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ABSTRACT 

Field tests of ball planting, using plastie, bulkt-shaped eontainers, were 
initiated on a varipty of sites ill til(' High Foothills Section of west-eentral Alberta. 
Preliminary survival results indicate that llllfprtilizpd lodgepole pine and whitl' 
spnH'p sppdlillgs, pight wppks of agp alld older, ('an be su('(�essfully planted through
out the frost-fre(' season Oll a widl' range of sites alld s('('(lbeds. Further devPlop
ment of the techniqup is reeomnwndec! and may result ill a fast, low eost regenera
tion method of widf' applieation. 
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Preliminary Results of a Field Test of Bullet 

Planting in Alberta! 

by 

H. F. ACKERMAN2, D. 1. CROSSLEY';, 
L. L. KENN"EDy4 AND .J. CIlEDZOyi• 

INTRODUCTION 

The development by \ValtPrs ( 19H I, 1 �Hi3) of a planting "g un" designed to 
set o ut sel'dlings grown in b ulll't-shapl'd, plastie eontailH'rs has "triggered" a 
resurgenee of interl'st in ball planting. Although m uch of thl' interest is presently 
foeussed on thp planting gun, the signifieant q uestion at this time is field s urvival 
and dl'velopmpllt of seedlings grown and planted out in the plastie contaiIH'rs. 

In HHi2 and W63 tilt' Alberta Departmpnt of Lands and Forpsts, North 
Western P ulp and Power Limitpd, Alb(>rta Departml'nt of Agric ulture and the 
Department of Forl'stry eo-opPratl'd in the pstablishmellt of experiments to 
determine the following: 

I. Is s urvival and growth of b ullet-planted sto('k s uffieientiy good to 
warrant f urther dl'vl'lopment of the tl'('hnique'! 

2. Can b ullet planting be s uccessfully employed throughout the frost-fr('(' 
season? 

;3. What minimum age of stock will give a reasonable level of s urvival'? 

-1. Is the method applieable to a variety of sites and seedbeds'? 

The {'eonomie feasibility of mass produetion of these units was not studied. 
Nevertheless, the possibility of continuous planting throughout the frost-free 
season, and the rate of t urnover at the n ursery, as controlled by the age of stock 
]"l'quired, have a direct lwaring on this q ul'stion. 

REVIEW OF THE LITERATURE 

Interest in hall planting (defined as the lifting, transporting and planting of 
stock with a larger or smaller "ball" of soil attachl'd to tlw roots ( Heiberg, 193-1) 
is justified, for the technique offers a n umber of important advantages over 
conventional, exposed-root planting ( Anon. H)58; Me Lean 19;"')9; Heiberg HI3-1; 
Oramas 19-12; Petre 19-19; Pato 19-10; Walt PI'S HHi 1). Som(' advantages are: 

1. Inereased seedling s urvival and j uvenile growth, attrib utable to the 
fact that: 
(a) seedlings are planted in the soil to whieh they are ac(' ustomed, 
(b) there is no me('hanieal or climatie injury to roots, 
(c) interruption of growth (planting cheek) is I'l'duced to a minimum 

and the seedlings ('an more quiekly adapt to the IH'W environment, 
(d) a uniform high standard of planting, and 
(e) the mdhod facilitates location of seedlings ill favorable mierosites. 

1 Departllient of Forestry, (:anada, Forest Research Branch C(Hltrihution No. ()66 
2Rese3.rell Officer, Forest Research Branch, DepartllJent of Forestry, Calgary. Alhertu 
Jehief Forester, North Western Pulp and Power Limited, Hinton. Alherta 
IForester, Bih-icultllfE", Forest Management Brandl. Department of Lands and FOff'sts, Edmonton, Alberta 
:'Superintendent. Provincial Tr€'f' �ursery. Departillent of Agricuituff>, Edmonton, Allwrta 
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:2. The possilJility of pxtt'lldilll!; th(' plalltinl!; spason throughout the ('ntire 
frost-free period. 

;�. With an extended planting period a s('mi-p('rmallcnt, train('cl planting 
crew can lJe organized rathN t hall the mak('shift CTf'WS normally 
employed in spring and fall planting. 

L The method iPnds itsdf to a variety of t l'patnlPllts d('signpd to promote 
I!;rowth and survival in the nursery and aftpl' planting out e.g. sppeial 
soils, fprtilizers, auxins, containers adapted to diffpn'nt fidd conditions. 

In addition to the advantages list('cl for hall planting, til(' propospcI use of a 
small container and plantinl!; by clihhl(' or gun should result in a hil!;h planting 
rate alld a corwspoJl(ling reduct ion ill field costs. 

Ball plantinl!; is not a new proC{'tiu!'(' in world for('st ry. The literal llrP contaius 
many reff'rences to the pract ice for a varipty of speci('s and n'l!;ions . .  \ fe\\' ('xam
piPs are cited below. 

I. Tools for lifting and r<'planting natural seedlings wh('re rel!;eneratioll is 
overabundaut (Anon. 1 I):):� ). 

2. Machines for the use and manufacture of soil or p('at" briqllettps", pots 
of orl!;anic soil, peat pots, soil blocks and bricks (Anon. H)5-E, l!lGDa; 
1I('iberg 11)3-1; Frohlich H);jD; Hoosen and Thurnau U);j7; 'Vake Inn). 

:3. Ese and manufacture of containprs made from paper, cardboard, tar 
paper, roofing paper etc. (Anon. ] 1)5Db; Dopper U);j!); Bdtram 1 I)·Hi; 
IIeibng J!);H; Kimbrollgh l!HD; ()ramas 11)·1:2; Petre 1\)·H); "eil!;a H)-lu). 

