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ABSTRACT 

Experiments carried out during 3 years with balsam fir stem cut-

tings, showed that rooting decreases and mortality increases with increasing 

height of stock plants and age of nursery-grown trees. Cuttings from the 

lower haif of crowns root and survive better than those from the upper haif. 

Removal of needles at the base and basal wounding of cuttings, before treat- 

ment with IBA in talc, are beneficiai. 	For easy rooting and subsequent 

planting, the following media can be used: sphagnum, sphagnum or peat moss 

mixed with vermiculite (3:1 or 2:1 by volume), and peat moss mixed with sand 

(2:1). 

RÉSUMÉ  

Des expériences effectuées pendant 3 ans avec des boutures de 

tiges de sapin baumier ont démontré que l'enracinement diminue et la morta-

lité augmente à mesure que s'accroissent la hauteur des pieds-mères ainsi 

que l'âge des arbres cultivés en pépinière. Les boutures provenant de la 

moitié inférieure de la cime s'enracinent et survivent mieux que celles pro- 

venant de la moitié supérieure. 	L'enlèvement des aiguilles basales ainsi 

que la pratique de blessures avant le traitement de boutures à l'AIB dans du 

talc sont bénéfiques. Pour faciliter l'enracinement et la mise en terre 

ultérieure, les substrats suivants peuvent être utilisés: sphaigne, sphai-

gne ou tourbe mélangée avec de la vermiculite (3:1 ou 2:1 par volume) et 

tourbe mélangée avec du sable (2:1). 
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INTRODUCTION 

Baisam fir (Abies ha7samea(L.) Mill.), with fts fragrance, pyra—

midal form, soft foliage, pliable branches, and long needie retention after 

being cut, is one of the most prized Christmas tree species in eastern 

Canada. In Quebec, baisam fir is abundant and in great demand. It responds 

rapidly to fertilization and shearing practices and develops into a high 

quaiity tree much more readily than other species. 	For these reasons, 

Christmas tree growers in the province have concentrated their attention on 

baisam fir. 

Abies baiscimea varies considerably in tree characteristics. 	A 

survey of this species during autumn of 1975, with the assistance of Mr. 

Jean Dumoulin, Forestry Engineer, in plantations estabiished at Gouid, 

Quebec (45°35'N latitude, 71°32'W longitude, elevation 300 m) with a local 

provenance, showed the following characteristics to be among the most desir—

able for Christmas trees: dark green foliage; long needles (2.5 cm); 

needies spreading upward (flot 2—ranked) on branchlets; upright branches 

(acute branch angle); five branches or more per whori; and numerous and 

weli—arranged buds on leaders. Trees possessing all of the desirable 

characteristics were obviousiy phenotypically superior or plus trees and 

were seiected for propagation by stem cuttings. A review of the literature 

pertaining to propagation of this species by cuttings was made and is 

summarized. 

MacGiilivray (1957), prepared cuttings 18 cm long in mid—February 

with need les removed on 8-10 cm of the base and planted them to a depth of 

5 cm in coarse vermiculite under intermittent mist in-a greenhouse. Half of 

the cuttings had rooted by mid—May. In 1964 Briggs indicated in a table 

that cuttings of dwarf balsam fir (Abies balsamea 'Nana') made in December 

root siowly in sand and shouid flot be transpianted until well rooted. 

Unwounded cuttings taken by Elk (1965) in October were placed in a propaga—

tion box containing a peat moss—sand mixture (1:1 by volume) and covered 

with double glass. 	Cuttings rooted best after 11 months if they had 
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received no chemical treatment at ail. 	Bottom heat (temperature flot 

specified) was beneficial before and after winter. 

Cesarini (1966) reported that cuttings of the cultivar Nana are 

easy to root. He took cuttings 3-4 cm long after a heavy frost, removed the 

needles from slightly more than 1 cm of the base, and treated the cuttings 

with Hormodin 3 before sticking them in sand where they rooted slowly in a 

cool greenhouse. 	The rooted cuttings were left in the rooting medium to 

permit the new shoots to harden off. 

