wS I P  I P  wS wS 

S EPT S E PT JUNE AUG JUNE AUG 

® (j) ® (j) @ ® 
19 2 0  21 22 23 24 

wS wS wS IP IP wS 
JUNE JUNE AUG AUG SEPT SEPT 

® ® @ ® ® @ Block 2 
1 8  1 7  1 6  15 1 4  13 
wS IP wS IP IP I P  

AUG JUNE SEPT SEPT AUG SEPT 

(j) (4) ® ® <V G) 
7 8 9 10  I I  12  
IP wS IP I P  wS wS 

AUG JUNE AUG SEPT AUG JUNE 

@ (j) ® ® ® @) 
6 5 4 3 2 I 
IP wS IP IP IP wS 

JUNE AUG AUG SEPT JUNE SEPT 

® @ <§) CD (j) CD 



1964 BULLET P L ANTING - CELL TREATMENT 
Site 6 - South Slope - (Camp 22) - Scarified Blocks 
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1964 BULLET P LANTING - CELL TREATMENT 
Site 6 - South Slope - (Camp 2 2 )  - Unscarif Ie d Blocks 
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