-L Containers of plastie (Anon. 1 D;j8; Clauzl!I'e [!J,j(i; }IeLean H);j!l; 
Walters I!H; I, 1\)(;:3). 

;J. Containers of tin, galvanizpd iron, jam tins et('. (Anon. l!)·W, HH7a, h, 
1\)58; Spafford JI)-18). 

6. Leaf baskets e.g. palm leaf, banana leaf (Anon. HH7c). 

7. Planting tuh()s of bamboo, sunflower stem etc. (Anon. ID-l8; Kith 10-lH), 
(iCllPrally, seedling survival has heen hil!;hn with ball planting in its many 

forms than with eonvcntional plantinl!;, particularly on dry, difficult sites. Plant
ing costs hO\n,ver have also jwcn sOlllPwhat higher. The hil!;her costs reported in 
the literature probably r('sult from failure to d('ve1op the teehniqu(, beyond the 
experimental stage. Certainly, if I1wthods and containers similar to those 
employed by ('ithN Walters or:\IcLean prove successful, fidd eosts ",ill he 
suhstantially lower than for eonv('nt.ional planting. 

METHODS AND MATERIALS 

Description of the Area, Site and Climate 

The study was conducted in the rpper Foothills Sectioll of the Boreal 
Forest Hegion of west-central Alberta (How(' IH5!)), on the pulpwood lease area 
of :'\orth ·Western Pulp and Power Ltd., Hinton, Alberta. Chara('t('ristic topog
raphy is a series of high hills (-l,000 to G,OOO fef't) and deep valleys underlain 
by :Mesozoie and Palaeozoic sandstones and shales. Soils are normally glacial, 
colluvial or alluvial in origin and show podzolic development. 

All planting areas are located on lO-chain clear-cut strips or large clear-cut 
blocks which earried either pure, even-aged, merchantable white spruce (Picea 
glauca (Moench) Voss val'. alberhana (S. Brown) Sarg.) or lodl!;ppole pinp (Pinus 
contorla Doug!. val'. lalifolia Engelm.) of fire origin. 

The sil!;nificant features of each site planted in 1 9(,2 and 19G3 are shown in 
Tahle 1. 



T.\BLE l.-·])]·:SCHIPTlU:\ of PL.\:\TI:\(; ;':ITES. 

Item 

('(n'er Typp 

ProduC'tiyity -Cords '�l('re. 

Logging date. 

;-O;eedbf'd trcatInent 

Topo!!. position 

::-;lope .. 

Exposure. 

�oil origin and fal)riC' 

Depth to water table 

Dept h to hedro(" k. 

(hgani(' horizon�. 

:-:'oil Inoisture. 

"eg. ("ornpetition. 

1962 Planting 

;':itt' I 

GO SO 

19.')i-58 

�('arifi('d 

tOP and "Plwr 
siope:-; of 
::;e<'OlHlan' 
ridge ' 

01;;% 

:\ and ::i 

\'ariahle 

sand \' IOtll1l 
till . 

(j' 

: ;)" 11101' 
; fresh 

moderate 

Site 2 

lodgepole pint' 

2(HO 

19(j(} (il 

s("arilied and 
undisturbed 

Illid-upPPf 
slope 

20% 

;-;andv loam 
till . 

1" Inor 

dry 

light 

lUG:l Planting 

white spru('(' 

40 GO 

Ul;3()- ii7 

1 s('ari fied and 
untiistllri>t'd 

TIlain valley 
bot to III 

nil 

nil 

. BnfIl1a1 

I ("oarse 
ailuviulH 

1-2" IHOI' 

very dry 

light 

Sitp 4 

whiu� spnwc 

40 (iO 

1%1 0:2 

:-;curilied and 
llIHli:::;turl>e(l 

plateau top 

{)(}f 
d 10 

!lonnal 

4" feather 1110:-;:3 

rlloist 

The foUl' sites are fairly r0pn'sentative of the Foothills Section. Slll'faee soil 
moisture regimes vary from very dry to moist. Surface organic horizons vary 
from a thin mol' to four inclws of fpather moss. Site 3. in particular, has a history 
of regeneration failure; mechanical scarification. s00ding and planting have all 
heen largely unsuccessful. 

Yegetative competition, although generally not a severe problem affpctillg 
regeneration after logging in this area, is a definite consid0l'ation on the more 
produdive sites. The four sites in this study vary ill this rpgard from a light 
herhaceous and grass ('over on Sites :2 ano 3 to a rieh shrub and grass co\'('r on 
Site 1 and inelude a fairly deep feather mOSi:l on Site ·f. 

:'Iean temperature and precipitation for the Hinton area during th0 summer 
months of UHi2 and 1 nn;:� are given in Table 2. Sin('p there aw no long term 
weather records availahle for Hinton, long term averages and HHi2 and 19G3 
data are also shown for Edsoll, located approximately ;")() mill'S past of Hinton. 

T,\BLE 2.--:\IE.\:\ TE:lIPEIL\1TltE ,\:\D PRECIPITATW:\ . HJGZ. 190;;. 

Loeation -Year 

IIinton 1962 
19G:1 

bboll l\JG2 
195:1 

Long; 
Term 

:I!ean Temp. 0 F. 