The resuits of a second experiment published by Elk (1966), re-

vealed that when bottom heat was used, cuttings of 'Nana' collected in mid-

September responded favorably to 3-indolebutyric acid (IBA) treatment 

(50 mg/L). Without bottom heat, cuttings rooted best if treated with IBA at 

50 mg/L plus 2% IBA in Captan. 

In a note published in 1969, MacGillivray described an experiment 

where cuttings were collected in early December from trees of Christmas 

tree size. Cuttings were taken from the upper third and lower third of the 

crowris. Needles were removed from the basal haif of each cutting and half 

of the cuttings of each crown position were treated with Seradix 3 (0.8% 

IBA in talc) and haif untreated. Roots were first observed in early March. 

Cuttings from the bottom third of the crowns rooted better than those from 

the upper third (40 versus 23%). Cuttings treated with auxin rooted better 

than the untreated (52 versus 10%). 

MacGillivray (1975) also used different temperatures in the 

rooting medium. Fie found that cuttings with no supplementary bottom heat, 

i.e. 20°C or ambient air temperature, rooted well, while cuttings provided 

with bottom heat at 26 or 30°C rooted poorly. In another experiment, where 

an attempt was made to clone trees 3 in tau, cuttings collected in December 

rooted best, followed by those of a July collection. Treatment with Seradix 

3 was beneficial to rooting. 
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My studies were conducted, between October 1975 and October 1978, 

to determine how the propagation of balsam fir by stem cuttings is affected 

by age and height of the stock plants, crown level (topophysis), auxin 

treatment, wounding, rooting medium, and a combination of factors mentioned 

above. 

METHODS 

Greenhouse 

Plant roaterial, rootinq environment, and treatment of cuttings 

Twenty-five wilding transplants, also known as improved wildings, 

which originated as trees iined out in the nursery for additional growth and 

treatment with insecticides, herbicides, and fertilizers at regular in-

tervals and for root pruning, were cut at ground level November 19, 1975. 

Ten trees from a 2 year old plantation and four trees from a 4 year old 

plantation were harvested in a similar way. 	In a 6 year old plantation, 

trees were flot cut because of their high commercial value. 	Instead, ten 

trees were selected, measured, and cuttings taken for propagation purposes. 

All trees mentioned above were originally improved wildings of a local 

provenance growing at Gould, Quebec (Table 1) in plantations owned by Mr. 

Richard Downey, Lennoxville, Quebec. 

Seedlings (3-0, St. Robert) and transplants (3-1, St. Jules; 3-2, 

Woburn) (Table 1) grown in a nursery at Berthierville (46005' N Latitude, 

73°10' W Longitude, elevation 30 m) were extracted November 20, 1975 and 

made available by the Ministère de l'Energie et des Ressources du Québec 

(MERQ). 

Ail plant materiai was transported to Sainte-Foy, Quebec, where it 

was stored under moist conditions in a dark 4°C cold room. Cuttings 

averaging 8 cm long were made by shearing the youngest terminal and laterai 

shoots in the approximate ratio of 1 terminai to 2 iaterais. The cuttings 

were moistened with water, dusted with Seradix 3 over 1 cm of the base, 

gently tapped to remove excess powder. Ail cuttings were inserted to a 4 cm 
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Table 1. Four balsam fir provenances propagated by stem cuttings 

Nuniber 	Origin 	Latitude 	Longitude 	Elevation 

N 	W 	(ni) 

1 Gould, Quebec 45035' 71 022' 300 

2 St.Jules, 	Quebec 41013' 71°57' 338 

3 St.Robert, Quebecc 45°48' 70032' 435 

4 Woburn, Quebec 45018' 70 0 53' 840 

depth in a mixture of shredded sphagnum moss and sand (1:2, by volume), 100 

to a wooden flat (58 x 37 x 10 cm), and placed on benches in a greenhouse. 

Intermittent mist operated 10 seconds every 10 minutes between 08h00 and 

16h00, daily. 	Ventilation was provided automatically when the air 

temperature exceeded 21°C. 	Long days were obtained by using incandescent 

light between 17h00 and 24h00, daily. 	The light was supplied by 60 W 

incandescent lanips located 70 cm above the surface of the rooting medium and 

spaced 90 cm apart. This provided a photosynthetic photon flux density of 

11.1 and 3.6 pEinsteins m2 s 	at the center and outer edges of the 

tables, respectively, measured at the level of the terminal buds with a 

Li—cor quantum meter (Li-185) and sensor (Li-190S) from Lambda Instruments 

Corporation, Lincoln, NE, U.S.A. 

