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ABSTRACT 

White spruce, black spruce, jack pine, and red pine seedlings were 

grown in a greenhouse environment using peat in three types of containers: 

the Hillson Rootrainer, the styroblock 8 and the Quebec tube. Four and six 

months after seeding, an analysis of fine variables showed that the styro-

block 8 is the best of the three containers for greenhouse production of 

good-quality seedlings. 	The Quebec tube was the only container to have 

seedlings with lateral roots growing downwards in a spiral. 

RÊSUM 

Des plants d'épinette blanche, d'épinette noire, de pin gris et de 

pin rouge furent cultivés sur tourbe en serre dans trois types de conte-

neurs: le Rootrainer Hiilson, le styrobloc 8 et le tube québécois. Quatre 

et six mois après l'ensemencement, l'étude de neuf variables montrait que le 

styrobloc 8 est le meilleur des trois conteneurs pour la production de semis 

de qualité. Le tube québécois était le seul conteneur à avoir des plants o 

les racines primaires latérales poussaient en spirale vers le bas. 

Girouard, R.M. 1982. Greenhouse production of white spruce, black spruce, 

jack pine, and red pine seedlings in three types of containers. Can. 

Dep. Environ., Can. For. Serv., Laurentian For. Res. Cent. 	Ste-Foy, 

Que. LAU-X-57E. 



1 

INTRODUCTION 

Reforestation bas been practiced in Quebec for several years but 

did flot really become widespread until the mid-1960s (Hawey 1980). In 1978, 

an artificial regeneration program was developed by the ministère de l'Éner-

gie et des Ressources du Québec (MERQ). The program provided that, begin-

ning in 1983-84, 20 million of 70 million seedlings would be grown in con- 

tainers. 	0f these 20 million plants, 5 million would be produced by the 

province and 15 million by private industry. To meet this objective, MERQ 

had 22 greenhouses built in East Angus for the purpose of growing seedlings 

in containers. 

However, some difficulties have been encountered in the cultiva- 

tion of containerized forest tree seedlings. 	Reports show that some con- 

tainers cause root deformities such as spiraling, compression, and twisting 

(Hafsia and Franclet 1966; Ben Salem 1971; Bail 1976; Bergman and Haggstrom 

1976). 

Wben roots of a seedling grow in a spiral around the base, the 

root system takes the form of a chignon (Marien 1979). 	Wbenever such a 

deformity occurs several of the piant's roots very often become grafted, 

which generaily impedes the development of the root system, makes the roots 

susceptible to armiilaria root rot (Armillaria rnellea (Vahl ex Fr.) Kummer), 

diminishes the ability of the roots to compete successfuily with weeds, and 

encourages the formation of laterai roots in the upper layers of the sou 

(Hafsia and Franclet 1966). Trees thus affected are vuinerabie to the dama-

ge caused by extended periods of drought. Moreover, this type of root 

deformity may affect tree stability (Stone and Norberg 1978); a poorly 

anchored tree may be uprooted by wind or gradually bent from youth until the 

base of the trunk becomes curved. 

As part of a study on the root system of forest trees grown from 

seedlings in containers, we set up an experiment, first, to compare the 

Quebec tube with two types of containers that are commoniy used in Canada 

for the production of good-quality seedlings and, second, to determine 
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whether the Quebec tube is likely to cause deformities in the roots of dif-

ferent species during the growing period. 

MATERIALS AND METHODS 

Plants 

We grew seedlings of four tree species: white spruce (Picea g7auca 

(Moench) Voss), black spruce (Picea mariana (Mill) BSP), jack pine (Pinus 

7anksiana Lamb), and red pine (pins resinosa Ait). Each species was repre-

sented by one provenance (Table 1). 

Table 1. Plants 

Provenance 

Species 

Origin 

Picea qiauca Lac-à-la-Tortue, 
Champlain, Quebec 

Picea rna!'iya Damville, Roberval, 
Quebec 

Pinus hanksiana Daravilie, Roberval, 
Q uebec  

Pinus resinosa Pembroke, Renfrew, 
Oritario 

Containers 

The seediings were grown in three types of containers: the Hilison 

Rootrainer, the styroblock 8, and tue Quebec tube, wliich is also known as 

the MER tube. 