:lIay June 

45 54 
4(; .,)3 

4G ;;5 
46 ;);) 
48 54 

7 

Precipitation -·-int' he, 

July .-\Ug. i Total 
--.---�-

�.48 1. R:l 10.1.) 
2.5\J :3. 24 7. 2:� 

fi.50 2.80 Ii;. 00 
2. HJ 2.52 (i.81 
:3. 2 1  2 .  ni 10.8.') 

... --.-��----



The eiimatt' of til(' rt'gion is eharaet('l"izt'd hy winter-low, ;;umrner-high 
prt'eipitation, with approximately 3 inehes eaeh month in Junt', July and August. 
TIlt' HHi:2 st'ason was almormally wet, owing primarily to ahundant rainfall 
during May and .July. TIl(' 1 9()3 seasoll was ahnormally dry due to somt'what 
low precipitation durillg all months hut most particularly during .June. The 
drought condition dmillg .Julie 1 !)(i3, pre(,pdpd hy a rdativply dry :\Iay, is of 
particular illtprest. 

Experimental Design 
1,9(;;: Planting 

In Hlfi2 the following treatments W('l"P applied for lodgepole piliP and whitp 
spruee 011 pach of a north, levpl and ;;()uth asp<'ct of a sP('o!ldary ridgp (Tablp I, 
Sitt' I). 

Date of Planting 

'lay 1.'; 
June 15 
July 15 
.. \ugu,t 1.5 
September 1.5 

4 

4 
4 
4 

Age of Seedlings (\Veeks frorn seeding) 

12 
12 
12 

Hi 
Hi 20 

Transplant:-; 

1-0 
I 0 
10 
1-0 
10 

The design was !lot orthogonal beeaus(' there was insufficient time to produee 
th(' older sppdlings for spring planting. For paeh species, a block containing 20 
('plls ( 1.5 X 1 5  fpe!) was locatpd on eaeh of thp north, level and south aspt'ets of 
thE' site. TWE'nty age X date treatments \\'('I"P assigned randomly to thp ed}s in 
paeh hloek. 

I t  was originally 'intended to set out 100 sepdlings, at a minimum spacing of 
I foot in each eell. This was not possiblp in a lIumh('l" of t rpatmpnts jwcause of 

difficulties encountered at the nursery. 

The site of the I !}()2 planting, previously searified by t raetor, offered a 
variety of seedbed conditions. An attempt was madp to plaee one-half of the 
seedlings in each eell in a mineral soil seedbed and the other half in undisturbed 
organie seedbed. However, this procedure was not entirely eft'petivp for in some 
cells sealping 01' digging was required to obtain minpral soil whilp in othpr eells 
truly undisturbed organie seedbed was abspnt. 

Tallies of seedling survival wpre madp OlleP padl month during 19(i2 and in 
t 11(' spring and fall of HHi3. 

1.968 Planting 

In 1!}()3 an orthogonal. faetorial design was possible and tIl(' follO\\'ing tn'at
nwnts were applipd: 

I. Species 
(a) whitp spruep 
(b) lodgepole pinp 

2. Site -- (see Table 1) 

:3. Sadhed Treatment 
(a) searified 
(b) not scarified 

1. /)ate of planting-
(a) June 1-7 
(b) July 1-7 
(e) August 1-7 
(d) Spptpm\)PI' 1-7 



;). .1 (/i' of sccdling8 

(a) 8 week seedlings (from sepd) grown and planted out in hullpts 

(b) Hi week seedlings grown and planted out in bulkt:;; 

(e) 1-0 s('edlings transplanted into bullets 

(d) 2-0 eonvf'ntional, ('xpospd-root stoek lii'tpd imnlPdiatl'ly prior 
to planting 

A block eontaining 32 I'plls (30 X 30 fpet) was locatpd on pach site X sl'edlwd 
unit (a total of (j blocks). The 32 speeies X agp of stock X planting month trpal
mpnts werp assigned randomly to the eells in I'ach bloek. It was intendpd to plant 
;iO sPl'dlings within I'aeh tell, at a spacing of approximatt'ly -l feet. As in the 1962 
planting, this objeetivp was not attained for all trpatmpnts owing to gNminatioll 
and survival diffieuities at thp nlll'spry. R(,f'dling survival was tallipd pach mont h 
during the 19G3 season. 

In tIl(' 1 !)(i2 planting a millPral soil spedl)('d was neatpd WhNP l\('('pssary by 
,,('alping. III thp I !){i3 pxpprimpnt, rppeated on scarified and unsearifipd ar('as, no 
scalping was ulldpl'takpll. Repdlings were plaeed in what were ('ollsidpred to he 
the most favourablf' situations available, with dup rf'gal'd to maintpllan('e of a 
reasonablp spacing. Thus on HlP unsearified arpas, nparly all sppdlings wpre 
plantpd in undisturi)('d organic seedbf'ds whilp on t ht' scarifipd areas advantage 
was takpn whpl'('vf'r possiblt' of HlP minNal soil and disturl)('d sppdl)('ds (,!,patt'd 
hy this trpatmpnt. 

Planting Materials and Methods 

'1'11(' plastic bullet dpvPloped by Wa\tNs (I !)(i I )  was uspd in I H(i2. This is of 
rnoldpd styrPIl(' plastie I /Iti-in('}l thick and mpasurns 2� inclws long by i-inch 
outsidp diametpr. Thp wall of thp bulkt i" wpakPnpd by a narrow slit extpnding 
from thp rim to a hole n('ar thp tip (Fig. 2). TIl(' container was modified slightly 
in HHi3. Thp dimensions of the npw container rpmained HlP same but the thickness 
of thp plastin shell was rpduced to 1/20-inch and three additional hoks \\,prl' 
added neal' t hp tip of the bullet. 

