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It is estimated that about 45% of all biologically ac�
tive microbial metabolites are produced by actino�
mycetes [1]. Many actinomycete species that produce
biologically active compounds have been isolated from
soil. However, more than 90% of soil microorganisms
can not be cultured using current isolation methods
and techniques [2]. Scientists are searching for im�
proved methods for isolating actinomycetes from soil,
including new methods of treating the soil, new ways
of inhibiting the growth of unwanted microorganisms,
and new types of culture media [3–7]. As a result of
these efforts, it has been reported that the addition of
yeast extract to soil can activate actinomycetes spores
[8]. One research group selectively isolated Mi�
cromonospora spp., Dactylosporangium spp., Micro�
bispora spp., Microtetraspora spp., Actinomadura spp.,
and Streptosporangium spp. by adding 0.05% SDS and
6% yeast extract to a soil suspension and then shaking
at 40°C for 20 min [9]. Another research group found
that treating soil with calcium carbonate increased the
number of colony forming units (CFU) of Actinokine�
ospora spp. [4]. In terms of physical treatments, heat�

ing the soil helped with the isolation of rare actino�
mycetes [10] and ultrasonication increased the cultur�
ability of some actinomycete species but decreased the
culturability of others [11].

Microwaves are part of the electromagnetic spec�
trum, ranging in frequency from 300 million cycles per
second (300 MHz, λ = 1000 mm) to 300 billion cycles
per second (300 GHz, λ = 1 mm). Many studies have
examined the use of microwaves for sterilization of
soil. For example, Ferriss [12] reported that micro�
wave irradiation of soil reduced total fungal and total
prokaryote counts in soil extracts. The same author
found that the effects of microwave irradiation in�
creased with treatment time, decreased with the
amount of soil, and decreased as the soil water content
increased from 16 to 37% (w w–1). There are few re�
ports about the effect of microwave irradiation on the
culturability of microorganisms, and especially the
culturability of actinomycetes [13–15]. Bulina et al.
[13] reported that microwave irradiation significantly
increased the number of culturable rare actinomycete
taxa in soil, including Micromonospora, Micropolyspo�
ra, Norcardia, and Actinomadura. Yang et al. [14] re�
ported that short periods of microwave irradiation in�
creased culturable actinomycete counts and the num�
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ber of culturable actinomycete isolates in a sandy
aeolian soil. The same author also found that irradia�
tion increased the number of antagonistic actino�
mycete isolates as a percentage of the total number of
cultural actinomycete isolates. Xue et al. [15] reported
that microwave irradiation of a calcareous soil in�
creased the total counts of culturable actinomycetes,
Streptomyces spp., and Micromonospora spp. in soil ex�
tracts. The increases were greater when moist soil was
irradiated, rather than dry soil. These studies demon�
strated that microwave irradiation can increase the to�
tal counts and isolates number of culturable actino�
mycetes in sandy aeolian or calcareous soils, however
the novel actinomycete isolates isolated from micro�
wave irradiated soil were not identified.

The objective of this research was to investigate the
use of microwave irradiation as a possible means for
isolating previously unknown actinomycete species
from soil. We compared the actinomycetes population,
isolates number, and the number of antagonistic acti�
nomycete isolates in irradiated and non�irradiated soil
samples. Isolates which were unique to irradiated sam�
ples were identified by 16S rDNA sequence analysis.

MATERIAL AND METHODS

Soil sampling. Soil samples (5–20 cm depth) were
collected at ten elevations on the north side of Tai�
bai Mountain, Shaanxi Province, China (33°57′~
34°58′ N, 107°45′~107°53′ E) (Table 1). The samples
were placed in sterile polyethylene bags, sealed, and
stored in the dark at 4°C until use.

Soil chemical analyses. Soil organic matter was
measured by the Walkley and Black method. Calcium
carbonate was determined by the vacuum�gasometric

method. Soil pH was measured with a pH meter (Leici
PHS�3D, Shanghai, China) using a soil : water ratio of
1 : 2.5. Selected soil properties are shown in Table 1.

