
for the length of the log, and resin had accumulated in all
holes. Each hole was surrounded by an elliptical zone of
resin-soaked tissue that extended through the phloem to aifew annual rings into the sapwood. The size of the resin-
soaked zone, measured in the sapwood, varied within each
treatment from log to log, but was consistently larger for
enzyme treatments than for controls. Sizes are given in
Table 1. There was no difference in appearance and little in
the size of the resin-soaked zone for the pectinase, cellulase
or hemicellulase treatments.

TABLE 1
Sizes of the resin soaked area from a physical wound and from

cellulolytic enzymes free of microorganisms

Treatment	 Hole only Water	 Pectinase Cellulase Hemicellulase

Number	 3	 2	 2	 4	 3

Sizes of	 9x6	 8x5	 79x5	 41x7	 78x6
resin-soake d	5x4	 5x5	 31x5	 48x6	 70x5
area	 4x5	 36x7	 35x8

52x9
Average Size*	 6x5	 7x5	 55x5	 44x7	 44x6

Length x width in mm.

The enzymes used in this investigation have at least two
effects upon the sapwood. First, the walls of the ray cells are
dissolved and, because protoplasts of these cellss are inter-
connected, this damage will be sensed by neighboring cells.
Second, the bordered pits are damaged by the enzymes (Meyer,
Wood Sci. 6:220, 1974), which alters the local moisture regime.
Previous work on the response of lodgepole pine to wounding
has shown that the resin-soaked zone arising from wounds
involving blue stain fungi is much larger than that from a
mechanically inflicted wound from which fungi were excluded.
Also, a zone of dry sapwood usually develops behind open
wounds and resin soaking occurs within this zone (Reid et al.,
op. cit.). These results suggest that the development of resin
soaking in lodgepole pine in response to a wound is promoted
either by the action of fungi as they invade ray cells or by
a changing moisture regime. Because moisture movement is
minimal in a log, disruption of ray cells seems more prob-
able.-D. M. Shirmpton, Pacific Forest Research Centre,
Victoria, B.C.

SILVICULTURE
Influence of Bacterial Inoculations on Growth of Con-

tainerized Douglas-fir Seedlings.-Early work with bacterial
inoculations of Azotobacter sp. or Bacillus megaterium var.
phosphaticum to stimulate growth of agricultural and vegetable
crops in field and pot experiments has had limited success
(Brown et al., Plant Soil, 20:194-214, 1964). With arboreal
plants, there is only one report of a stimulatory influence, i.e.
when oak and ash grown in sand culture were inoculated with
Azotobacter chroococcum (Akhromeiko and Shestakova, Inter-
national Conference on the Peaceful Uses of Atomic Energy,
2nd Geneva. 1958. pp 193-199).

In a nutritional trial with container-grown Douglas-fir
in 1972, we superimposed a mixed bacterial inoculation upon
the nutrient treatments. A coastal Douglas-fir seedlot (B.C.
Forest Service #315), from 460 m elevation that had been
stratified prior to seeding, was sown in "Styroblock 2" con-
tainers (Matthews, Can. For. Serv. Info. Rep. BC-X-58, 1971)
on 25 April 1972. The soil was a 3:1 (v/v) unsterilized peat
vermiculite mix adjusted to pH 4.8 with 3 kg dolomite lime
per m°. Nutrient solutions of 28:14:14 (Plant Products Ltd.,
Port Credit, Ont.), at a concentration of 156 mg/liter, were
applied to field capacity twice weekly throughout the experi-
mental period, with extra watering as required. Half the plants
were leached with additional twice-weekly watering to field

capacity and then rewatering until water flowed freely through
the soil volume.

The bacterial inoculum was prepared by collected 10 5-cm
soil cores from a 28-year-old Douglas-fir stand (elevation
330 m) and thoroughly mixing them before removing a 5 g
subsample and placing it in 1 liter of medium. The medium
had the following composition: K2HPO4, glucose, avicel
(TGl04), and soluble starch at 0.1% concentration; MgS04,.
7H30, 0.22%; CaCl2 and NaCl, 0.01%; FeCl3, 0.001% and
actidione at 60 ppm. The actidione was incorporated to pre-
vent fungal development in the inoculum. This solution was
incubated on an orbital shaker (200 rpm) for 4 days at
13-15°C, and 10 ml was removed and inoculated to fresh
medium. The subsampling and re-inoculation was repeated
three times before 2 ml of the mixture was inoculated to each
seedling cavity on 18 May 1972. Uninoculated blocks were
similarly treated with 2 ml of the heat sterilized mixture. The
plants were kept in a shadehouse until sampled in March 1973.
Measurements of a 20-plant sample from each quarter block
included stem diameter (at cotyledons); height (from cotyle-
dons to tip +2.5 cm); total dry weight (120 hr at 70°C), and
concentration of nitrogen, phosphorous, potassium, iron, cop-
per, zinc, boron, manganese, calcium and magnesium in the
whole plant.