The planting stock was providl'cl by the Provincial Trel' :\ ursery of tlH' 
Department of Agrieulturf', Edmonton, Alberta. Germination, using sped of 
Hinton origin, was aeeomplished in thl' bullets in tIl(' nursery greenhousp with a 
water-misting systl'm. The sped lings in tIl(' bullpts weI'(' Uwn moved outsidp to 
sheltered flats until needed. The 1-0 stoek, also of Hinton origin, was lifted from 
the nursery seedheds and transplanted into the bullets ill the spring and uspd, 
as requil'('d, throughout the summer. Th(' stock employed is illustratpd in Figurl's 
1,2 and 3. 

The soil used in the bullets was a bla('k nursery loam eapped with a sand 
muleh. :\0 nutrients werp added to the soil or irrigation water. 

Planting of the seedlings ('ontaillPd in thl' plastic bullets was done with a 
dibble or punch designpd to makp a hol(' in the ground exactly largp I'nough to 
ar'commodate the bullpt. 

Th(' 2-0 conventional stotk was liftpd as rl'quirpd and tahn to the planting 
"ite with as little delay as possible. Lifting in May and holding ill eold storag(' 
was eOllsidl'l'pd as an altel'llative proepdurp. Howevl'r, a vpry large storage period 
would have bl'('n neeessary in this experiment and past pxperiellce with ('old 
storage, with the faeilities thm available, had bepn less than satisfactory. Lifting 
thp stock as I'f'quirpd was adoptf'd as the' lpssl'l' of two l'vils. 

Thf' 2-0 ('onvf'lltional stoek was sp! out with a planting hal', til(' ml'thod 
ClllTPntly ill USI' ill the area. 

9 



FlGcm: 1. White spruce seedlings used in 1962 planting. ,\gcs from lcft to right, 4 weeks, 8 weeks, e 
weeks and 1-0 t ransplants, 3/5 natural sizp. 

FIGUHE 2. Lodgepole pine seedlings used in 1962 planting. Ages from left to right, -f weeks, 8 weeks, 12 
weeks and 1-0 t ransplants, 3/5 natural sizp. 

1 0  



FWl'HE 3. 1-0 lodgppolp pin" transplan t in bulle t plantpd in mineral soil seedbed. 

RESULTS 

1962 Planting 

TIl(' llumb('l">i of whitp >ipnH'e and lodgepole pin(' planted, togPlJwr with 
p('l"(,Plltagp >iurvival to �"kpteml)('r I D(i;� and pro hable caU>ies of mortality are 
given ill Tablps :3 and -I- rpsp('ctivcly. Tll(,s(' data combine' all thrce asppcts and 
both mincral and organic s('edhpds. 

Spedling survival of both spru(:p and pinc for most planting months and 
ages, exccpt 4 w('pk, rangpd lwtwcpn 70 and \)0 pPl' ('pnt after two seasons ill the 
field. These results are most pn('ouraging. They indi('ate that young seedlings can 
he pmploypcl su(:cpssfully and t hat plan t ing t hl'Oughou t til(' frost-free season is 
('ntirely feasible. 

'I'll(' main ('ansc::; of >i(,pdling mortality in the I!Hi:2 planting \\"('n) rodent 
feeding, frost and smothering. Spring lossp::; from rodent fppding W('l'(' not dis
tinguishable from frost injury at the initial in::;ppetion, OlW month after planting, 
and arp thnpfol'P induded with climatic' losses in Tahir,s :3 and 4. It was later 
observpd however that rocknt fccding was largdy ('on fined to ·!-\H'ek-old seedlings 
immediately aftpr planting. S(,pdlings older thani \,"cph arp apparpntly llO longer 
palatabk. 

Both the '\Iay and August plantings \\"C'rp su hjp('(pd to frost shortly after 
planting. This is ('/Parly S('('ll in tlH' mortality figures of tIl(' 4-\\'('ek-old sC'pdlings. 
:-;eedlings 8 \H'pks and oldpr \\'Pl"(' Hot so SUs('ppt i hk and alt hough some damage 
ocC'ulTcd, mortality s{'ldom resulted. 

Frost heaving advprsely affC'dpd :20 pcr ("ent of all t11(' s('edlings set out in 
1!}()2 (17 P('l' (,pnt partially hpavpd, :3 ppr ('ent totally lH'avpd). Although heaving 
has not, as yC't, ('ontributpd significantly to mortality, the pro(:l'SS may aet as a 
check 011 root dC'vplopment and growt h. Sincl' heaving is most severp on large 
patches of ullshdtered mineral soil, this situation should Iw avoided ill future 
planting of hullpts. 