Soil sample pretreatment. Soil samples were air�
dried for two weeks and then passed through a 1 mm
sieve to remove gravel and large organic material. Soil
samples (5.0 g) were put into 10 mL centrifuge tubes
and then moistened with 2 mL sterile water to help ab�
sorb microwave irradiation. The tubes with moistened
samples were put into a 1000 mL breaker with 900 mL
room�temperature water to reduce heating. The
breaker was placed in the center of a 2450 MHz micro�
wave oven (Galanz P7021TP�6, Guangdong, China)
and irradiated at 120 W power for 3 min. Change in the
water temperature in the breaker was monitored with a
mercury thermometer. The change was less that 1°C.
These soil samples will be referred to as the microwave
irradiated samples. Non�irradiated soil samples were
the controls.

Isolation. We used the soil dilution plate technique
to isolate actinomycetes from the soil samples. Serial
dilutions were prepared by adding 5.0 g of irradiated or
non�irradiated soil to 45.0 mL sterile distilled water (10–1),
followed by shaking and further dilution to 10–5. Three
agar media were tested: Gause’s synthetic agar (G)
(Gause et al., 1983), Gause’s synthetic calcium agar
(5 g CaCl2 added to 1000 mL Gause’s synthetic agar,
GCa), and Gause’s synthetic nutrient�poor agar
(Gause’s synthetic agar at one tenth the recommend�
ed concentration, GP). All media were supplemented
with potassium dichromate (80 mg L–1) to inhibit the
growth of bacteria and fungi. All plates were incubated
at 28°C for 15 days. Colonies were identified by their
cultural and morphological characteristics, and by mi�

Table 1. Selected chemical properties of the soil samples

Sample Elevation (m) Soil type Organic matter (g kg–1) pH CaCO3 (g kg–1)

1 800 Alpine cinnamonic soil 24.4 7.24 8.23

2 1200 Alpine cinnamonic soil 27.7 6.73 5.96

3 1850 Alpine brown soil 57.9 6.58 1.84

4 2270 Alpine brown soil 40.6 5.76 0.98

5 3490 Paramo soil 32.5 5.7 0.55

6 3530 Paramo soil 72.0 5.57 0.72

7 3600 Paramo soil 40.8 5.86 0.47

8 3640 Paramo soil 50.5 6.29 0.52

9 3660 Paramo soil 32.0 6.34 1.03

10 3670 Paramo soil 42.6 6.61 0.82
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croscopic observation if needed. One colony of each
type was transferred onto Gause’s synthetic agar
slants, incubated at 28°C for seven days, and then
stored in the dark at 4°C.

All experiments were performed in triplicate. The
average actinomycete and streptomyces colony counts
on each plate were calculated. Data are reported as
CFU g–1 dry soil. Differences in colony numbers be�
tween the corresponding irradiated and non�irradiat�
ed samples were analyzed using t�tests with SAS 9.0
statistical software.

Antimicrobial activity. Antimicrobial activity was
analyzed using the agar block method and fifteen tar�
get microorganisms (2 bacterial and 13 fungal strains),
provided by the Microbiology Resource Laboratory at
the College of Natural Resources and Environment,
Northwest A&F University. The bacterial strains were
Escherichia coli and Staphylococcus aureus. The fungal
strains were Penicillium sp., Candida tropicalis and
11 plant pathogens: Fusarium sp. and F. solani, which
cause potato dry rot; F. equiseti, which causes fusari�
um wilt of melon; F. oxysporum f. sp. niveum, which
causes fusarium wilt of watermelon; F. oxysporum f. sp.
cucumerinum, which causes fusarium wilt of cucum�
ber; Pestalotiopsis sp., which causes strawberry root
rot; Verticillium dahliae, which causes cotton verticil�
lium wilt; Didymella bryoniae, which causes ascochyta
blight; Cylindrocarpon sp., which cause rust rot in
American ginseng; and two strains of Cylindrocarpon
destruction, which cause ginseng rot. 

Identification. Comparisons were made between
corresponding irradiated and non�irradiated samples
plated on G medium. Actinomycete isolates unique to
the irradiated samples were divided into 14 groups ac�
cording to colony morphology, color of aerial and sub�
strate mycelium, and sporophore characteristics. A
representative of each group was identified by 16S rDNA
sequence analysis. 

