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SUMMARY

Actinomycetes were found to be present in large numbers in a soil under
a mixed forest of Eucalyptus, Angophora and understorey species. 126 of
these organisms were examined and belonged to 25 groups of streptomycetes.
A description is given of their morphology and certain biochemical properties.




INTRODUCTION

Actinomycetes are an important, physiologically active group of micro-
organisms which play a number of vital roles in the soil. These include the
decomposition of organic matter and a direct effect on soil structure (Sykes
and Skinner, 1973), but perhaps most important is their capacity to pro-
duce antibotics which are inhibitory to other soil microorganisms. As pro-
ducers of antibiotics, actinomycetes occupy the highest position in the
microbial world (Waksman, 1959).

The abundance of actinomycetes in soil is controlled by a number of
factors including (a) the nature and abundance of the organic matter, (b)
soil pH, (c) relative moisture content, (d) temperature, (e) soil aeration and
() vegetation type (Waksman, 1959).

In Australia in recent years there have been few studies on actinomycetes in
forest soils (Broadbent and Baker, 1974 ; Weste and Vithanage, 1977; Sivasith-
amparam and Parker, 1978; Malajczuk and Comb, 1979). Broadbent and
Baker (1974) found that in soils suppressive to the root rot fungus Phytoph-
thora cinnamomi Rands, the populations of bacteria and actinomycetes were
higher than in soils conducive to root rot. Weste and Vithanage (1977)
established that areas with severe disease caused by P. cinnagmomi had a small
microbial population, particularly of actinomycetes, compared with soil
from areas with moderate disease. In Western Australia Malajczuk and Comb
(1979) found that the more fertile loam soils had higher populations of
bacteria, actinomycetes and fungi than lateritic soils.

The aim of the present study was to assess the presence of actinomycetes
in a soil supporting sclerophyllous forest, their number and distribution in
the soil profile, and their characterization. This study is part of a long term
research program devised to establish the role played by these organisms in
the transformation of organic matter and their suppressive effects on other
organisms.




MATERIALS AND METHODS

a) Site

The study was carried out at Cumberland National Forest (33°45°S,
151°2’E) which is managed by the Forestry Commission of N.S.W. and is
located 40 km N.W. of central Sydney. The elevation is 125 m and rainfall
averages 1180 mm per year, the driest month being September (60 mm
average rainfall) and the wettest February (160 mm average rainfall). The
mean daily maximum temperature is 22.8°C ranging from 15.5°C in July
to 28.5°C in January while the mean daily minimum temperature is 11.0°C
ranging from 5.2°C in July to 16.2°C in February.

The site is located within a forest stand dominated by Sydney blue gum
(Eucalyptus saligna Sm.) with associated blackbutt (Eucalyptus pilularis
Sm.) and smooth-barked apple (dngophora costata (Gaertn.) Druce). The
understorey is composed mainly of shrubs less than 4 m in height dominated
by Pittosporum spp. and Lantana spp. with various smaller shrubs and grasses.
The stand was logged at various times prior to 1930, mainly by removing
E. saligna and E. pilularis. The E. saligha was allowed to regenerate and the
site was restocked in 1932 with E. pilularis, and is now relatively uniform
except for the presence of some overmature 4. costuta.

The soil parent material is predominantly Wianamatta shale with influence
from Hawkesbury sandstone. This has given rise to a red podzolic soil with
a very clayey subsoil below 80 mm. The nutritional status of the soils (Table
1) is moderate with reasonable drainage.

b) Sampling procedure, isolation, counting and grouping ,

Soils from horizons Al, A2, and B—C were sampled from five randomly
selected points within the study area. Samples from the Al horizon were
bulked as were those from the A2 and B—C. Each soil was passed through
a 2 mm sieve and soil moisture (105°C) and pH were determined. Actino-
mycetes were isolated by a soil dilution-plate method using the starch-casein
medium of Kiister and Willlams (1964) modified by addition of four anti-
biotics (Williams and Davies, 1965).