The cuttings were examined at monthly inter-vals, beginning with 

the second or third month, to determine the number of cuttings rooted or 

those that had died. The experiment was terminated after 8 months. 

Experiment 1: age and heigkt of stock plants 

Trees of seedling and improved wilding origin varied in number 

with the source (Table 2) and were collected initially to study the effect 

of stock plant age on rooting of stem cuttings. However, after determining 

the mean age of the trees by counting the number of annual xylem growth 
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increments and finding very littie difference between wildings of different 

plantations, the trees were measured for height growth. For this experiment 

1 655 cuttings were made between November 27 and December 2, 1975. 

Experirnent 2: cr'own positions (topophjeis) and auxin treatments 

Cuttings, collected from four trees in a 4 year old plantation at 

Could, Quebec (Table 2), were taken from two crown levels. We collected 336 

cuttings from the upper halves and 228 from the lower halves. The cuttings 

of each position were divided into three groups and each group received the 

following treatments: no auxin, Seradix 3, and Stim-root 3 (0.8% IBA 

dispersed in talc). Observations were made as described in experiment I and 

the study ended after 8 months. 

xperiment 3: woundinçr and auxin treatment 

The cuttings were taken from 5 year old (3-2) transplants on 

December 4, 1975. Woburn (Table 1) was the provenance. 	Four wounding 

treatments were employed: 	1) untreated, 2) one vertical cut I cm long on 

the basal stem to a depth reaching secondary xylem, 3) removal of needles 

from the basal 1 cm of the cutting, 4) treatments 2 and 3 combined. The 

treatments were administrated with and without subsequent treatment with 

Seradix 3. The experimental design involved randomized complete blocks with 

3 replications, 8 treatments, and 10 cuttings per plot. The experiment was 

terminated after 5 months. 

Nursery 

Experiment 4: rooting media 

Five year old (3-2) transplants, growing under uniform fertility 

levels at the provincial nursery (MERQ) at Berthierville, were extracted 

November 2, 1977 and heeled-in until May 24, 1978. The provenance was St. 

Théophile (45°56' N latitude, 70°29' W longitude, elevation 1 500 m). 

Between May 24 and 29, 3 840 cuttings were taken by shearing lateral shoots 

of the last growing season. The cuttings were kept moist in plastic bags 

and stored at 4°C. 	The propagation material was tritnmed to 8 cm before 

removing the needles from 2 cm of the base, wounding the basal stem with one 



Table 2. Trees and stem cuttings used to determine the effects of age and 
height of stock plants on propagation of balsam fir 

Trees Stem cuttings 
Kind, Total Age (a) Mean Total Mean number 
source number Mean Range height number per tree 

(cm) 

3-0, 
nursery 20 3.0 none 17 68 3.4 

3-1, 
nursery 20 4.0 none 24 120 6.0 

3-2, 
nursery 20 5.0 none 26 182 9.1 

Improved 
wildings 	(1W), 
nursery 25 8.6 6-12 54 477 19.1 

1W, 2 year old 
plantation 10 7.8 5-10 63 372 37.2 

1W, 4 year old 
plantation 4 8.3 7-10 148 136 34.0 

1W, 6 year old 
plantation 10 -* -* 210 300 30.0 

* Not determined 

vertical cut 1 cm long through the bark, and treating the defoliated base 

with Stim-root 3. Between June 2 and 5, 1978 the cuttings were tnserted to 

half their length in rooting media in Hillson Rootrainers in an outdoor bed. 