The DNA extracts were made from pure isolates using
the method described by Saito and Miura [16]. Partial 16S
rDNA gene fragments were amplified from these extracts
by polymerase chain reaction (PCR) using the bacterial
primers 27F: 5'�AGAGTTTGATCCTGGCTCAG�3'
and 1541R: 5'�AAGGAGGTGATCCAGCCGCA�3'.
Amplification was carried out in a DNA Engine thermal
cycler (BIO�RAD, United States), using a 50 μL reac�
tion mixture containing 4 μL Taq DNA polymerase
(2.5 U μL–1, Tiangen, Beijing), 5 μL 10× buffer (Tian�
gen), 1 μL 20 mM deoxynucleoside triphosphate
(Tiangen), 37 μL of sterile distilled water, 1 μL of each
primer (50 μM), and 1 μL of template. The PCR ther�
mo cycling conditions were initial denaturation at
94°C for 4 min, 30 cycles at 94°C for 1 min, 56°C for
1 min, 72°C for 2 min, and a final elongation at 72°C for
10 min. The PCR reactions were purified and sequenced
by Sangon Biotech (Shanghai) Co., Ltd. The sequences
from all reactions were compared with the pub�

lished sequences of reference strains available from the
EMBL/GenBank/DDBJ databases.

RESULTS

Actinomycete and streptomycete counts. Micro�
wave irradiation increased the total actinomycete and
streptomycete counts on all three culture media in this
study. The exception was sample 8 on GCa medium
(Table 2–4). Irradiation increased total actinomycete
counts on G medium by 17 to 248% compared with
the corresponding non�irradiated treatment. The in�
creases due to irradiation were significant (P < 0.05)
for samples 3, 6, 7, 9 and 10. Irradiation also increased
the total streptomycete counts on G medium by 7 to
239% compared with the corresponding non�irradiat�
ed treatment. The increases were significant (P < 0.05)
for samples 5, 6, 7 and 10. Irradiation significantly
(P < 0.05) increased the total actinomycete or strepto�
mycete counts on G medium in five of six samples
from elevations >3000 m versus in one of four samples
from elevations <3000 m (Table 2).

Irradiation increased the total actinomycete counts
on GCa medium by 41 to 353% compared with non�
irradiated samples (Table 3). The increases were sig�
nificant (P < 0.05) in samples 1, 2, 3, 4, 6, 9 and 10. Ir�
radiation increased the total streptomycete counts on
GCa medium by 15 to 422%. The increases were sig�
nificant (P < 0.05) for samples 1, 2, 6, 7, 9 and 10. Ir�
radiation significantly (P < 0.05) increased the total
actinomycete or streptomycete counts on GP medium
in four of six samples from elevations >3000 m versus in
four of four samples from elevations <3000 m (Table 3).

Irradiation increased the total actinomycete counts
on GP medium by 41 to 353%. The increases were sig�
nificant (P < 0.05) in samples 1, 2, 3, 4, 6, 9 and 10.
Total streptomycete counts were 15 to 422% greater in
irradiated samples than in non�irradiated samples.
The increases were significant (P < 0.05) for samples 1,
2, 6, 7, 9 and 10. Irradiation significantly (P < 0.05) in�
creased the total actinomycete or streptomycete
counts on GP medium in five of six samples from ele�
vations >3000 m versus in two of four samples from el�
evations <3000 m (Table 4).

Actinomycete isolates number. Irradiation in�
creased the number of culturable actinomycete iso�
lates. The number of actinomycete isolates isolated
from irradiated samples was equal to or greater than
the number isolated from non�irradiated samples (Ta�
ble 5). Furthermore, each irradiated sample had cul�
turable actinomycete isolates which were not cultura�
ble in the corresponding non�irradiated sample. This
observation was true for all three culture media in this
study. The number of actinomycete isolates that were
only culturable in irradiated samples ranged from 3 to
19 on G medium, 2 to 12 on GCa medium, and 1 to
13 on GP medium. Compared with samples from
higher elevations, samples from elevations <3000 m



MICROBIOLOGY  Vol. 82  No. 1  2013

MICROWAVE IRRADIATION IS A USEFUL TOOL FOR IMPROVING ISOLATION 105

had more actinomycete isolates which were culturable
only after irradiation. Overall, we infer that irradiation
caused the germination of some actinomycete spores
which could not germinate under regular conditions.