11 



Age of 
"to"k 

-1 wpek 

S week 

12 week 

16 week 

20 week 

1 0  Bullet 
Transplantfo> 

,\g(' of 
"to('k 

4 w('('k 

8 w{'('k 

12 w('ek 

16 w(,pk 

20 wf'ek 
---�------� 

I·() Bullf't 
Transplants 

T ABLE a. WHITE SPI{UCE "VHYIL-\L TO "EPTEMBEH 1%:\ 

1962 PL A1'\TI1'\G--ALL ASPECTS A:-': D SEEDBEDS 

Planting 
Month 

Mav 
Jul)' 
Au�u:st 
Septem ber 

June 
,July 
Au�ust 
September 

July 
Augu�t 
Septemher 

August 
September 

Septem ber 

May 
June 
July 
AUQ;ust 
Septem ber 

:-':umbe,' 
Planted 

21(i 

300 

:100 
282 

2Hi 

180 
:l()() 

H7 

21(i 

180 
292 

216 

180 

216 

:100 
aoo 

aDO 

300 
294 

2(\ 
,56 

14 

49 

71 

86 

8:1 

57 

86 

84 
92 

64 

86 

82 

70 

84 
92 

90 

no 

62 
29 
liti 
42 

21 

7 
9 

23 

2.� 

4 

9 

20 
10 
.') 
[} 
8 

,\pparent Cause of �Iortality 
Pen'entao:e of Total Planted 

Rrnothering 

12 

1:1 

20 

8 

R 
7 

R 
16 

\) 
10 

3 

() 

9 

7 

9 
(i 
3 
.') 
2 

Heaving 

2 

<1 

1 

<1 

<I 

<I 

4 

2 

2 

I 

2 

I 

<1 

T ABLE 4. ·LODCEI'OLE 1'11'\1-: St:I{\'lY.\L TO SEI'TEMBEI{ !lHi:\ 
19()2 I'LA:-':TI:-':(; ·ALL ARI'ECTR :\:-.:n SEEDBEDS 

.\pp'\r('�t ('au,,' of Mortality 
Planting :-.: umlwr PN('pntag!' of Total Plant"d 

Month I'lantpd 
('limati" [ . .,mothering Heaving 

�la:, 78 20 7H 4 

Jul�' 282 61 2H 13 

August 30 2:1 67 10 

S,'pt('m\H'r 256 4(; 4:1 10 

Jun(' 70 22 8 

,July 77 17 (j 
August 7ii 17 8 

S('ptC'm b('r 82 18 

July 72 20 8 

August 87 7 7 

SeptemlH'r 92 6 2 <I 

Augu,t Insuffi('ie 1t Data 
S('ptemlH'r 8:, 

.. �jI _��.r>.... 7 

Septl'mbN Insuffi"if'nt Data 

May 89 \) 2 
.Inn;' 92 5 :, 

.July 9:, (j 1 

Augu:-;t 8� n 2 

S ('pt ('nl bpI" H5 4 

Total 

74 
44 
Sfi 
51 

2H 

14 
17 

4;) 

14 
Iti 

8 

:lfi 
14 

18 

:)0 

Hi 
8 

10 

10 

Total 

80 

:39 
77 

64 

:10 

23 

2':) 

18 

28 
J:l 
S 

17 

11 
S 
7 

12 
,i 

Smothering by litt PI' killpd 7 pPl' ('Pllt of all tll(' sppdlings spt o ut. in HHi:2 and 
adversely affpcted t hl' dC'vplopmPllt of all additional Hl per ('Pllt. However, thpse 
losses were to a large C'xtC'llt avoidabl(" for morp than ,')0 per (,(,Ilt of all mortality 
d up to smothprill!.!; was a direet result of til(' ('rpatioll of dC'pressions or holl's in 

l:2 



the pffort to obtain a mineral soil seedbed. It is safe to assume that s urvival would 
have been approximately Ei per tent higher had this praetiee bepn avoidcd. The 
effeet of smothering was most pronoUlwed on t hc smaller, youngpr seedlings and 
provides strong arguffiPnt for the use of large vigorous stoc·k. 

Signifieant differen('es betwe('n thp s urvival of spl'Uee and pine aI'(' not pvidpllt 
in the H)(i2 expPI'iment. Both spp('ies were subject to the same major ca uses of 
mortality and in most cascs, to a similar dpgree. One possihle t'xception--Iodge
pole pine, a largPI' more vigorous seedling than spruee was less s ubject to smother
ing. This is most evident for the 1-0 transplants. 

It has not been possible to demonstrate signifi(,ant effects of aspe('t or seedbed 
on seedling s urvival in the l$Hi2 experiment. The soil was fresh and t IlP I !Hi2 
season was moist with frequent and ab undant rainfall d uring all months (Tahle' 
2). Both factors tend to obscure an independent effeet of aspect on s urvival. 

The effeet of seedbed was eonfounded by several factors: (a) the study area 
had been previously scarified, (b) truly undisturbed organic seedbed was either 
searee or absent in some ('ells and (c) the sealping and res ultant a hnormal 
mortality (smothering) assoeiated with the mineral seedbed. The signifieall('(' of 
a minpral soil seedbed with regard to fl'Ost heaving has b('£>n noted. 

1963 Plan ting 

Th£> analysis of variance of percentage s urvival to Septembpr I Hti3 is pre
s('nted in thp Appendix. Owing to the preliminary stage of the investigation 110 

attempt has been madp to interpret results beyond HlP first-order interactions. 
r II addition, all variance beyond first-ordPI' interactions has been pmployed as 

PITor term. This procedure, although q uestionablp statistically emphasizes the 
main trends in the data whieh is all that ('an be l'f'asonably expC'eied at this timp. 

All main pffeets in this experiment excC'pt sC'edbed are involved in a signifi
('ant first-order intpraetion, indieating that the effects on l:iUl'vival of all factors 
pxcept seedbed are dependent upon thC' level of one or morp of the other fadors. 

Three first-order interaetions are signifieant; age X month, species X aile and 
site X month. Thp aile X month and species X age intemctions are showlI in TablP 
;j; the presentation of pen,pntagp s urvival hy species, month of planting alld age 
of stock. 

