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Comparing Different Methods for Isolating Fusarium from Soybean Rhizo-
sphere Soil
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Abstract ; Fusarium root rot of soybean is one of the soil- borne diseases which is difficult to control. In soil, distribution of
Fusarium is surprisingly diverse ,which can efficiently influence the pathogenic Fusarium populations and host resistance. 1-
solation of Fusarium is very useful in the study of soil Fusarium diversity. Many methods for the isolation of Fusarium have
been reported , but the efficiency was certainly different. In this paper, some related contents which affect the effeciency of
Fusarium separation were researched ,and dilution plate method and direct soil plating method were compared. The results
showed that bacteria could be inhibited excellently when the concentration of antibiotic reached fourfold, but there was no
significant impact on the number of fungi. Interestingly, it seems that different combination of antibiotics had effect on Fusar-
ium isolation. Between colony forming units (CFU) of fungi and different sample volume, well linear relationship were de-
tected in both sterile water and Water Agar treatment( R> >0.9). The isolation rate of Fusarium in sterile water treatment
was 21.0% ,a bit higher than that in Water Agar treatment, which was 10. 0% . No significant effects on Fusarium isolation
between two culture media were observed. Compared with Malachite Green Agar (MGA) ,Peptone PCNB Agar ( PPA) be-
haved higher isolation rate of Fusarium which was 20.93% . The difference between Fusarium isolation rates derived from
two culture methods were significant. The isolation rate of Fusarium derived from direct soil plating method were all above
60.0% ,which is significantly higher than that derived from dilution plate method which were all below 6% .
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The genus Fusarium is a widely- distributed phyto- pathogen , which host to more than one hundred plant
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species ( Kistler,1997 ). The soybean root rot caused by
Fusarium ,is one of soil- borne diseases which is diffi-
cult to control ( Kistler et al., 1999; Isabel et al.,
2003). So far at least seven species of Fusarium isola-
ted from infected soybean root was identified as patho-
gen (Wang et al.,2004 ; Gao et al.,1992;Tai,2003).
This fungi has a highly diverse variant, including sever-
al dozens of pathogenic formae speciales and ubiqui-
tously present nonpathogenic strains ( Armstrong and
Armstrong, 1981 ). In soil, Fusarium diversity level is
very high (Alves-Santos et al.,1999 ; Gordon and Mar-
tyn, 1997 ; Postma and Rattink ,1992) which has a defi-
nite impact on the pathogenic Fusarium population dy-
namics and host resistance (Li et al.,2002). But the
diversity of Fusarium in soybean rhizosphere of China
is not clear.

Fusarium isolation is the primary problem in soil
Fusarium diversity study, so some selective culture
media,such as Peptone PCNB Agar (PPA) , Komada%s
Medium , Selective Fusarium Agar (SFA) ,or Malachite
Green Agar (MGA 2.5) have been developed for iso-
lating and enumerating Fusarium from natural samples.
However,some of them are not very selective because
they allow the growth of many other fungal species
( Bragulat et al.,2004 ). PPA used most prevalent in all
of these media. It is highly inhibitory to most other fun-
gi and bacteria and allows slow growth of Fusarium
(John and Brett,2006). Komadas Medium was devel-
oped for quantitative isolation of F. oxysporum from soil
(Komada,1975). SFA was developed for the selective
isolation of Fusarium species from soil debris ( Burgess
et al.,1977). In MGA, the PCNB is replaced by 2.5
mg L.~" malachite green,this medium probably will be-
come more important as the availability of PCNB de-
clines (Castella et al.,1997) ; MGA is also reported to
be more inhibitory of common contaminants without re-
ducing the number of colonies of Fusarium recovered in
PPA (Bragulat et al.,2004).

Although many media can be used, effective sepa-
ration of Fusarium from soybean rhizosphere was still
difficult. In Fusarium isolation ,interference from bacte-
ria and other fungi is a major problem which difficult to

solve. To achieve the best Fusarium isolation,some re-

searchers improved the medium such as altered antibi-
otic species or dosages. However, some antibiotics are
difficult to buy or have no satisfactory results. Microbial
growth may affect by soil texture and pH, the bacteria
may also have resistance against some antibiotics. So i-
solate Fusarium from a specifically sample ( for exam-
ple soybean rhizosphere soil) using the same medium
above may need some changes. Diluted plate was wide-
ly used in Fusarium isolation,but it required amount of
agar medium and labor. Soil plate was rarely used, but
its easy to operate ( Helle and Susanne , 1999 ; Liang and
Lv,2000). To enable separation category and quantity
of Fusarium species,0.05% or 0. 1% Water Agar was
used more to soil dilution abroad than sterile water at
home.

