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Plantations of white spruce (Picea glauca (Moench) ) 
Voss have often been considered unsatisfactory because 
of poor top growth or check in 

early years (16, 20, 21). Check occurring because of 
heavy weed competition has been noted (21, 22). This 
report is based on greenhouse pot studies of white spruce, 
grown in competiton with grass sod, hard maple (Acer 
saccharum Marsh.), and black spruce (P. mariana (Mill.) 
BSP.). The inhibitory influence of grass sod on 
growth was examined further in a pot study 
comparing the presence of living grass roots to irrigation 
by a leachate from grass sod, and an extract of crushed 
grass roots. 

Review of Literature 

Competition for water has probably been studied 
most, although it has usually occurred with other 
elements (1, 6, 17). In tree-planting literature, ref-
erences to site treatment, usually resulting in better 
survival and growth, have often attributed this im-
provement to reducting competition (5, 14, 15) . Many 
authors have noted that reducing competition made 
more moisture available to planted trees (2, 8, 9, 10). 
Generally a much greater rate of water is lost from 
soil covered with a growing crop than from bare soil, 
perhaps two to eight times greater (3, 7). 
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Apart from physical competition for water and 
nutrients, there may be toxic or inhibitory exudates or 
residues, or conversely, stimulation, by which one plant 
may influence the growth of another (4, 18,19). 

This study deals with the characteristics of spruce as 
they relate to soil moisture and competition. Spruce grows 
more slowly than pine in juvenile growth phases, because 
of specific physiological differences (12). Spruce also 
controls transpiration poorly resulting in considerable 
growth reduction under conditions of moisture stress (11). 
Another study has shown that white spruce achieved 
maximum rate of photosynthesis at soil moisture just be-
low field capacity, and that photosynthesis was reduced at 
soil moistures above and below this level 
(13). 

Procedure 

In 1964 and 1965 white spruce was grown in a plastic 
greenhouse shelter at Midhurst Nursery, about 60 
miles north of Toronto. The trees were planted, one per 
pot, in 5-inch plastic pots, using regular nursery shipping 
stock, 2-2 in 1964 and 3-0 in 1965. 

The four treatments of competition were as follows: 
1. a control, with white spruce only; 2. with grass 
sod; 3. with hard maple; and 4. with black spruce. 
These four treatments were randomized in 



a split-plot design with four moisture regimes, classified 
as: a, very dry; b, dry; c, moist; and d, very wet. There 
were 10 replications. The potting soil was a fertile 
sandy loam from the surface of an adjacent nursery 
compartment. 

Using the 1964 experiment as an example, the four soil 
moisture regimes were established as follows. On the day 
of potting in early spring, small amounts of water were 
added to eight pots of the d regime (very wet) at half-
hour intervals until drip-through was obtained. The 
average amount, which was 225 ml. (depth 
approximately 1.8 cm.), was added to all d pots, 150 
ml. (1. 2cm. depth) to c pots, 75 ml. (0.6 cm. depth) to b 
pots, and none to a pots. All 16 pots in one replication 
were then weighed. At V2-week intervals during the 
growing season, the pots were reweighed. The 
difference between the first (or base) weight and the new 
weight was averaged for the four pots in each regime, 
and this amount of water was added to all replications. 
This included the a regime, which was thus returned to 
moisture condition as at the time of planting. 

Two automatic temperature recorders were installed, 
one with a 10 cm. long sensor placed vertically in the pot 
center to obtain soil temperature within a c pot, and the 
other to obtain air temperature at plant level. Average 
daily maximum and minimum temperatures in the 
pot were within 2° C. of air temperature, a difference 
similar to that occurring under natural conditions (7). 

The potting was done in early May and the ex-
periments maintained until late September or 
early October. The trees were then washed from the 
pots by submersion in water. The following measure-
ments were obtained from the three species: Terminal 
length (current season's growth), top length 
(soil level to bud tip), root length (soil level to tip of 

longest root straightened along a measure) , stem 
diameter (approximately 2 cm. above soil level), 
ovendry weight (24 hours at 105° C.), and top-root 
ratio (ovendry basis) . 