The dilution-plate method was carried out as follows: 10 g of soil were
agitated in 95 mL of sterile de-ionized water with a mechanical stirrer for
20 minutes. Tenfold dilutions (102, 103, ... 10-6) were prepared from
the initial suspension and 5 plates (replicates) established for each dilution,
making a total of 30 plates. Into each plate 1 mL of soil suspension was
poured followed by 1 mL of aqueous solution of antibiotics and finally
13 mL of molten medium at 48°C. To ensure homogeneous distribution
of soil and antibiotics within the medium, each plate was hand rotated 15
times clockwise and 15 times anticlockwise. The plates were inverted and
incubated for 8 days at 26°C, and examined from the 6th day onward, using
an inverted microscope. Counting was done on the 8th day according to the
method of Clark (1965) and hence only those dilutions whose numbers of
colonies per plate fell between 25 and 300 were considered.

A number of colonies were randomly selected and subcultured on Czapeck
agar. This medium produced a scanty growth of aerial mycelium thus en-
abling a rapid preliminary evaluation of the type of fructification. The num-
ber of cultures subcultured and then identified to the genus was 150. Of these
126 were further investigated.

To divide these actinomycetes in groups, certain cultural characteristics
on oatmeal agar and yeast extract-malt extract agar (Shirling and Gottlieb,
1966) were determined. These were the spore mass colour, the substrate
mycelium colour, soluble pigment other than melanin secreted into the
medium, the shape of the spore chain and the appearance of the spore
surface. Production of melanoid pigments was also checked, initially only
on peptone-yeast extract iron agar (Tresner and Danga, 1958). Representative
strains of each group were grown on oatmeal agar and stored at 26°C.
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¢) Characterization procedure

Representative strains were characterized according to the methodology
of the International Streptomyces Project (ISP) (Shirling and Gottlieb, 1966).
This included:

— an assessment of morphological characteristics of each isolate on oat-
meal agar, yeast extract-malt extract agar, inorganic salts — starch
agar and glycerol-asparagine agar. However the types of spore chain
and spore surface were determined only with cultures on oatmeal
agar, this being the medium on which the Kiister (1972) key is par-
ticularly based.

— the use of peptone-yeast extract iron agar and tyrosinase agar to assess
melanin formation. Tryptone-yeast extract broth was used as a supple-
mentary test.

— a carbon utilization test, based on nine carbon sources, in which com-
parison was made with two controls, one negative (no carbon sources)
and one positive (basal medium plus D-glucose).

The Methuen Handbook of Colour (1963) was used in most cases to delin-
eate colour. However in some instances, those tables were not applicable and
the most descriptive colour in the authors’ judgement has been used. The
‘spore surface’ was determined from specimens either unstained or treated
according to the flagella staining technique of Harrigan and McCance (1966).

All tests were carried out at 26°C in darkness interrupted by a few min-
utes exposure to room light every 2-3 days during examinations. Each test
consisted of 3 replicates for each actinomycete group.

RESULTS AND DISCUSSION

a) Counting and division into groups

Actinomycetes were .found in high numbers in the soils from the study
area. They were particularly numerous in the Al and A2 horizons (Table 2).
However there were significantly less numbers of propagules per gram of dry
soil in the A2 compared with the Al horizon and similarly less in the B—C
compared with both the other horizons. This trend corresponded with the
decrease in organic matter down the profile (Table 1). It has been reported
(Waksman, 1967) that at the surface of a soil, the number of actinomycete
colonies developing on agar plates was between 743,000 and 933,000 per
gram of soil. At a depth of 75 cms, the number declined to 240,000 per gram
of soil. The soils were found to be acidic.(Table 2), and hence the present
study has complemented other data (Waksman, 1959; Williams et 4l., 1971;
Khan and Williams, 1976) regarding the widespread distribution of acid-
ophilic actinomycetes in acidic soils. The critical pH for the growth of the.
majority of actinomycetes in soil is considered to be 4.8 — 5.0 and the
optimum range between 7,0 and 8,0 (Waksman, 1959).