The Hiilson model of 	the Rootrainer consists 	of 	a sheet 	of heat- 

moulded 	plastic, 	coinnionly 	called a 	book, 	wluicli folds 	up 	to form four cavi- 

tics 	and 	is 	easily 	opened either 	to 	observe tue 	roots 	or to 	remove 	the 

plants. 	Each ilillson cavity is 12 cm deep and 3.7 	cm square, giving a volu- 

me of 	164 	cm3. 	The walis 	are 	corrugated 	on 	two 	sides, 	the base 	is 	slight- 

ly 	flared, 	and 	there 	is 	an opening 	in the 	bottorn. 	Each perforated tray 

holds 8 liillson books 	or 32 cavities. 

The styroblock 8 is a rectangular block of expanded polystyrene 

and contains 80 cone-shaped cavities. 	Each cavity whosc volume is 125 

cm3, measures 3.9 cm across the top and has a depth of 15.2 cm. 	In addi- 

tion, 6 ribs train die roots to grow downward and there is an opening in the 

b o t t 0m. 

The Quebec tube is cylindrical, 4 cm in diameter, 10 cm long, and 

126 cm3 in volume. Its walls are a sheet of opaque white cellukraft paper 

bonded on one side only to a thin layer of polyethylene (paper: polyethylene 

18:10 kg/ream). The bonded sheet is rolled up and glued along its length to 

form a tube in which the polyethylene side faces inward. A Spencer-Lemaire 

tray cati hold 45 tubes of this type. 

Procedure 

The tubes were obtained from the Quebec Industrial Research Centre 

(CRIQ) and contained Pointe-au-Père peat (Gonzalez 1981). The same type of 

peat was used to fui the Rootrainers and the styroblocks. 	Seventy-two 

trays or blocks (4 species X 3 containers X 6 trays or blocks) were placed 

at random on sand-covered tables in the greenhouse. Two or three seeds were 

soin manually in each cavity April 24, 1979. Crushed No. 16 silica (Indus-

min Ltd., St. Canut, Quebec) was added to the containers so that it just 

covered the seeds. The initial watering of the substrate was followed by a 

preventive treatment with Captan spray (3.3 g per litre) against fungi 

capable of causing damping-off of seedlings. The greenhouse was equipped 

with intermittent must controlled by an Aquamonitor system (Huntingdon, N'Y). 

The Aquamonitor's sensory element functioned much like an electronic leaf. 
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To ensure that position within the greenhouse would not alter 

resuits, the trays and blocks were moved about at random twice a week. 

Because, with each nove, à smal1 arnount of sarid adhering to the bottom of a 

tray or block rnight have corne free and fallen on other containers, à Captan 

suspension in spray forin was used to inoisten seedling needles lightly after 

each series of shifts. 

The reenhouse temperature was maintained at 26 ° C for two weeks so 

that seeds would germinate and plantiets become established more quickly. 

The minimum greenhouse temperature was then lowered to 22°C. A 16-hour pho-

toperiod was naintained using incandescent lamps. 

Fertilization of the substrate was begun in the fourth week using 

a variation of the Van Eerden method (1974). The variation involved using 

20-20-20 and ferrous suiphate right through to the end of the experiment 

rather than just to the 16th week. 

After 6 weeks, the nuinber of seedlings in each cavity was reduced 

to one. 	Further, beginning in the 9th week, the periodic mistings were 

generaily replaced witli manual watering twice a day. 

The mean spiraling of roots was determined for 48 seedlings (8 

seedlings X 6 trays) of each species grown 4 and 6 nionths in the Quebec 

tubes. The degree of spiraling was based on the curvature of a main lateral 

root growing around the root bail. The curvature was measured once the con-

tainer was removed froin tue root bail. 

Generaily, 48 plants (8 seedlings X 6 trays or blocks) of each 

species in the three types of containers were measured 4 and 6 rnonths after 

sowing for the following variables: height (H), root collar diameter (D), 

dry mass of aerial parts (DMAP), and dry mass of roots (DMR). Using these 

data, the total dry mass (TDM), the sturdiness index (H/D), the dry mass 



ratio (DMAP/DMR), and the quality index (Q) were calculated for each treat- 

nient. The quality index was deterinined using the formula described by 

Dickson et al. (1960), which in: 

TDM (g) 
Q 

= 

	

+ 	DMAP(g) 
D(mirm) MIR (g) 

According to Rouer (1977), a quality index higher than 0.09 in a sign that 

plants wili he able to adapt successfully after planting on suitable sites. 