In 1966, a similar procedure was followed in which the 
competition treatments were as follows: 1, white 
spruce alone; 2, with grass; 3, watered with a solution 
obtained by leaching through grass sod on a shallow 
pan; and 4, watered with a solution obtained by 
crushing and grinding grass roots in a soil mixer and 
dispersion cup. In treatments I and 

2, rainwater was used for irrigation. In treatment 8, the 
leachate from rain was supplemented with spring 
water run through a shallow pan (approximately lm. by 
2m. by 15 cm.). In treatment 4, fresh grass roots were dug 
at each time of watering and an equal amount by weight 
placed in the dispersion cup. After grinding, the solution 
was filtered through cloth and diluted in sufficient water 
for the experiment. 

Results and Discussion 

Moisture Effects on Growth.-Among the data 
obtained, ovendry weight was the least variable and most 
statistically significant, and for this reason, these values 
are used in the discussion. The growth of the white 
spruce in two experiments-ovendry weights of entire 
seedlings after one season-is summarized (table 1), in 
relation to moisture regimes. The depth of water added 
over the approximate 22 weeks of the experiments, to 
permit comparison with natural precipitation, was a, 
8.7 cm., b, 23 cm., c, 38.4 cm., and d, 48.0 cm. Estimation 
of the moisture content, just after watering, by means of 
ovendry weights of samples, expressed as moisture percent 
by weight, was: a, 12; b, 20; c, 29; and d, 38 percent. 

Of special interest was the fact that growth of the 
white spruce was best at the highest soil moisture level 
examined. In this treatment, the pots had been raised to 
drip-point twice a week. This is similar to the high water 
demand of the species, reported by others (13). 

  



Competition Effects on Growth.-Growth of the 
white spruce as related to the treatments of 1, with 
white spruce alone; 2, with grass; 3, with hard maple; 
and 4, with black spruce is summarized in table 2, for the 
same two experiments. In each group, the presence of 
other plants reduced the growth of white spruce, with 
high significance and with no qualifying interactions 
statistically. 

Among the elements for which competition may occur, 
water was the only one controlled in these experiments. 
Effects of the moisture regime and competition on 
growth of white spruce were highly significant, but 
their interactions were not. This implies that 
competition was effective in reducing growth at all levels 
of moisture tested. With the approach of moisture to 
and above the highest level used, excess water and less 
restriction could be expected on growth due to 
competition. 

Other factors also may reduce growth, in addition to 
competing for moisture. One could postulate that for 
grass, it might be competition for nutrients, as the soil 
mass in the pots was apparently well filled by roots. For 
the trees, this might be competition for light as the 
presence of the two plants per pot offered greater shade 
to the white spruce. 

Competitive Effects of Grass.-Results of the 
leachate and crushed-root extract experiment are 
summarized (table 3), which includes terminal 
lengths (1966 leaders), stem diameters, and oven 
 dry weights of the entire seedling at the end of the 

experiment. The effects of the treatments were highly 
significant in all criteria, and there were no qualifying 
statistical interactions in the analysis of variance. Further 
analysis of the ovendry weight data showed that the 
average tree weight, for the grass treatment 2, was 
significantly below that of the control; that for treatment 
4 was not statistically different from the control; and 
that for treatment 3, the leachate, was significantly higher. 

Possibly growth was inhibited by the presence of 
living grass and not to substances exuded from the 
roots. The beneficial effects of treatment 3, the 
leachate, are assumed to be caused by nutrients ac-
cumulating in the solution as it passed through the sod. 

Summary 

The experiments showed that the best growth of the 
white spruce was achieved at the highest moisture level, in 
which pots were cyclically raised to a drip-point twice 
weekly and permitted to dry by evapotranspiration 
between water additions. 

In all experiments the presence of other plants in a 
shared environment reduced growth of the white spruce, 
showing inhibitory effects of competition. 

 



Factors other than competition for water were involved 
but not identified. In the grass roots studies, only the 
presence of grass reduced growth of the white spruce, and 
inhibitory root exudates were not found. 
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