Microscopical examination of the selected 126 cultures in this study
(Tables 3 to 8) showed that they all belonged to the genus Streptomyces.
On the other hand in a previous study of soil from a different plot within the
same forest, some Nocardia spp., a member of the genus Streptoverticillium
and a member of the subgenus Chainiz were also isolated (L..Gerrettson-
Cornell, unpublished datd). These results confirm the selectivity of the
modified starch casein medium of Kiister. and Williams (1964) for strepto-
mycetes. Because the conditions of the experiment were more favourable
to streptomycetes than to all other groups of actinomycetes and since only
mesophilic actinomycetes have been considered, the results obtained can
only be regarded within the context of the experimental conditions used.

Examination of the morphology of the 126 cultures of streptomycetes
combined with tests for the production of melanoid pigments, enabled 25
groups to be distinguished. The frequency of recovery within these groups
showed a wide variation (Table 3).

Note — Tables in Appendix
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b) Melanin pigment formation and carbon utilization
The melanin reaction was studied on media of which peptone-yeast
extract iron agar and tyrosinase agar are the most important. Of these,
peptone-yeast extract agar was chosen by Kuster (1972) for his identification
key. Fifteen of the 25 groups (60%) of isolates gave a positive reaction on
peptone-yeast extract iron agar whereas one appeared doubtful. On tyrosinase
agar, the number was slightly less (14 positive plus 1 doubtful). Two cultures
(E12 and E17) showing good positive melanin reaction on the peptone-
yeast extract iron agar failed to do so on tyrosinase agar. This is consistent
with the observations of Shirling and Gottlieb (1970). With tryptone-yeast
extract broth, the discrepancies were even greater.
The carbon utilization test (Table 8) gave the following observations:
— Approximately 80% of the isolates representing the 25 groups of
streptomycetes were capable, either poorly or moderately, to grow on
a control medium which had no organic source of food (negative
control). Isolates such as E8, E9, E14 and E19, grew very well on this
medium, i.e. they appeared at least ‘to some’ extent, to be autotrophic.
Autotrophism in actinomycetes has already been reported. Takamiya
and Tubaki (1956) observed an actinomycete, later named Strep-
tomyces autotrophicus which could be grown in a pure mineral sol-
ution. Fedorov and Kudriasheva (in Waksman, 1959) established
that various actinomycetes are capable of fixing atmospheric nitrogen.
The reports in this regard appear to be divided. Recently more evidence
has been collected that an unidentified soil actinomycete may be in-
volved in nitrogen fixation within the root nodules of Casuarina
cunninghamiana Miq. (Torrey, 1976).
Most isolates grew exceptionally well on D-glucose medium.
Fructose enhanced growth but sucrose did not, With the latter source
of carbon, growth was either the same as with the negative control
or slightly better.
More than 50% of the isolates gave very good growth on a medium
containing mannitol. On the contrary, when cellulose was added to the
basal medium, growth in most cases was very poor. The minus (—)
sign (Table 8) indicates growth was inferior to that of the negative
control.
— Arabinose and inositol were utilized by a small number of the isolates.
The minimal activity towards sucrose by the group of isolates and the
generally more active response on glucose and fructose media suggest that
these organisms either have nil or a limited ability to hydrolyse sucrose, i.e.
they appear to lack the enzyme sucrase (invertase) found commonly in
yeasts.

¢) Characterization of isolates

The characterization of all isolates was carried out between the 16th and
21st day of incubation. On oatmeal agar (Table 4), eleven of the twenty five
groups of actinomycetes showed a predominant spira type of spore chain,
In other groups the spore chain was flexuous or rectus flexibilis, Of the spira
chain types, the extended type (Fig. 1) prevailed. The ‘flexibilis’ spore chain
also occurred in tufts (Fig. 2).

The colour of the spore mass of these cultures was generally pale. Seven
cultures were white and four were faint pink to pink (including pale red).
Two varied from faint cream-grey, greyish-cream or chalky to faint yellow-
green colonies. A few cultures were beige and one was greyish-green (light
green). The darkest isolates formed either a grey, a beige or a greyish-beige
mycelium on this cultural medium. The reverse colour was also prevalently
very light except in a few cases such as E2, E16, E24 and E25 which showed
either an olive brown, a brownish-orange or a distinctive brown colour. The
majority of cultures on oatmeal agar did not produce soluble pigments. There
were however a few examples of light beige, brown, grey and even pale red
pigments.