Table 1 demonstrates the difference in plant size between
control and leached treatments. As expected, the leached
treatment, which provided a lower nutrient supply, produced
smaller plants. This difference in nutrient supply is, however,
not reflected in the plant analysis, where the concentration
of all elements monitored is greater in leached than in control
treatments. This would suggest that an element, not measured
but very mobile in solution, may be the limiting factor (i.e.
sulfur). Another possibility is that the higher copper content
in the leached plants have lead to a copper-induced iron defi-
ciency (Dykeman and de Sousa, Can. J. Bot. 44: 971-978,
1966), thus reducing growth.

TABLE 1
Modifying influences of bacterial inoculation of seedling

growth and nutrient content

Factors
	 Control	 Leached

Uninoculated Inoculated , Uninoculated Inoculated,
Stem Diameter

(mm) 2.5 104 1.9 110*
Height (cm) 12.6 102 7.3 122*
Whole Plant
Dry Weight (g) 1.349 I I 1 0.721 127
Nutrient Concentrations
Nitrogen	 % 1.10 116* 1.37 70*
Potassium % .44 98 .48 116*
Magnesium % .18 95 .24 110*
Copper (ppm) 17.3 110* 35.2 109*
Iron (ppm) 61.9 110 67.5 132*
Zinc (ppm) 26.2 69* 44.5 69*
Manganese (ppm) 83.8 112 125 65*
Boron (ppm) 23.8 106 29.0 83 *
Calcium (%) .28 104 .40 69*
Phosphorous (%) .35 95 .34 76*

* Significantly different from the uninoculated (P = 0.05)
I Expressed as a % of uninoculated plants.

Visual examination of plants, 5 weeks after bacterial
inoculation, indicated that inoculated plants were slightly
smaller and weakly chlorotic. This was gradually overcome
and, in 13 weeks, the inoculated plants were visibly larger.
Table 1 indicates the positive bacterial inoculation influence
on growth. There is a significant increase in stem diameter
of plants grown under both nutritional regimes and a signi-

ficant increase in height with the leached treatment. In addi-
tion, there were increases of 11 and 27% in the dry weight
of plants of the two treatments, respectively, as a result of
bacterial inoculation. This difference in growth is not mycor-
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rhizal in origin as all treatments exhibited extensive mycor-
rhizae of Thelephora terrestris. -

One explanation for the observed stimulatory effect is
that the inoculation with bacteria isolated from a Douglas-fir
litter layer lead to the establishment of a more typical rhizo-
sphere than developed in the absence of inoculation (William-
son and Wyn Jones, Soil Biol. Chem. 5: 569-575, 1973). Such
organisms could bring about the improved growth either
through increased nutrient supply (Miller and Chau, Plant
Soil, 32: 146-160, 1970) or through production of various
growth hormones (Brown et al. loc. cit.).

A significant influence of bacterial inoculation on the
uptake of both macro and micro nutrients is shown in Table 1.
Inoculation of leached plants lead to significant increases in
K, Mg, Fe and Cu. Potassium was below the concentration
ranges normally reported for Douglas-fir nursery stock (Kruger,
U.S. Forest Service Research Paper PNW-45, 1967; van den
Driessche, Research Note 47, B.C. Forest Service) and could
have accounted for some of the increased growth. Conversely,
in the control plants, only nitrogen and copper were signi-
ficantly increased. Notrogen was also below the level consid-
ered adequate for optimal growth.

While these observations are of a preliminary nature, they
do indicate the potential importance of the root associated
bacterial flora in the growth and nutrition of Douglas-fir seed-
lings and the need for continuing efforts to understand and
control this association.-A. K. Parker and J. A. Dangerfield,
Pacific Forest Research Centre, Victoria, B.C.
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