TABLE 5. - 196:3 PLA:>;TI:>;G-PE RCENTAGE Sl" RVIVAL OF SPIU:CE A:>;1) 1'1:\1-: 
TO SEPTEMBE R J963-ALL SITES A:>;D SEEDBED T REATME:\TS 

Planting Month 
Ag<' of I'Ho(' k 

.lUll(' July 

Spruep--Per('entage Survival to S"ptpm ber 19()3 (:>;urnber Planted) 
.--'-"" ----.�--

S wppk builds 
Hi wpek bullets 
1-0 bullpt transplants 

lllean----all hull('ts 

2-0 ('onventional sto(·k 

IllPan -all sto('k 
-_.-.----_._- -.-.-

�-- " -------�-""�-�- ---�"----� 

38(300) 70(82) 
72(300) 7il(299) 
28(300) 83(300) 

46(900) 76(68 1) 

;)6(:300) 44(300) 
"- ---- -- ------" 

4:3( 1200) fl8(98 1  ) 94( 1020) 

Pin(' --I'pr('pntagf' Survival to SeptE'llltlPr 1963 (:\urnI)('r Planted) 

S week bullets 
16 week bull('ts 
1-0 bullet transplants 

mean--all builds 

2 0 conventional stock 

lllean---all stO(' k 

74(78) 
49(300) 
:32(300) 

.52(678) 

34 (300) 

47(978) 

H6(300) 

95(971 ) 

! 

.-\11 

67(502) 
80(899) 
()8(9OO) 

72 (2:l0 1 ) 

.';9(900) 

fl8(;3201 ) 

81 (4:11) 
80(f>4() 
ii7(850) 

7()(HJ27) 

6 1(900) 



The ))('st ovprall survival (approximatC'ly 80 pC'r cC'nt) \\·as obtained with 8 
and Hj \n�C'k sC'cdlin!!;s !!;l'Own and sd out in bulkts. ;\ny advanta!!;C' !!;ained by the 
usC' of Hi wcC'k sC'C'dlin!!;s rather than 8 wC'pk, is C'vidpllt only for spruce planted 
durin!!; tIl(' pxtrC'IllPly dry month of JunC' . 

:\Iean survival of the 1-0 transplants wa,.; wdl below t hat of 8 and ]() \\·eck 
seedlin!!;s. ThC' data in Tahk ;j shO\\· that this l'P:''lIits from t he very poor sU1Tival 
of the .TunC' plantill!!; . Survival of 1 -0 transplants sC't out in .July ami .\U!!;lIst was 
('xeelknt. The sev('!'e mortality of 1-0 transplants sd out in Junl' is attributed 
lar!!;ply to the drou!!;ht. Also, thl' .TUllP trallsplants may not havp had time to 
establish themselvps in the builds hdore plant ill!!;, makill!!; thC'm par1ieulariy 
scnsitiv(' to moisturC' str('ss . 

The ('onv('ntional. ('xpos('d-root planting of :2-0 sto('k \yas the least SW'('C'ssful 
of all treat.ments. :VIany t I'('es of the JunC' alld July plant in!!; \\,('1'() badly wilted 
wllPll set out and simply faikd to 1'('('ovC'r. The ('ff('('i of l ift in!!; and planting 
durin!!; the sprin!!; !!;l'Owth period, a!!;!!;ravat('d by the Junc drou!!;ht can he held 
respollsible. Tlw Au!!;ust and Septpm)wr plalltin!!;s morp ('losdy n'sPlllble a 
"normal" operatioll and w ill provide a bettn basis for ('omparisoll \\·jth lmllet 
plantin!!; when IClll!!;-term survival r('('orcls an) availabk. 

The si/e X mOltlh illt('raction is Shm\"ll in Tabk (\ for S alld l(j \Y<'ck-old 
s(,pdlin!!;s !!;rown and spt out in hulkts. 

T.\BLI-: 6.--HlG:l I'L,\:\"TI:\"(�--I'EI{cE:\T.\(;E kl·!{VIL\L TO kEI'TEylBEH 1%;1 OF 
II-WEEK A:\"]) Hi-WEEK k EED LI :\ (; k BY HITI·: .\:\ ]) �1O:\Tll Ol: I'L\:\TI:\G

.\1.1, SPEC!I';" A:\D " F EDBEl) TIU-;.\T\IE:\Tk. 

:\;0.2 
�o. :::. 
:\"0.4 

All 

�itt' .lUll" 

G2(:12Ii) 
42(:l2G) 
72(:12G) 

5H(978) 

\lont h of Planting 

.July Aup;lI�t 

1>(>fTPntag(' SUfvi\"al (:--';ulnlwr Planted) 

70(224) 
76(217) 
90(218) 

7!l((i.')H) 

89 (2k4) 
9n(274 ) 
97(2S�) 

!J.'i(841) 

74(8.14) 
72(817) 
8fi(R27) 

77(2478) 

A VC'ra!!;in!!; all mont h::;. survival \\"as h i!!;hp::;t on Site 1 (moist till) and lo\\-est 
Oil Sitp 3 (dry alluvial gravel), The VC'ry low survival of the June planting on 
Site 3, the rpsult of the ('ombined e'fTpc;is of dry site and 1m\" pr('('ipitation, is the 
SO\ll'('C' of most of tIl(' intprattion varian('p in these data. Survival Oll all sites \\·as 
l"('latively good for the .JUly and Augm,l plantings. 

Se('(lIwd tn'atnH'llt is the only variablp in tIl(' ('xpC'l'inwnt not illvolvpci in 
an illtpradion. Survival of 8 and Hi-w('('k sppdlin!!;s, for all trpatnwnts, avpra!!;('d 
!) ppr ('pnt hi!!;hn Oil th(' s('arified blocks than on tlw ullsearifiC'd hl()('ks (Table 7). 