7




Fig, 1. Spira type of spore bearing hyphae in E15. X625. (L1491/5)

Fig. 2. Tuft formation of spore bearing hyphae in E24. X700. (L1491/21)
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Examination of the aerial mycelium, reverse colour, and soluble pigments
on the other three media showed some variability regarding one or more
characteristics. Alternatively a feature could be similar on two to three media
and different on the others. For example, culture E2 showed a reverse colour
of olive to olive brown on yeast extract-malt extract agar and oatmeal agar,
whereas on inorganic salts-starch agar the produced pigment was lemon-
yellow and brownish-yellow on glycerol asparagine agar. There was a striking
difference in soluble pigment in culture E24 between growth on yeast extract-
malt extract agar and that on inorganic salts-starch agar. This actinomycete
produced a beautiful brown pigment on the former medium.

Finally an attempt was made to identify these Streptomycetes to species
using Kiuster’s (1972) key. Of the twenty five groups of Streptomycetes
examined, fifteen did not fit this key whereas ten were found to be close to
the following species:

E 1 — S pyridomyceticus Okami and Umezawa

E 3 — S hawaiiensis Cron, Whitehead, Hooper, Heinemann and Lein
E 5 — S hawaiiensis Cron, Whitehead, Hooper, Heinemann and Lein
E 6 — S pyridomyceticus Okami and Umezawa

E 9 — S aureomonopodiales Krasi’'nikov and Yuan

E10 — S collinus Lindenbein

E 11 — 8. filipinensis Anmann, Gottlieb, Brock, Carter and Whitfield
El4 — S aurantiogriseus Preobrazhenskaya

E17 — 8. kurssanovii Preobrazhenskaya, Kudrina, Ryabova and Blinov
E22 — 8. yokosukanensis Nakamura

Further comparison of these identifications with the descriptions for each
species given by Shirling and Gottlieb (1968a; 1968b; 1969; 1972) showed
the existence of some discrepancies.

CONCLUSIONS

This study has shown the presénce of a large number of propagules of
actinomycetes in a soil under a mixed forest of eucalypt, Angophora, and
understorey species. Because they were isolated from an acidic environment,
there is an indication of a strong capacity for adaptation to low soil pH by
these organisms.

Practically all the isolates examined belonged to the genus Streptomyces.
However this does not exclude the possible existence of other actinomycete
genera within the same soil.

The presence of twenty five different groups of streptomycetes within
126 randomly selected isolates indicates the existence of a relatively high
degree of speciation. Of these, 44% exhibited a spira type of spore chain.
Ten of the twenty five groups were found to be close to but not conspecific
with certain described species. This is probably due to the fact that the key
(Kiister, 1972) which was used as a preliminary attempt at characterisation,
was based on only 274 taxa of the approximately 500 which were described
by Shirling and Gottlieb (19682; 1968h; 1969; 1972). Until such time as
a final key based on the methodology described in this study is made avail-
able, it is not possible to further the identifications.
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APPENDIX

TABLE 1

Chemical analysis of the soils from the study area
within Cumberland National Forest

Depth % pH N om? Total P Al Ca Mg K Na
(mm) Stone (1:1 H,0) (ppm) Exchangeable (me%)
0- 80 2.3 5.14 0.34 12.34 271 0.28 7.00 5.56 0.62 0.3
80-150 5.9 4.73 0.19 7.12 191 1.89 1.37 2.27 0.27 0.7
150-300 7.3 493 0.07 4.30 188 1.36 0.79 2.01 0.26 0.1
300-350 23.9 4.85 0.06 2.42 170 1.35 0.65 1.78 0.16 0.1
a — Organic matter
Table 2
Number of colonies of actinomycetes (per g of dry soil)
pH Dilution No. of colonies per plate No. of colonies
H,O KC1 factor 1 2 3 4 5 per g of dry soil
Al 491 4.24 10 -4 142 138 149 149 125 1737500
A2 4.83 3.81 10 -4 40 41 27 62 41 508433
B-C 4.60 3.77 10-3 102 93 83 109 99 117108




TABLE 3

Frequency of isolation and melanin pigment evaluation of
25 groups of actinomycetes from a forest soil

Group No.