Some actinomycete isolates became unculturable
after irradiation (Table 5). This was true for all soil
samples and culture media except sample 7 on
G medium. The number of actinomycete isolates that
were unculturable after irradiation ranged from 0 to 16
on G medium, 2 to 10 on GCa medium, and 1 to 13
on GP medium. Compared with samples from higher
elevations, samples from elevations <3000 m had more
actinomycete isolates that became unculturable after
irradiation.

Irradiation also changed the dominant actino�
mycete isolates isolated from soil samples, especially
in soil samples from elevations <3000 m. The change
was more obvious on G and GP media than that on
GCa medium.

Antagonistic actinomycetes. Microwave irradiation
increased the number of antagonistic actinomycete
isolates, especially in samples from elevations <3000 m
(Table 6). Irradiation increased the number of antago�
nistic isolates cultured on G medium by 57% for sam�
ple 1, by 69% for sample 2, by 20% for sample 3, and
by 100% for sample 4. For GCa medium, irradiation
increased the number of antagonistic isolates by 17%

for sample 1, 67% for sample 2, 8% for sample 3, and
100% for sample 4. For GP medium, irradiation in�
creased the number of antagonistic isolates by 50% for
sample 1, 83% for sample 2, 50% for sample 3, and
700% for sample 4. Irradiation had less effect on the
number of antagonistic actinomycete isolates in sam�
ples from high elevations. 

Microwave irradiation generally increased the
number of culturable antagonistic actinomycete iso�
lates when expressed as a percentage of the total num�
ber of actinomycete isolates. Specifically, irradiation
increased the percentage in seven samples when cul�
tured on G medium, in five samples when cultured on
GCa medium, and in six samples when cultured on
GP medium (Table 6). The percentages decreased
slightly or did not change in the other samples. Aver�
aged across all ten samples, the percentage of antago�
nistic isolates culturable on G medium increased from
48% in the non�irradiated treatment to 60%) in the
irradiated treatment. On GCa medium, the percent�
age of culturable antagonistic isolates increased from
41% in the non�irradiated treatment to 49% in the
irradiated treatment. On GP medium the percentage
of culturable antagonistic isolates increased from 44%
in the non�irradiated treatment to 51% in the irradi�
ated treatment. Among actinomycete isolates that
were culturable only after irradiation, 65% of those on

Table 2. Soil actinomycete population (×104 CFU g–1 dry soil) on Gause’s synthetic agar

Soil Microbe type  Control Irradiated samples Soil Microbe type  Control Irradiated samples