The propagation bed, oriented east-west, was covered with Saran shade cloth 

to reduce the photosynthetically active radiation by approximately 50%. An 

intermittent mfst system operated 12 seconds every 6 minutes between 08h00 

and 17h00, daily. Electric cables provided supplementary bottom heat (mini- 

mum 20°C). 	Peat moss, perlite, sand, sphagnum moss, and vermiculite were 

tested individually, and in addition, seven combinations of these media were 

evaluated: 	peat moss: perlite; sphagnum moss: perlite; peat moss: sand; 

sphagnum moss: sand; peat moss: vermiculite; sphagnum moss: vermiculite; 

and sand: vermiculite. 	Each combination was tested at five levels by 
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preparing 1:3, 1:2, 1:1, and 3:1 mixtures by volume. 	In ail, 40 rooting 

media were compared. The experimental design involved randomized complete 

blocs with three replications, 40 treatments, and 32 cuttings per plot. A 

plot was represented by a Spencer-Lemaire tray loaded with 32 cavities of 

the Hiilson Rootrainer. After 4 months, rooting percentages were determined 

and media balis or plugs rated 1 to 4 where 1 = plugs falling apart readily, 

2 = plugs breaking near the middle, 3 = plugs breaking at the basal end, and 

4 = plugs remaining intact upon handling. 

RESULTS AND DISCUSSION 

xperiment 1: age and height of stock plants 
Graphs have been used to show the effects of age and height of 

stock plants on rooting and mortality of balsam fir stem cuttings (Figure 

1). Cuttings from relatively short 3-0 seedlings and 3-1 transplants rooted 

and survived better than cuttings from taller 3-2 transplants. Cuttings 

from wildings in a nursery or a 2 year old plantation rooted and survived 

better than those from taller wilding transplants in 4 and 6 year old plan-

tations. In general rooting performance decreased and mortality of cuttings 

increased with increasing height of stock plants and increasing age of nur-

sery grown trees. Wilding transplants In the nursery and plantations varied 

considerably in age (Table 2). Wildings of a particular age group were fre-

quently found flot only in the nursery but also in 2 and 4 year old planta- 

tions. 	Cuttings collected by NacGillivray for his 1969 report were from 

firs of Christmas tree size and his 1975 report from trees 3 m high. Based 

on our findings, we can assume that the material used by MacGillivray was 

probably physiologically mature and 1ow in rooting potential. Thimann and 

Delisle (1942), working with Colorado fir (Abies concplor (Gord.) Engeim.), 
found that rooting potential of cuttings would perslst if the trees were flot 

aged more than 18 years. Thor (1968) reported that only 40% of the cuttings 

taken from Fraser firs (Abies fraseri (Pursh) Poir.) 32 to 65 years rooted 

and 40% of the rooted cuttings came from a single tree. Hinesley and 

Blazich (1980) observed a decrease in rooting potential of cuttings of 

Fraser fir when the stock plants increased from 5 to 22 years. 
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Experiment 2: crown positions (topophysis) and auxin treatments 
Figure 2 shows rooting response and mortality of balsam fir cut-

tings taken from two crown positions (upper and lower halves) of wilding 

transplants, aged 7 to 10 years, growing in a 4 year old plantation. 

Cuttings taken from the lower haif of crowns rooted and survïved generaily 

better than those taken from the upper half. Thor (1968) reported similar 

resuits for Fraser fir and MacCillivray (1969) for balsam fir. 	Chemical 

treatment with Seradix 3 improved the performance of cuttings from the lower 

haif of the crowns, while treatment with Stim-root 3 improved the perfor-

mance of cuttings from the upper haif of the crowns. Why these differences 

occurred, it is flot clear. Both commercial preparations contained 0.8 per-

cent IBA in talc. The beneficial effects of IBA on rooting of cuttings of 

balsam fir were mentioned by MacCillivray (1969, 1975) and Elk (1966), of 

Colorado fir by Doran (1952, 1957), of Fraser fir by Doran (1957), Hinesley 

and Blazich (1980, 1981), Miller et al. (1982), Korean fir (Abies koreana 

Wils.) by Doran (1957), of Spanish fir (Abies pinsapo Boiss.) by Kirkpatrick 
(1940), and of Veitch fir (Abies veitchii Lindl.) by Hitchcock and Zimmerman 
(1939), Kirkpatrick (1940) and Doran (1957). To my knowledge, no published 

work concerning the propagation of Abies by cuttings has reported the pro- 

blem of mortality. 	Whenever fungicides such as Phygon XL, Arasan, and 

Captan were used by Doran (1952), Doran (1957), and Elk (1966) respec-

tively, after IBA treatment, reference was always made to improved rooting 

but not to survival or mortality. 	In my work (Fig. 2), the number of 

cuttings which died increased considerably during the fifth month. Hinesley 

and Blazich (1980, 1981), working with Fraser fir, usually terminated their 

experiments after 10 weeks which probably prevented them from learning much 

about mortality. 