Frequency

Tryptone-yeast
extract broth

Peptone-yeast
extract
iron agar

Tyrosinase

agar
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TABLE 4

Cultural characteristics on oatmeal agar of 25 groups of actinomycetes from a forest soil

Graup Spore Spore Spore mass colour Reverse colour Soluble pigment
No. chain * surface
E 1 F&RF Smooth White None None
E 2 F Smooth (Aerial mycelium very scanty), Olive brown _ Brownish grey
whitish (4D3 to 4D4) (4D2)
E 3 S Warty Aerial mycelium Light greyish None
(extended) practically non-existent yellow in the centre,
colourless at the periphery
E 4 F Smooth Pale greyish-green Greenish grey (1C2) None
to grey (1D1)
E § S Warty (Aerial mycelium scanty) None to greyish None
(extended or white to faint pink yellow (4B6)
short)
E 6 F Smooth White to faint cream-grey None None
(in tufts)
E 7 S Smooth White None to greyish None
(extended) yellow (4C3)
E 8 RForF Smooth White, with faint purple Greyish orange (6B6) Light greyish
margin. in the centre, light yellow orange
orange at the periphery
E 9 F Smooth (Aerial mycelium scanty None to orange Light beige
faint greyish-cream) grey (5B2)
E 10 S Smooth Brownish grey (5D2) None to faint lemon None
(extended) Yellow
E11 S Warty White with greyish patches None None




N

Group Spore- Spore Spore mass colour Reverse colour Soluble pigment
No. chain * surface
E12 S Smooth (Aerial mycelium scanty) None to beige None
(extended) white
E13 S Smooth White to faint pink None to greyish None
(extended) yellow (4BS5)
El4 RFtoF Smooth Pale grey Light grey (1C1) Pale grey
to grey (1D1)
E 15 Smooth Medium grey (1E1) None . Pale red (10A3)
(extended or with white margin
short)
E 16 S (short) Smooth Beige & grey (1D1) Brownish orange (5C5) None
to brownish grey (5D2)
E 17 F Smooth Pale grey Light grey (1C1) to Pale grey
grey (1D1)
E 18 S Smooth White Light beige None
(extended)
E19 RFto F Smooth Chalky with patches of None to greyish orange None
faint yellow-green colour
E 20 F Smooth (Aerial mycelium in light None None
greyish beige patches)F
E21 F Smooth Greyish-green (30B3) Greyish beige None
E22 Warty Pale red (9A3) Pale beige to greyish Faint pink
(extended or orange (6B4)
short)
E23 F Smooth Light pink Pink (12A5 to 12A6) Pale yellow-

brown



Grou Spore Spore Spore mass colour Reverse colour Soluble pigment

No. chain * surface

E 24 F Smooth Pale greyish-beige Greyish brown (5D3) Light brown
(in tufts) to yellowish brown (5E4)

E25 S Warty (Aerial mycelium Brownish orange Light beige
(short) scanty) white (6C4) to brown (6E4)

* Spore chain type:—

R = straight, rectus
S = spira
F = flexibilis

RF= rectus-flexibilis
1 Xornerup and Wanscher (1963).
+ Aerial mycelium growing on a brown-black slimy substance which constituted almost a continuous layer on the substrate mycelium.
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TABLE 5

Cultural characteristics on yeast extract — malt extract agar
of 25 groups of actinomycetes from a forest soil

Spore mass colour Reverse colour Soluble
pigment
White Between greyish orange None
(6B3)* and brownish
orange (6C3)
E 2% White Olive (1E3—-1F3) None
E 3 White Brownish orange (5C4-5C3) None
E 4 White to faint green Brownish grey (6D2) None
E § Faint pink None None
E 6 Faint greyish-green Olive brown (4D4—-4E4) None
E 7 Light purple Beige None
E 8 Faint yellowish-green Brown None
E 9 No aerial mycelium formed None None
E10 Light grey (1C1) to Greyish orange (6B4) None
platinum grey (1D1)
E11l (Aerial mycelium scanty), None None
pale grey
E12 White None to light greyish None
. yellow
E13 Light purple Brownish orange (5C4) None
E 14 White None None
E 15 Between grey (6B1) and Light beige to beige None
orange grey (6B2) with
white margin
E 16 Beigish-grey (5§D2) with Beige None
white margin
E17 Pale beige-grey None to beige None
E 18 (Aerial mycelium scanty) None None
white
E19 Faint yellowish-green Greyish-brown to brown None
E 20 Beige # Light beige Light beige
E 21 (Aerial mycelium scanty), Beige None
white
E22 Greyish red (7B3) Greyish orange (6B3—6B4) None
E 23 Light pink Pinkish beige (red marking None
line close to the margin)
E24 Pale grey (1B1) Beig3e to greyish brown Brown (6E6)
(7F
E 25 White Brown to dark brown (6F4) Brown