Above all, some related contents which affecting
the effeciency of Fusarium separation were researched ,
and dilution plate method and direct soil plating meth-
od were compared, together for isolating Fusarium from

soybean rhizosphere soil.
1 Materials and methods

1.1 Field sites and Sampling

The infections of root rot could be affected by
large differences in soil properties ( Gill et al.,2001).
To minimize the soil effects, sampling files were at the
same locations in soybean long-term experiment spot of
Hailun Agroecology Experiment Station, CAS, MN
(126°38'N;47°26' W ). Soybean rhizosphere soil was
collected in four different soybean rotation systems spot
on 18 October 2006 ,in which soybean cultivar Heinong
35 was planted. Four samples were soybean continuous
cropping (SSS) , Wheat- Corn- Soybean ( WCS) , Corn-
Soybean( CS) and Corn-Soybean-Soybean ( CSS). The
samples were air- dried and sieved then stored at 4°C
until processed.
1.2 Culture media

Three culture media were used in this study, | )
Peptone PCNB Agar ( PPA) ,which components are 15
g of peptone,1 g of KH,PO,,0.5 g of MgSO, - 7 H,0,
1 g of PCNB,20 g of agar,in 1 liter of distilled water
(John and Brett, 2006 ). ji ) Malachite Green Agar
(MGA) ,which components are 15 g of peptone,1 g of
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KH,PO,,0.5 g of MgSO, - 7H,0,2.5 mg of malachite
green oxalate,20 g of agar,in 1 liter of distilled water
(Castell’a et al.,1997). iii ) Nash and Snyder Medium
base (NSMB) ,which components are 15g of peptone, 1
g of KH,PO,,0.5 g of MgSO, - 7H,0,20 g of agar,in
1 liter of distilled water ( Castell’a et al.,1997 ). Before
poured the plates with medium which had been auto-
claved and cooled to about 50°C , different antibiotics
were added. In addition, sterile water and 1% Water
Agar were used as dilution medium.
1.3 Antibiotics and dilution medium

Antibiotics were necessary when isolation Fusari-
um from soil using selective medium, but some antibiot-
ics were expensive and difficult to acquire or had dis-
satisfied effect. Considering the convenience and feasi-
bility, streptomycin, penicillin, gentamicin and rifampi-
cin were chose for test. Among them streptomycin was
effective against Gram- negative bacteria,and penicillin
against Gram- positive bacteria, and they were usually
used together in order to acquire satisfactory inhibition
effect. Gentamicin and rifampicin both were board
spectrum antibacterial.
1.4 Experimental design

Experimental design based on different antibiotics
concentration and combination, the relationship be-
tween colony forming units (CFU) of fungi or Fusari-
um and different sample volume with different dilution
media,and the effect of different culture medium and
method on Fusarium isolation rate and total CFU of
fungi genus.
1.4.1

the inhibition effects of antibiotic concentration on bac-

Antibiotic concentration In order to value
teria, three antibiotics concentration treatments were
designed. The initial concentration was 0. 067 g L~
streptomycin and 0. 11 g L™" Penicillin, which as first
treatment. The second was two folds of the two antibiot-
ics and the last one was fourfold. This experimental unit
was used the sample WCS and dilution plate method on
Fusarium selective medium ,using sterile water as dilu-
tion medium. After cultured, all the CFU of bacteria
and fungi were counted.

1.4.2

PPA, MGA and some other Fusarium selective medi-

Antibiotic combinations According to

um, most of components were same, only one compo-
nent( such as PCNB) or antibiotic was changed in type
or quantity. Four combinations were designed with PC-
NB and four antibiotics to detect the effects of antibiot-
ic combination on total CFU of fungi and Fusarium.
The four combinations were all base on NSMB and
components as follow; ( ) NSMB + PCNB (1.0 ¢
L™") + streptomycin; ( i ) NSMB + PCNB (1.0 ¢
L™") + treptomycin + rifampicin; ( {ji ) NSMB + strep-
tomycin + gentamicin + rifampicin; ( v ) NSMB +
streptomycin + gentamicin + penicillin.
1.4.3 Sample volume and dilution media To en-
sure the veracity and validity of isolation, we detected
the relationship between total colony forming units per
plate of fungi and different sample volume, and the
CFU difference of Fusarium between two dilution
media. The two dilution media were sterile water and
Water Agar, four sample volumes added to each plate
were 0.125,0.25,0.5 and 1.0 mL.
1.4.4 Culture medium compared PPA and MGA
as culture media for selectively isolating Fusarium from
soil were reported. In this test we counted the total CFU
of fungi and number of different fungi genus.