T.-\B1.I·; 7. l!)G:l 1'L.\:\"TI:\"G I'E!{CI·::\"TA(;I·: 
kl·ItYIY,\L TO HEPT. UW:l OF S-\H:EK .\:\D 
!fi-WEEK "EED1.I:\(�" 0:\ H('.\IUFIED .\:\"1) 

(':\"HC.\!(IFIED BLOCKS.--.\LL HpI·Tn;s. 
sITES. A(;!':k A:\D I'L.\:\"TI:\"G �\IO:\T1IH. 

kl'c(lIH"d T ,.('a t Illent 

kearifiNI 
:\ ot ;·l<-"ri fi(,d 

Per('<'ntag(' �urvi \"al 
(:\"o.l'hplted) 

1'2(12:14) 
7:1(1244 ) 

Thps(' preliminary data Sll!!;!!;PSt that tra('tor s(' arifi('atioll, as practised 011 

the' kasp area of Xorth 'Vestern Pulp and Po\\'C'r Ltd. may ))(' 11 favourable pre
plantill!!; trpatnH'llt. It should he noted, h()\\"('v('t", that tll(' eff('cts of frost lH'avin!!;, 
\\"hieh \yill be most seveJ'{� on the searif-ied blo('ks, ('allllot l)(� evaluaU)d for another 
year. 

1-1 



The principal causes of mortality in the HHi;) planting have lwen: 
(l) lack of precipitation in .J une affecting all ages of stock. 
(:2) the use of 2-0 conventional stoek lifted and planted during the period 

of active growth. 
(;3) planting out 1-0 t rallsplants )wfore t hey weI"(' properly established ill 

the bullets. 
To date, llone of t he major causes of mortali ty noted in the ] t)G:2 planting 

have been important in the HHi3 planting. Loss to rodents was largely avoided 
by the use of seedling,; 8 ,,'eeb and older while frost did not occur during the 
planting period in 1 t)(i;3. �mothering and hpa ving loss('s ha vp yet to he determillcd. 

The undisturbed seedbed on ::-;ite ,� is a feather moss. :\Iortality may occur 
on this site due to envelopment of the bulkts hy til(' moss. ,\. long('r container 
may be uscful on this particular scpdbed. 

DISCUSSIOi\' 

Eight-week-old secdlings \\ ' ere the youngest used slHTPssfully in the planting 
trials. This stock. grown without nutrient anwndment,;, mllst be considered the 
minimum development ohtainahlP in t hat period of time. The size of spl'UC'e stock 
that can be growll ill 8 \\'Ppks with nut ripnt amclldments is shown in Figure .! 
and should be compared with the 8-weck spedling in Figure 1, grown withont 
amendments. The liSP of sw:h vigorolls stock ill futul'(' t rials should certainly 
increase survival and low('/' t he minimum age rl'<juil'('d for sw'('ess. r t is antici
pated that with the use of fel'tilizl'rs±-w('('k-old 8Pcdlings, 01' YOllnger will be 
sa tisfaetory. 

F((;CHE 4. IS-week-old white spruce seedling grown with nutrient amendments. :3/5 natural size. 



:\0 data arp available as ypt on top or root growth. t:-leedling growth is slow 
in til{' High Foothills Spction of Albprta under the bpst of eonditions and it is 
antieipated that thp pariiest praetieal datp for growth measurements will be 1965. 
During Septpmber H)()3 sevpral spnwp and pine sppdlings planted out in May, 
1 H62 werp pxeavated to observe root devPiopment. As might be expected root 
development vat'ied as mueh as top dpvelopment. In somp instancpS til{' roots 
had not grown beyond thp eontainer while in ot hers wdl dpveloped root systpms 
Wf'l'e in evidpnee (Figurps 5 and 6). 

The suitability of the plastic eontainer used in these trials has not been 
pstablishpd for the possibility remains of mortality or a severe growth cheek as a 
rpsult of rpstrietpd root dpvplopnwnt. Observations to date indicate that the roots 
will grow out of the plastic ('ontainN providpd there is a suitable substratum. It 
is questionablp, however, whether thp roots will break the container when they 
become ('onfined by the exit holes. Further root devplopment in plastic: eontainers 
will be followed closely. In the meantime field tests have I)(,pn initiatpd to investi
gatp a number of other containpr materials and designs. 

I t is difficult at this time to ('omment on the problems and ('osts of mass 
produdion of sppdlings grown in small containers. As ypt, little or no rpseareh 
has l)('en undertaken on the many problems that will be en('ountered in the 
culture of these units. X everthelpss, if fairly young seedlings are su('cessful, 
summer long planting is feasihlp and if advantage is takpn of mechanization 
thpre appears to be no reason why these units could not be mass produced 
p ('ollOmically and with a fraction of thp establishment prpsently associated with 
forest nursprips. 

Thp main objeetive of thp fiPid trials deseribed in this report is to ddermine 
if the technique of hullet planting has sufficient promise to warrant further 
devplopment. The preliminary survival results indicate that such is indeed the 
case and researeh will he initiated on spedling ('uiture as rapidly as staff and 
fa('ilitips permit. 

