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Introduction 
The rooting medium is important in successful propaga- 

tion of cuttings. The medium can influence the percentage 
of cuttings that root and the type of root system developed 
(LONG, 1932). A good medium provides several essential 
functions: it holds the cuttings in place, it maintains a high 
moisture content yet is well drained, it allows adequate air 
cxchange around the base of the cutting, and it must be 
free of disease and insects (HARTMANN and KESTER, 1968). A 
lack of one or more of these beneficial characteristics can 
result in lower percentages of cuttings that root or undesir- 
able root configuration. 

The choice of rooting medium used in conifer propaga- 
tion is usually by chance. Propagators generally continue to 
use a medium with which they are familiar or with which 
they have had success when working with other species. 
Only a few designed tests of rooting materials have actual- 
ly been done. One test with kanuma soil of five different 
particle sizes was reported for Pinus densiflora and P. 
thunbergii (OGASAWARA, 1961). Differences between species 
in rooting percentage and number of main roots per cutting 
were found. In a comparison of gravel, peat-sand, gravel- 
Alginure, and compost, cuttings from 12-year-old Douglas- 
fir (Pseudotsziga rncnziesii (MIRB.) FRANCO) trees rooted best 
in peat-sand and in compost (KLEINSCHMIT, 1972). Other 
studies in rooting Douglas-fir cuttings have used river sand 
(CORNU, 1973), a 5 : 1 sand-peat moss medium (BHELLA and 
ROBERTS, 1974), and 2 : 1 perlite-peat moss (Ross, 1975). 

Rooting research with Douglas-fir at the Forestry Sci- 
ences Laboratory in Corvallis, Oregon, has been done for 8 
years in plaster-grade sand. This is fine, washed river sand 
free of soil and organic materials. Roots grown in such sand 
were usually long, brittle, and not well branched. The root- 
ed cuttings were sometimes difficult to transplant from 
rooting beds because the long, brittle roots often broke 
during lifting or planting. A more branched and flexible 
root system was desired. The author had observed enough 
instances in which root habit seemed to be altered with 
other rooting media to suggest that various ones should be 
tested. To test that ~bservation, a study of 21 combinations 
of four common rooting medium substances was started 
using Douglas-fir cuttings. The effects of different media 
on root structure and rooting percentage are reported here. 

Materials and Methods 

The study began in April 1975, in which plaster-grade 
river sand, fine ground sphagnum peat, horticultural-grade 
vermiculite, and perlite were tested in combinations of 
1 : 0, 2 : 1, 1 : 1, and 1 : 2 with each of the other three sub- 
stances. One exception was perlite-sphagnum peat (1 : I), 
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which was accidentally omitted when the media were 
mixed. The rooting media were placed in galvanized meta1 
flats (51 X 35 X 9 cm). Numerous holes were made in the 
bottom of the flats to insure aaequate water drainage. 
Ninety-six Douglas-fir cuttings of random genotypes were 
arranged in each flat at  3.8-cm spacing. Three flats of each 
of the 21 rooting media (treatments) were studied. 

Rooting was done in one greenhouse room. Polyethylene 
tents were constructed over three benches, and one of the 
three flats of each of the 21 media was located at  random. 
Air temperature was maintained at approximately 24O C 
during the day and 21° C at night. No soil heat cables or 
fixed overheacl watering systems were used. Watering was 
done manually once each day with a hand-held fogging 
nozzle. The different media had different water retention 
properties, so watering was done carefully to avoid over- 
or underwatering. Partial shade (about 30%) was provided 
over the polyethylene tents to prevent excessive heat 
buildup inside the tents. Vents cut in the tops of the tents 
permitted hot air to escape and provided air circulation 
that helped prevent fungus discase. 

Cuttings were collected in early April from 2- to 4-year- 
old Douglas-fir seedlings and stored in polyethylene bags 
for several days a t  1.6O C until they could be placed in the 
flats. Juvenile Douglas-fir trees were used as sources of 
cuttings because of the greater rooting potential of cuttings 
from young trees. The cuttings were cut to 5.0- to 7.5-cm 
length, completely submerged in a Captanl) solution for 
5 to 10 seconds, then positioned in the flats with their basal 
ends about 2.5 cm below the surface of the rooting medium. 
No exogenous rooting hormones were applied nor were the 
needles removed from the ends of the cuttings that were 
to be buried in the rooting media. Rooting success was 
evaluated in August and in November of 1975. On both 
dates the cuttings were recorded as having (1) many roots, 
(2) few roots, or (3) no roots. In August the cuttings with 
many roots were removed from the flats, while the non- 
rooted or weakly-rooted cuttings were left in the rooting 
media until November. The percentage of cuttings which 
formed roots was calculated for each medium and the ex- 
ternal appearance of the root system was recorded. Quanti- 
tative analysis of the types of root systems developed was 
not possible; the rooted cuttings were needed for other 
studies so destructive methods for evaluating root mass 
could not be used. Rooting percentage data were subjected 
to analysis of variance. No transformation of percentage 
data was done prior to analysis since practically all un- 
transformed data fell within the acceptable range. 

Resul t s 

Both the percentage of Douglas-fir cuttings rooted and 
the type of root system formed were greatly influenced by 
the rooting media. The five best media for percentage of 
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