* Kornerup and Wanscher (1963).

1 The aerial mycelium was so thin as to be visible only under a seteromicroscope.

# The same brown-black substance produced as on oatmeal agar. -
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TABLE 6

Cultural characteristics on Inorganic salts — starch agar
of 25 groups of actinomycetes from a forest soil

Group Spore Mass colour Reverse colour Soluble
No. pigment
1 White None None
2 (Aerial mycelium very None to lemon yellow None
scanty) white
E 3 Between violet white (16A2) None None
*# and pale violet (16A3)

E 4 White with a yellowish None to greyish beige None

green shade

E S Between violet white None None

(16A2) and pale violet
(16A3)

6 Chalky . Greyish beige None

T Between violet white None to faint beige None
(16A2) and pale violet '
(16A3)

E 8 White with yellow-green None to light yellow None
shade (4A4) or greyish yellow
(4B3)

E 9 White Yeltowish grey (2D2) Light
greyish
beige

E 10 Greyish brown (5E3) None None

E11 Brownish-grey (5D2) None None

E12 White to faint pink None to greyish orange None

(6B5)
E 13 Between violet white None to faint beige None
(16A2) and pale violet
(16A3)
E 14 Pale greyish-yellow Between yellowish grey None
(2B2) and olive grey (2D2)

E 15 Between grey (2C1) & None to light greyish None

yellowish-grey (2C2) yellow

E 16 Brownish grey (5D2) with None None

white margin

E 17 Pale greyish-yellow None to faint greyish beige None

E18 (Aerial mycelium scanty) None to faint yellow None

pale pink orange

E19 White with a yellowish None None

shade

E 20 Light beigish grey * Light grey beige to dark grey  None

E21 White with greyish green Light grey (1C1 to 1D1) None

shades .
E 22 Pale red (9A3) Pale beige to greyish-orange None
E23 Light pink None to light pink None




Group Spore mass colour Reverse colour Soluble
o. pigment
E 24 Between grey (2B1) and Light beige Light pink
yellowish-grey (2B2)
None

E25 White Greyish orange

* The same as on oatmeal agar but in patches.
*# Kornerup and Wanscher (1963)
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TABLE 7

Cultural characteristics on Glycerol Asparagine agar
of 25 groups of actinomycetes from a forest soil