Total 98.8 ± 27.4 147.0 ± 29.4 Total 3.4 ± 0.4 11.9 ± 1.5*

1 Strepa 48.1 ± 2.2 56.0 ± 21.6 6 Strep 1.4 ± 0.3 4.6 ± 0.6*

Other 50.7 ± 29.5 91.0 ± 29.5 Other 2.0 ± 0.4 7.4 ± 1.1*

Total 214.0 ± 38.1 259.0 ± 12.8 Total 5.4 ± 0.3 11.9 ± 1.5*

2 Strep 92.5 ± 24.7 105.0 ± 21.8 7 Strep 2.4 ± 0.2 5.1 ± 0.7*

Other 121.6 ± 53.2 154.0 ± 32.6 Other 3.0 ± 0.4 6.9 ± 1.1*

Total 277.4 ± 24.9 366.8 ± 35.7*b Total 16.1 ± 1.3 19.4 ± 1.8

3 Strep 73.5 ± 11.6 100.8 ± 25.5 8 Strep 8.3 ± 1.0 8.9 ± 1.1

Other 203.9 ± 36.5 266.0 ± 10.6* Other 7.8 ± 0.3 10.5 ± 1.3

Total 45.6 ± 23.1 134.4 ± 80.1 Total 1.3 ± 0.4 3.4 ± 0.4*

4 Strep 19.0 ± 65.8 64.4 ± 35.7 9 Strep 0.3 ± 0.1 0.6 ± 0.1

Other 26.6 ± 21.2 70.0 ± 46.5 Other 1.0 ± 0.3 2.8 ± 0.5*

Total 1.6 ± 0.4 2.1 ± 0.7 Total 82.3 ± 24.7 243.6 ± 70.7*

5 Strep 0.1 ± 0.02 0.3 ± 0.06* 10 Strep 27.9 ± 9.6 81.2 ± 25.7*

Other 1.5 ± 0.5 1.8 ± 0.6 Other 54.5 ± 22.3 162.4 ± 45.3*

Notes: a Total, total actinomycetes; Strep, streptomycetes; Other, total actinomycetes minus streptomycetes.  
b* Significant difference at P < 0.05.
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Table 3. Soil actinomycete population (×104 CFU g–1 dry soil) on Gause’s synthetic calcium agar

Soil Microbe type  Control Irradiated samples Soil Microbe type  Control Irradiated samples

Total 54.5 ± 14.4 141.4 ± 17.0*b Total 5.0 ± 1.4 10.0 ± 1.8*

1 Strep a 10.1 ± 7.9 28.0 ± 4.8* 6 Strep 1.7 ± 0.3 3.7 ± 0.5*

Other 44.3 ± 1.3 113.4 ± 15.1* Other 3.3 ± 1.1 6.3 ± 1.3*

Total 121.6 ± 30.4 254.8 ± 46.8* Total 4.9 ± 1.1 8.0 ± 1.8

2 Strep 40.5 ± 2.2 64.4 ± 2.4* 7 Strep 0.5 ± 0.0 2.8 ± 0.4*

Other 81.1 ± 32.3 190.4 ± 45.3* Other 4.4 ± 1.0 5.2 ± 1.6

Total 168.5 ± 11.0 263.2 ± 43.7* Total 11.9 ± 0.7 11.6 ± 0.8

3 Strep 29.1 ± 8.8 33.6 ± 8.4 8 Strep 6.6 ± 1.1 5.0 ± 0.9

Other 139.3 ± 2.2 229.6 ± 38.1 Other 5.3 ± 0.6 6.6 ± 0.7

Total 20.3 ± 2.2 84.0 ± 7.3* Total 3.5 ± 0.4 5.0 ± 0.7*

4 Strep 7.6 ± 3.8 22.4 ± 10.6 9 Strep 0.8 ± 0.2 1.3 ± 0.1*

Other 12.7 ± 4.4 61.6 ± 4.8* Other 2.7 ± 0.3 3.6 ± 0.6

Total 0.5 ± 0.3 1.6 ± 0.8 Total 38.0 ± 13.7 172.2 ± 58.3*

5 Strep 0.1 ± 0.1 0.3 ± 0.1 10 Strep 6.3 ± 2.2 23.8 ± 6.4*

Other 0.4 ± 0.4 1.3 ± 0.7 Other 31.7 ± 13.3 148.4 ± 63.0*

Notes: a Total, total actinomycetes; Strep, streptomycetes; Other, total actinomycetes minus streptomycetes.
b* Significant difference at P < 0.05.

Table 4. Actinomycetes counts (×104 CFU g–1 dry soil) on Gause’s synthetic nutrient�poor agar

Soil Microbe type  Control Irradiated samples Soil Microbetype  Control Irradiated samples