The statistical analyses, conducted using the measurement and cal-

culation data, involvcd variance analyses by variable and by species for a 

completely randonized design. Each analysis was followed by a Duncan test 

to deterniine the significant differences between the means. The SACADOS 

system (automatic conversational system for statistical analysis of data) 

(Boudoux and Bonenfant 1979) was used in computer operations. 

RESULTS AND DISCUSSION 

Figure lA shows height growti for the four species of seedlings 

grown in three types of containers. The type of container had little ettect 

on height growthat the 4th month and slightly more at tue 6th month. 

Several differences, supposedly significant at the 0.01 level, are not very 

meaningful to nurserymen, who for practical reasons look for Iiighly pro-

nounced differences. only jack pine grown in the Quebec tube showed diffe-

rences greater than 2.0 cm comnpared with the other two containers. General-

ly, seedling height growth increased with tiine, except for red pine. This 

species virtually stopped growing between the 4th and the 6th month. Rouer 

(1977) noted a simular siowing in height growth for red pine between the 6th 

and tue 8th month. Height growth for black spruce was greater than that for 

white spruce, and for jack pine it was greater than that for red pine. Our 

resuits confirm die observations made in previous studies (Carlson 1981; 

Hailett 1980; Paillé et al. 1981; Rouer 1977). 
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Root collar diameters were consistently high for plants that had 

been grown in styroblock 8 containers (Figure lB). However, the root collar 

diameter of jack pine was as large in the Quebec tube as in the styroblock 8. 

In general, there was no significant difference between the plants 

in the Quebec tube and those in the Hillson Rootrainer, except for those of 

jack pine, where the diameter was greater in the Quebec tube. Sheedy (1981) 

also found that jack pine stems had a larger diameter in the Quebec tube 

than in the Iliilson Rootrainer. 

Dry mass of aerial parts, dry mass of roots, and total dry mass 

measurements (Figure 2) for plants grown in the styroblock 8 were generally 

higher than and significantly different from the same measurements obtained 

from the two other types of containers. Some exceptions in the case of the 

jack pine were: 1) mass of aerial parts greater throughout (Figure 2A) when 

the seedlings were grown in the styroblock 8 and the Quebec tube; and 2) 

total mass measurements (Figure 2C) higher at the 4th month only, in both 

the styroblock 8 and the Quebec tube. In contrast with the Sheedy report 

(1981), which noted higher dry mass measurements for black spruce in the 

Quebec tube than in the Hiilson Rootrainer, we did flot find any significant 

difference between dry mass measurements for aerial parts and roots when 

this species was grown in these containers (Figure 2A, 2B). Total dry mass 

for black spruce was greater than that for white spruce (Figure 2C), a dif-

ference already noted by Paillé et al. (1981) and Roller (1977). The jack 

pine seedlings also had greater total dry mass than did the red pine seed-

lings. Pine seedlings often have a greater total mass than do spruce seed-

lings (Carlson 1981; Paillé et al. 1981; Roller 1977; Sheedy 1981). 

The sturdiness index (H/D), which was used to assess seedling 

resistance to adverse climatic conditions such as wind, drought, cold, and 

snow, showed generaily slight differences between the spruces in the three 

types of containers studied (Figure 3A). 	Seedlings of white spruce were 

more sturdy than those of black spruce. The effect of styroblock 8 on pines 

was flot positive and also significantly different from that of the other 
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containers. Red pine was sturdier than jack pine. In general, the pines 

were sturdier than the spruces. Our data were very siinilar to those 

published by Rouer (1977) 011 the sturdiness of white spruce, black spruce, 

and red pine seedlings. However, contrary to Roller's observations, we did 

flot find a significant change in sturdiness between the 4th and the 6th 

inonth 

The dry mass ratio or quotient (aerial system/root system) was 

lower, and thus better, when the plants were grown in styroblock 8 (Figure 

3B). The positive effect of styroblock 8 was significant in contrast with 

the other containers. The seedlings in the Hiilson Rootrainer had the 

second-best mass ratio. 	More often than not we found, as did Carlson 

(1981), that pines have a lower and more desirable ratio than spruces. The 

mass ratios obtained fr0111 publications vary a great deal and often depend on 

the age of the seedlings (Roller 1977; Sheedy 1978), the species (Paillé et 

al. 1981; Rouer 1977), and the type of container used (Sheedy 1980). 