Grou Spore Mass colour Reverse colour Soluble
No. pigment
E 1 White Faint beige fo greyish None
orange (SB4) ¥
E 2 Faint white-cream Between brownish yellow None
(5C7) & yellowish-brown
(5E4)
E 3 (Aerial mycelium very N one to between faint None
scanty) white to pale yellow (4A3) and greyish
beige yellow (4B3)
E 4 Yellowish white to light Between olive brown (4E3) None
grey & greyish brown (5D3)
5 White Faint greyish-yellow None
6 Faint grey None to light beige None
7 Between white & pinkish None to pale greyish None
white (11A2) yellow
E 8 Pale grey with light green Between orange grey (5B2) None
shades & greyish orange (5B3)
E 9 Between grey (1C1—1D1) Between brown (7D2) & Between
& brownish-grey (8E2) dark brown (7F5) Pompeian
yellow
(5C6) &
brownish
orange
(5C3)
E10 Between greyish white None to faint beige None
(1C1) & platinum grey
(1Dh1)
E1l Greyish white (1C1) None None
E12 (Aerial mycelium very None to greyish yellow None
scanty) pale beige (4C3)
E13 White Light orange beige None
E 14 Faint cream Between greyish orange None
(5D3) & greyish brown
(5E3)
E15 Between grey (4B1) & Between pale yellow (4A3) None
yellowish grey (4B2) & greyish yellow (4B3)
E16 Between light grey (1C1) Between olive green (1F2) None
& grey (1D1) & ivy green (1F3)
E 17 White to greyish white Between brownish grey None
(1C1) with yellowish shades (6D2) & greyish brown
(6D3)
E18 (Aerial mycelium very Beige None
scanty), white
E19 Pale grey with faint green - Between orange grey
shades (5B2) & greyish orange (5B3)
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Grou Spore mass colour Reverse colour Spluble
No. pigment
E20 Between pale grey (1B1) Between rust brown (6E8) Between
& medium grey (1E1) & brown chocolate (6F4) light
brown
©D8 &
dark
brown
(6F7)
E 21 Between white & greyish Between brownish grey None
white (1C1) with (6D2) and greyish brown
yellowish shades (6D3)
E22 Between pastel red (7A4) Light beige with reddish None
& greyish red (7B4) shades
E 23 Between purplish white Between pale red (9A3) & Between
(14A2) & purplish pink dull red (9B3) light
(14A3) yellow
(4A4) &
greyish
yellow
(4B3)
E 24 Between pale grey (1B1) Between rust brown (6E8) Between
& platinum grey (1D1) & brown chocolate (6F4) light
brown
(6D8) &
dark
brown
(6F7)
E 25 White to faint grey Between yellowish brown Faint
brown

(5E4) & greyish brown
(5E3)

* Kornerup and Wanscher (1963)
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TABLE 8

Carbon utilization test of 25 groups of actinomycetes from a forest soil

Group Negative D-glucose Sucrose D-xylose I-inositol D-Mannitol  D-fructose Rhamnose Raffinose Cellulose L-arabinose
control

E 1 moderate very good + + ++ + + +to+ —tot -

E 2 poor to good —to+ +to+ + +to ++ +to+ ~to+ + —-tot +
moderate

E 3 moderate moderate - - + + + + - - +

E 4 moderate good - +to ++ + to+ - +to ++ + + - + to+
to good

E 5 moderate good + to+ ~—to+ + ++ + + to+ +to ++ - ++

E 6 poor to good - + + ++ + - — — -
moderate

E 7 ' moderate good - - ++ + - - -

E 8 good very good + + + to+ + to ++ ++ + + - to +

E 9 good to very good —to+ + + + + - ~to* -
very good

E 10 moderate very good + + to + ++ ++ + + + +to+ +

E11 poor to very good + —tot + —tot + + + —tox +
moderate

E12 moderate very good —to+ + + +to ++ +to ++ - + - +

E13 moderate very good - - + + - — - +

E 14 good very good + to+ + + +to+ + +to+ + + +

E 15 moderate very good + + +to ++ +—+ + - + +

E 16 moderate very good + + —tox - + ++ + - +to ++
very good  very good + + + - Fto+ -~ 1ot + to+ —~tox + to+

Undetermined Undetermined Undetermined
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Group Negative D-glucose Sucrose D-xylose I-inositol D-Mannitol  D-fructose Rhamnose Raffinose Cellulose L-arabinose

E19 good very good —tot + + + + * + - —tox

E 20 moderate very good - + —tot + + to+ +to+ + - +

E21 moderate  very good + + + - + + + — *

E 22 moderate good + + —tot + + * + - +

E 23 moderate  good + + + —to+ + —tox + to+ - +

E24 poor to good to - - —to+ - + * + - -
moderate very good

E 25 poor to very good - - - - + - * -~ -
moderate

Strorigly positive utilization (++), when growth on tested carbon in basal medium is equal to or greater than growth on basal medium plus glucose.

Positive utilization (+), when growth on tested carbon is significantly better than on basal medium without carbon, but somewhat less than on glucose.
Utilization doubtful (+), when growth on tested carbon is only slightly better than on the basal medium without carbon and significantly less than with glucose.
Utilization negative (—), when growth is similar to or less than growth on basal medium without carbon.
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