Total 81.1 ± 17.6 114.8 ± 28.0 Total 2.4 ± 1.1 4.8 ± 0.5*

1 Strepa 39.3 ± 8.8 54.6 ± 12.6 6 Strep 0.7 ± 0.4 1.9 ± 0.2*

Other 41.8 ± 15.2 60.2 ± 15.9 Other 1.7 ± 0.6 2.8 ± 0.3*

Total 163.4 ± 1.0 204.4 ± 72.1 Total 2.2 ± 0.7 4.9 ± 1.3*

2 Strep 79.8 ± 10.1 117.6 ± 33.3 7 Strep 0.5 ± 0.0 1.1 ± 0.3*

Other 83.6 ± 3.8 86.8 ± 44.9 Other 1.8 ± 0.7 3.8 ± 1.2

Total 159.6 ± 17.4 275.8 ± 47.2*b Total 5.0 ± 0.5 11.7 ± 0.8*

3 Strep 54.5 ± 15.8 98.0 ± 14.7* 8 Strep 2.6 ± 0.5 4.4 ± 0.3*

Other 105.1 ± 32.3 177.8 ± 32.6 Other 2.3 ± 0.0 7.3 ± 0.9*

Total 19.0 ± 3.8 70.0 ± 21.1* Total 1.3 ± 0.6 2.8 ± 0.4*

4 Strep 7.6 ± 6.6 32.2 ± 6.4* 9 Strep 0.5 ± 0.2 1.4 ± 0.3*

Other 11.4 ± 3.8 37.8 ± 15.1* Other 0.7 ± 0.4 1.4 ± 0.2

Total 0.5 ± 0.1 1.2 ± 0.0* Total 48.1 ± 8.8 77.0 ± 24.6

5 Strep 0.1 ± 0.0 0.3 ± 0.2 10 Strep 25.3 ± 9.6 33.6 ± 0.0

Other 0.4 ± 0.0 0.9 ± 0.1* Other 22.8 ± 3.8 43.4 ± 24.6

Notes: a Total, total actinomycetes; Strep, streptomycetes; Other, total actinomycetes minus streptomycetes.
b* Significant difference at P < 0.05.
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Table 5. Number of culturable actinomycete isolates isolated from irradiated and non�irradiated soil samples

Soil
Gause’s synthetic agar Gause’s calcium agar Gause’s nutrient�poor agar

NI a MI MO DA NI MI MO DA NI MI MO DA

1 19 21 16 14 10 11 6 5 11 16 12 7

2 25 28 19 16 16 17 11 10 17 15 10 12

3 19 21 12 10 18 17 7 8 13 13 13 13

4 7 14 12 5 9 14 12 7 4 10 8 2

5 10 11 3 2 10 12 6 4 7 7 4 4

6 5 7 4 2 11 14 6 3 9 11 6 4

7 8 12 4 0 10 10 7 7 7 9 5 3

8 14 15 8 7 10 11 5 4 11 16 7 2

9 11 14 8 5 12 12 2 2 11 11 1 1

10 15 14 6 7 8 8 4 4 10 11 8 7

Note: a NI, non�irriadiated control; MI, microwave irradiated samples; MO, actinomycete isolates isolated from MI only; DA, actino�
mycetes which were isolated from NI but not observed in MI.

Table 6. Number of culturable antagonistic actinomycete isolates isolated from irradiated and non�irradiated soil samples

Soil
Gause’s synthetic agar Gause’s calcium agar Gause’s nutrient�poor agar

NIa MI MO NI MI MO NI MI MO

1 7 11 7 6 7 4 8 12 8

2 16 27 17 6 10 10 6 11 9

3 12 15 10 13 14 6 10 15 11

4 4 8 7 3 6 5 1 8 7

5 5 6 3 6 6 3 0 0 0

6 2 3 2 3 3 2 6 6 3

7 2 2 0 1 1 1 1 3 3

8 7 7 2 3 3 1 1 2 2

9 6 9 6 7 6 1 8 8 1

10 8 10 6 2 6 5 6 6 2

Total 69 98 60 50 64 40 48 72 47

Note: a NI, non�irriadiated control; MI, microwave irradiated samples; MO, actinomycete isolates isolated from MI only.
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G medium showed antagonistic activity versus 59% of
those on GCa medium, and 57% of those on
GP medium. These percentages were higher than the
percentages of antagonistic actinomycete isolates iso�
lated from irradiated and non�irradiated soil.

Soils from elevations <3000 m generally had a
greater number of antagonistic actinomycete isolates
that were culturable only after irradiation than soils
from elevations >3000 m (Table 6). For example, sam�
ple 1 had 7 actinomycete isolates that were culturable
on G medium after irradiation, sample 2 had 17, sam�

ple 3 had 10, and sample 4 had 7. These numbers were
all greater than those for higher elevations.