The quality index for the plants grown in the styroblock 8 (Figure 

3G) was always higher than that obtained in the Hillson Rootrainer and the 

Quebec tube. A substantial difference in quality between the plants grown 

in these last two types of containers was quite uncommon. Between the 4th 

and the 6th rnonth the quality index improved considerably, as Roller also 

noted (1977). only the 6-inonth-old pines attained the 0.09 standard Roller 

suggested. A quality index higher than 0.10, which was the goal sought by 

MIERQ (IIawey 1980), was found by Roller in 6-month-old pines and spruces and 

by Godin and Bélanger (1979) in spruces over 7 inonths old. 

The Quebec tube was the only container which we studied where the 

primary lateral roots corne up against the sides of the container and then 

grow downwards in a spiral. Figure 4 shows that spiraling is much more of a 

problem in pine roots than in those of spruce. As we have already noted 

(Girouard 1981), there was also an extremely large increase in the degree of 

spiraling between the 4th and the 6th month in jack pine seedlings. In the 

other species tested, the degree of spiraling increased only slightly with 



10 

SPRUCE PINE 
A 

14.0 WHITE BLACK JACK RED 

• 
12.0 I U 	Hiflson Rootrainer 

10.0 a a I - St roblock 8 
a 

aa 
a 1 

4.0 : :i :1 I  aba 

20 E Ei-I E- 
a 

ai 

a—  a— 	
- 

b a b 
g
a ba mal 
: ja 

— 

0.20- C b 

0.15- - 

0.10- 1 . 

aa - 
U 

- - i 

£ 
b _a -- 

0.05 aa aa - I I l I 
aL. !I 

A G E (months) 

Figure 3. 	Characteri stics of seed I ings of four species grown for 4 and 6 

months in three types of containers. A, sturdiness; B, dry mass 

ratio; C, quai ity index. 	*The  means for plants of the same age 

the same spec les fol iowed by a letter in common are flot signif I-

cantly different at P= 0.01. 



11 

SPRUCE 	t 	PINE 

I WHITE I BLACK 	JACK 	RED z 	I 	 I 
I 	 b I 	 - I 

3OO—I 	 I 

I 	j 	 •I I 

a. 	I 	a 1 	a 1 o  
LU 	 I 

* a 	a a 	lUI 

I— 	I 

LU 100- 

2OO 	

I 	 I 

a 
I il l o 

11111•' 
UI - I 

I 
II 

46 	46 	46 	46 
AGE (months) 

Figure 4. 	Degree of root spiral ing when seed I ings of four species are grown 

in the Quebec tube for 4 and 6 months. 	*The  rneans for plants of 

one species fol Iowed by a letter in common are not significantly 

different at P= 0.01. 

time. 	At 6 nonths, deformities were stili too recent ta find the grafted 

roots or even the chignons as described by De Champs (1978), Franclet and 

Najar (1979), Marien (1978), and Marien and Drouin (1978). Because the tube 

is a bottomless container, the roots emerging from tue bottom are seif-prun-

ed, that is they dry out in the open air. There is therefore, no possibili-

ty of spiraling in the lower part of the tube, which is in contact with the 

grid of the Spencer-Lemaire tray. 

CONCLUSIONS 

After having studied a number of variables for the four tree spe-

des of plants in three types of containers, we can say that ta obtain good-

quality seedlings, bath in terms of aerial parts and root system, the first 

choice of container should be the styroblock 8, the second the Hilison Root- 
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41- 
rainer,  and the third Quebec tube. For several variables, there are no 

significant differences between the Hillson Rootrainer and the Quebec tube. 

In the case of the variable degree of root spiraling , only the plants in 

the Quebec tube are subject to root malformation. 	Pine roots are more 

affected than those of spruce. When the spiraling problem is not taken into 

consideration, the variables, dry mass of roots, total dry mass, and root 

collar diameter (6 months only for this variable), enable us to select the 

best container in less time than the quality index variable. 
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