SUMMARY AND CONCLUSIONS 

III I \}{):2 alld 19(i3 field testing of bullet planting was initiated in the High 
Foothills Section of the Boreal Forest Region of AlbNta. Whitp spruce and 
lodgppole pine sppdlings, varying in age from 4 wepks to 1 year werp grown and 
planted out in plastic, bullet-shaped eontainers paeh month of the frost-fre(' 
spasons of 1 fHi2 and 1 !){)3, on a varipty of representativp site and spedbpd ('on
ditions. 

Wit h the ex('eption of thp planting in .June 19fi3, all abnormally dry month. 
70 to 90 pPr ('ent survival is indicated for all stock older than -l wepks and for all 
planting months. In addition, thpsp data indicate littlP or no advantage ill the 
lise of unfprtiliz('d stoek older than 8 weeks from seed. 

The rpsuits to datp, although prPliminary, indicate that the ter·hllique will 
havp wide applieation, for survival has been satisfactory on a widp range of site 
and sepdbeds characteristie of the region. 

The l'('sults provide a strong argument for further resear(,h and rapid 
dpvplopmpnt of bullet planting. Additional research is urgently l'Pquirpd in 
nurspry grpenhouse techniques for mass production, in the use of fprtilizers and 
in the design and testing of improved containers. The reward, a fast, low eost 
planting method that can be employpd throughout the frost-frpp season is 
manifestly worthwhile. 



FIGl'Rt: ,,) , Root devdopm('nt of 1 0 loogepolp pin(' ""'dling plant(,d in �fay 19(;2 and p,,'avatpd in :-i,'P
t('mher 196�, ) natural ,izf>, 
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FIGC m; 6. Hoot development of 1-0 white spruce seedling planted in :,\Iay 1962 and excavated in September 
1963.3/5 natural size. 
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SOMMAIRE ET CONCLUSIONS 

En 1962 et 1963, on a commence a faire des tests de plantage dans la seetion 
des hants eontreforts des Rocheuses de la foret boreale de l'Alberta. Des semis 
d'epinette blanche et de pin de :\1 urray, dont l'age variait entre -1 semaint's et 1 
an, et q ui etaient contenus dans des eartouches de plastique OU ils avaient pousse, 
ont ete plantes, au COllrs dc's mois exempts de gel des annees 1 %2 pt H)(\;3, dans 
divprs($ conditions typiques de station et de tNrain de germination. 

A l'exeeption des semis plantes pn j uin 19H3, alms q ue Ie temps f ut anormale
ment see, de 70 a 90 p. IOO des plants q ui avaient a u  moins -1 semaines ont 
survecu, et ("eci s'appJique a tous les a utre's mois Otl on a fait du plantage. De 
plus, ks donnees ree ueillies'indiquent q u'il est peu ou pas avantageux de planter 
des s uj(·ts de plus de 8 semaines semes en terrain non engraisse. 

Les res ultats obtenus jusqu'a ee jour np sont q up preliminairps, mais ils 
indiq uent q ue la methode dp plantagp pn eartouches de plastiq ue est destinee a 
acquerir une grande vogue, ear ks plants ont SUl"VeCU en forte proportion dans 
une vaste gam me de stations et de terrains de germination q ui sont caracte
ristiques de la region Otl les essais ont eu lieu. 

Les res ultats des essais militent fortement en faveur de recherches plus 
poussees af1n de mettre au point la methode de plantage dp semis ell cartouehes. 
II y aurait lieu de poursuivre sans tardN les experiences pn s(�rre de pepinihp 
sur la production PIl massp, s ur l'emploi d'ellgrais, ainsi que s ur la eon('pption et 
la mist' a l'essai de cOlltpllants pprfectionnes. Parvenir, comme fruit de tellPs 
recherches, a mettre a u  point UlH' method(' de plantage pe u c011tells(' et applieable 
durant toute la periode ('xempt(' de gel, serait Ull gralld SllCCeS. 

APPENDIX 

Analysis of Variance-Percentage Survival to September /63 -- ·1963 Planting 

SOllf(�e 

Total ......... . . 

:vrain Effects 
Species ..... . 

Site. 
Seedbed Treatment. 
Seedling Age. _ . . .  . 
Planting :\Ionth ............ . 

First Order Interactions 
Species x Site. 
Species x Seedbed .... 
Species x Age ... 
Species x :\Ionth ... . 
Site x Seedbed ... . 
Site x Age ... 
Site x :.vIonth. 
Seedbed x Age. 
Seedbed x !'.Ionth .. 
Age x :Vlonth. 

Error 

'Signifioant@ 5% level 
"Significant@ 1% level 

Degree 
of 

Freedom 

2 

2 
1 
3 
2 
2 
(j 
'f 
;3 
2 
(j 

103 

19 

! 

Sum 
Squares 

GS,70D.-! 

;3H.O 
;3, -!7\!.-! 
1,277.2 
4,GI5.4 

;3-!, :)7:3. \) 

:17.7 
15. :) 

I,004.S 
2U2.0 

4U.O 
1,51S.G 
2.20S.5 

200.2 
27.5 

5,{j(j2. :3 

1:3, (jo;). G 

;\Iean 
Squarp 

:-\H.O 
l.n9.7 
1,277.2 
1, 5;3S. 5 

17.1SG.() 

IS.S 
15. :-\ 

3:34. \l 
J.1G.O 

2-!.5 
25;3.1 
552.1 

fiG.7 
13.S 

\)4:3.7 

1:)2.1 

F. Ratio 

2.liO 
n.17** 

D.G7** 
11 . G5** 

130.10** 

0.1-! 
0.12 
2.54* 
1.11 
O.H! 
1. III 
4. IS** 
0.50 
0.10 
7.H** 
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