Identification. A total 92 actinomycete isolates
were culturable only after irradiation of these 10 soil
samples. The strains were tentatively classified on the
basis of the morphological characteristics, then 14 iso�
lates were selected for identification by 16S rDNA se�
quence analysis. The 14 isolates mainly belong to four
genera: Streptomyces (79%), Nocardia (7%),
Streptosporangium (7%) and Lentzea (7%) (Table 7).
Thirteen of the fourteen strains are known to show
bioactivity. 

Table 7. Fourteen actinomycete strains that were only culturable after microwave irradiation of the soil samples were iden�
tified by 16S rDNA sequence analysis

Isolate

Nearest database match

Antagonistic to

Name Accession
number Bioactivity Similarity 

(%)

MG202 Streptomyces zaomyceticus AB184346 Zaomycin [17] 100.0 S, Ct

MG418 Streptomyces violarus AB184316 Antagonism [18] 100.0 S, Fe, D, Foc, C

MG414 Streptomyces aureus AB249976 Luteomycin, Fungicidine, 
Aureomycin, [19–21]

99.9 S

MG203 Streptomyces glauciniger AB249964 Antagonism [22] 99.8 –

MG401 Streptomyces xanthophaeus AB184177 Geomycin [23] 99.7 –

MG211 Streptomyces bungoensis AB184696 Antibiotic [24] 99.6 –

MG207 Streptomyces rubiginosohelvolus AB184240 Daunomycin [25] 99.2 S

MG306 Streptosporangium amethystogenes 
subsp. amethystogenes

X89935 – 99.2 S

MG314 Streptomyces goshikiensis AB184204 Bandamycin [26] 99.2 S, Pe, D, Fe, V, P, 
C, CS

MG606 Streptomyces olivochromogenes AB184737 Ferulic acid esterase [27] 99.0 E

MG411 Streptomyces phaeofaciens AB184360 PAF antagonist [9] 98.8 S, Fe, D, V, P, F, 
C

MGa06 Lentzea flaviverrucosa AF183957 – 98.5 S, CS

MG210 Nocardia soli AF430051 – 98.0 –

MG308 Streptomyces hygroscopicus subsp. 
ossamyceticus

AB184560 Antagonism [28] 97.8 –

Note: a E, Escherichia coli; S, Staphylococcus aureus; Pe, Penicillium sp.; Ct, Candida tropicalis; F, Fusarium sp.; Fe, F. equiseti; Foc,
F. oxysporum f. sp. cucumerinum; P, Pestalotiopsis sp.; V, Verticillium dahliae; D, Didymella bryoniae; C, Cylindrocarpon sp.; CS,
Cylindrocarpon destruction.
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DISCUSSION

The results showed that irradiation with a 120 W,
2450 MHz microwave oven increased the culturable
actinomycete population and isolates number, espe�
cially increasing the number of isolates that were not
culturable using conventional methods. Microwave
irradiation had a particularly significant effect on sam�
ples from elevations <3000 m. It is also noteworthy
that irradiation increased the number of culturable
antagonistic isolates. This could be helpful for the dis�
covery of new antibiotic producers and the exploita�
tion and utilization of new, biologically active com�
pounds.

Ferriss [12] found that treatment with 625 W re�
duced total fungi and total prokaryotes counts. In
comparison, Bulina et al. [13] used an 80 W micro�
wave in their study and reported that microwave irra�
diation significantly increased Micromonospora spp.,
Micropolyspora spp., Norcardia spp. and Actinomadura
spp. counts. Our results showed different results using
120 W microwave, and the difference indicated that
the effect of microwave irradiation on soil was vary due
to the differences of power of microwave. The results
of this research, which studied the effects of micro�
wave irradiation on this calcium deficient mountain
soil, were similar to the studies of Aeolian sandy soil
[14] and calcareous soil [15]. Therefore, we conclude
that 120 W microwave irradiation could improve the
isolation efficiency of actinomycetes from various
types of soil on wide range of media.

To our knowledge, this study is the first to report
that some actinomycetes became culturable after
microwave irradiation of soil samples whereas other
actinomycetes became unculturable after irradiation.
The mechanism for these changes in actinomycetes
culturability is unknown.
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