1.4.5

method and direct soil plating method were compared

Culture method compared Dilution plate
by detecting the difference of Fusarium isolation rate in
four samples.

1.5 Culture method

1.5.1
(10 g) was added into 100 mL soil dilution medium

Dilution plate method Sub sample of soil
and mixed thoroughly in shaker. Further dilution series
were made using 1 mL of the above mentioned solutions
into 9 mL soil dilution medium. 0.5 mL of dilution (1
1000, based on preliminary tests) was transferred to
three Petri dishes containing Fusarium medium and
dispersed by a glass “hockey stick” applicator to spread
the suspension ( Siegrid and Ingrid, 2004 ). The Petri
dishes were incubated at 25°C in dark. After 3 -5 days
the total colonies were counted and expressed as mean
CFU/plate. Then the representative colonies were
transferred to potato- dextrose- medium for further iden-
tification.

1.5.2 Direct soil plating method Direct poured
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0.05 g soil into Petri dishes with Fusarium selective
medium , following operation was the same as the dilu-
tion plate method (Lv et al.,2006).
1.6 Statistical analyses

The data were analyzed using ANOVA. Mean val-
ues were compared using Duncan’s Law. The analysis
was conducted using the SAS System for Windows
(version 6.12) and DPS (version 7.55).

2  Results

2.1 Inhibition effects of antibiotic concentration
on mean CFU/plate of bacteria and fungi

The inhibition of bacteria results showed that the
mean CFU/plate of bacteria decreased when increased
the concentration of antibiotics. In this study, inhibiting
effect was best at fourfold concentration of antibiotics,
and significant differences among them were observed
(P <0.01). At the same time,the mean CFU/plate of
fungi maintain stable, no significant differences among
them were observed (P =0.769). So the increase of
antibiotic concentration could inhibit the growth of bac-
teria but have no effect on fungi (Fig.1).

[ Bacteria

| O Fngi

70 +
60
50
40 t
30
200 A B C
10 L

0 N

AC1 AC2 AC3

CFU plate’!

Fig. 1 Inhibition effects of antibiotic concentration on mean
CFU/plate of bacteria. AC1, AC2 and AC3 means
three antibiotic concentrations; the initial, two fold
and fourfold. The letter A,B and C means significant-
ly difference of bacteria between three treatments (P
<0.01).

2.2 Effect of antibiotic combination on total mean
CFU/plate of fungi and Fusarium spp
When using sterile water as medium, the mean
CFU/plate of fungi were similar between combination
(iii) and (iv ), but had significant differences from
combination ( | ) (P <0.01) ; When using Water Agar

as medium , there were no significant differences among

different combinations observed. Selected colonies were
subcultured in different combinations of antibiotics u-
sing Water Agar as media to identify the CFU for Fu-
sarium spp. in four combination, ( ] ) was the highest
one, and significant differences among them were ob-
served (P <0.01) ,which suggested that different anti-
biotic combinations had some effect on Fusarium isola-

tion (Fig.2).
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Fig.2  Effects of antibiotic combination on total mean CFU/

plate of fungi and Fusarium spp. C1 to C4 meant four
antibiotic combinations above ( | , ii,iii and v ).
The letter A, AB and B means significant difference
in sterile water between four treatments( P <0.01).

2.3 Sample volume and dilution media

2.3.1

plate of fungi to different sample volume

The relationship between total mean CFU/
Regres-
sion analyses with the sample volume as the independ-
ent variable , total mean CFU/plate of fungi as the de-
pendent variables were formed. A significant ( sterile
water: R* =0. 936 ; Water Agar;R2 =0.985) linear re-
lationship indicated that CFU of fungi was positively re-
lated to sample volume. No significant differences be-
tween sterile water and Water Agar were observed (P
=0.4233) (Fig.3).

2.3.2 Effect of dilution media on different fungi iso-
lation rate Representative colonies were subculture
from two treatments, and three different fungi genus
were identified. The most frequent one was Penicillium
spp. ,following was Fusarium spp. . The isolation rate of
Penicillium spp. was lower in sterile water than in Water
Agar. Reversely, the isolation rate of Fusarium spp. was
higher in sterile water than in Water Agar. No signifi-
cant differences among them were observed (P >

0.05) (Fig.4).
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Fig.4 Effect of two dilution media on
Fusarium isolation rate
2.4 Effect of culture medium on Fusarium spp.
isolation rate and total CFU of fungi genus
The number of mean CFU of fungi in PPA was
higher than in MGA , and significant differences among
them were observed (P < 0. 05). The isolation rate of
Fusarium spp. in PPA was 20.93% , about double than
that in MGA , but had no significant differences among
them(P >0.05). Colony grew faster in PPA than that
in MGA , after incubated two days the colonies could be
seen clearly in PPA and then had less new colony. By
contrast, visible colony appeared in MGA after three
days and some colonies might emergence slower. More
fungi genus were discovered in PPA rather than in
MGA , testify MGA had more inhibition against fungi
(Fig.5).
2.5 The effect of culture method on isolation rate
of Fusarium spp.