Experiment 3: wounding and auxin treatment 
The effects of wounding with and without subsequent IBA treatment 

on the rooting and mortality of balsam fir stem cuttings from 5 year old 

(3-2) transplants after 5 months in the rooting medium are shown in Fig. 3. 

In the absence of IBA, wounding, by making vertical cuts, removing basal 

leaves or doing both, improved the rooting of the cuttings but increased the 
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level of mortality in the propagation niaterial. I know of no work where it 

clearly shows that removal of basal leaves and wounding are beneficial to 

rooting of balsam fir cuttings. Hinesley and Blazich (1981) reported that 

wounding alone did flot affect the rooting response of Fraser fir cuttings. 

With IBA treatmeflt (Fig. 3) a vertical cut, removal of basal leaves, and a 

combination of these two, increased the rooting response of balsam fir 

cuttings. Mortaiity in IBA treated cuttings was moderate for ail wounding 

treatments except the combination of vertical cut plus removal of basal 

leaves. In the latter case, mortality was the lowest for ail treatments in 

the experiment. The removal of basal needles, before treating cuttings with 

auxin, had been used by Cesarini (1966) and MacCillivray (1969, 1975) for 

balsam fir, and Hinesley and Blazich (1980, 1981) and Miller et al. (1982) 

for Fraser fir. Other fornis of basal wounding, such as the makirig of verti-

cal cuts into the xylem or by exposing xyiem or phloem with the removal of 

two opposite strips of bark, were used successfuily by Hinesley and Blazich 

(1981) and Miller et ai. (1982) on cuttings of Fraser fir. 
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FIgure 3. 	Effects of woundlng with and without subsequent IBA treatment 

on the rooting and mortality of balsam fir stem cuttings from 

5 year old (3-2) transplants after 5 months in the rooting 
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FIgure 4. 	Percentage rooting of baisam fir stem cuttings and medium bail or 
plug ratlngs after 4 months in Hilison Rootrainers conta ining 40 
different rooting media. 	Plug ratings (numbers above the bars): 
1) plugs fal I ing apart readi I y,  2) plugs breaking near the 
middle, 3) plugs breaking at basai end, and 4) plugs remaining 
Intact upon handiing. 	Arrows indicate media which can provide 
85 rooting and piug ratings of 3 or botter. 
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Experiment 4: rooting media 

The rooting response of balsam fir stem cuttings from 5 year old 

(3-2) transplants and bail or piug ratings after 4 months in Hilison Root-

rainers with 40 different media are summarized in Figure 4. Cuttings rooted 

well in several media but not ail media formed plugs easy to work with at 

plariting time. The following media (see arrows) provided a minimum of 85% 

rooting and piug ratings of 3 or better: sphagnum, sphagnum-vermiculite (3:1 

and 2:1 by volume), peat moss-sand (2:1), and peat moss-vermiculite (3:1 

and 2:1). None of these media were ever mentioned in published works known 

to the author concerning propagation of Abies by cuttings. 

CONCLUSIONS 

Three years of studies on the propagation of balsam fir by stem 

cuttings have shown that with cuttings, rooting decreases and mortality 

increases with increasing height of the stock plants. The same trends can 

be observed with increasing age of nursery grown trees. For ease of propa-

gation, trees selected should not exceed 10 years of age and 70 cm in 

height. Cuttings taken from the lower haif of crowns will generally root 

and survive better than those from the upper haif. 	Before treating the 

basal end of cuttings with IBA in talc, the needies should be removed and 

the stem wounded by a vertical cut in the bark. For adequate rooting of 

cuttings and medium halls or plugs easy to work with at planting time, the 

rooting medium can be one of the following: sphagnum, sphagnum or peat moss 

mixed with vermiculite (3:1 or 2:1 by volume), and peat moss mixed with sand 

(2:1). 
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