The isolation rate of Fusarium spp. of direct soil
plate method was usually more than 60% . Although soil
particles size and uniformity on selective medium plate
were impacted by operation, direct soil plate method

still had distinct advantage on purification when the
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Fig.5 The total CFU/plate of different fungi genus

quantity and quality of soil particles were appropriately
controlled. Generally, in dilution plate method Fusari-
um spp. isolation rate was lower than 6% . Significant

difference between them were observed (P <0.01).
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Fig. 6  Fusarium spp. isolation rate of different soybean ro-
tation systems compared two culture methods. SSS
= Soybean continuous cropping, WCS = Wheat-
Corn- Soybean, CS = Corn-Soybean and CSS = Corn-
Soybean- Soybean.

3 Discussion

Effective isolation Fusarium in soil was affected by
variety factors. It is proposed that inter and intra specif-
ic variation in the Fusarium species community ,in par-
ticular soil niche,is an outcome of the influence of bio-
climatic , multi- soil- edaphic and biotic factors ( Qaher,
2006 ). The interference form other fungi and bacteria
to the isolation effect of Fusarium species is also inevi-
table ,so selecting medium or improvement by different
researchers were needed. Bragulat et al. (2004 ) used
different strains of Fusarium spp. and natural samples to
compare six selective efficacy culture media, among
them no statistical differences were detected in colony
counts of the Fusarium spp. although the colony diame-
ters in MGA 2. 5 were significantly lower than the other
five media within strains tested ; with natural samples,

MGA 2.5 performs as a potent selective medium for
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Fusarium spp., whereas the other recommended selec-
tive media allows the growth of many different fungal
species including Zygomycetes and yeasts ( Bragulat et
al.,2004 ; Castella et al.,1997). In this study, MGA 2.
5 is better than PPA in selectivity for Fusarium and in-
hibitory to other fungi. This conclusion is the same as
the previous research. But the isolation rate of Fusari-
um in MGA 2.5 is lower than in PPA, which maybe
one of the reasons why MGA 2.5 was not popular.

Considering both the concentration and types of
the antibiotics are variable to different cases,so we just
choose the suitable concentration and types to the spe-
cific sample. No significant deference between sterile
water and Water Agar on total CFU of Fusarium spp.
were observed , but Water Agar had been suggested to
acquire more Fusarium species. At present, most re-
searchers use dilution plate method to isolate Fusarium
in soil, but this method was time consuming, huge a-
mount of medium and labors were required , which may-
be a restrictive factor when handling tremendous sam-
ples. Comparison between dilution plate method and di-
rect soil plating method showed that the latter method
has several advantages,such as well isolating ratio , eas-
ily to purification when the soil sample volume is ap-
propriate and resource- saving. So direct soil plating
method is feasible for fungal distribution studying be-
tween microhabitats and soil and it could replace the
dilution plating method to reduce both the required a-
mount of medium and labor ( Helle and Susanne,
1999).

The research was based on soybean rhizosphere of
black soil as sample. Fusarium diversity in the soil was
impacted by tillage, seed treatment, host resistance
(Siegrid and Ingrid,2004 ; Wang et al.,2004 ) and oth-
er factors,so application of this method still have some

restriction.
4  Conclusion

The bacteria could be inhibited excellently when
antibiotic density reached fourfold, but there was no
significant impact on the number of fungi. Interesting-
ly, it seems that different combination of antibiotics had

effect on Fusarium isolation. Between CFU of fungi and

different sample volume, well linear relationship were
detected in both sterile water and Water Agar treatment
(R*>0.9). The isolation rate of Fusarium in sterile
water treatment was 21. 0% , a bit higher than that in
Water Agar treatment which was 10. 0% . No significant
effects on Fusarium isolation between two culture
media were observed. Compared with MGA, PPA be-
haved higher isolation rate of Fusarium which was 20.
93% . The difference between Fusarium isolation rates
derived from two culture methods were significant. The
isolation rate of Fusarium derived from direct soil plat-
ing method were all above 60.0% , which is significant-
ly higher than that derived from dilution plate method
which were all below 6% .
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