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The effect of different composts on soil microflora, pathogen and the development of Fusarium wilt of spinach
caused by Fusarium oxysporum f. sp. spinaciae, was assessed under three successive cultivations in the green-
house. Composts of wheat bran, wheat bran and sawdust, coffee grounds, chicken manure and the mixture of com-
posts with or without 5% crabshell were applied into the infested soil at 5% (w/w) 30 days before the first cultiva-
tion and additional 2.5% after the second cultivation. The disease development was significantly suppressed by all
compost amendments after the second cultivation, most notably in the compost mixtures. In most compost treat-
ments, activation of microbial activity in the soil based on the hydrolysis of fluorescein diacetate was observed af-
ter each cultivation with a corresponding increase in the population of fungi, bacteria and actinomycetes deter-
mined by dilution plate technique. Particularly, bacterial population was enhanced more than the population of
fungi and actinomycetes. Moreover, the bacterial community structure investigated using PCR-DGGE analysis
clearly revealed that compost amendments diversified the bacterial community in the soil. Soil fungistasis mea-
sured by spore germination of the pathogen in compost treated soils, showed that composts strengthened soil fun-
gistasis. From the findings reported, we suggest that the shift and modification of the microbial community struc-
ture induced by compost enhanced competition and/or antagonism among microbes and strengthened soil

fungistasis leading to the decreased activity of the pathogen.

1. Introduction

The use of organic by products such as compost as soil amendment
is one of the very attractive agronomic practices. The use of composts
to reduce soilborne plant diseases is gaining the interest of plant pathol-
ogists, manufacturing and processing industries, regulators, consumers
and growers. It is not only an attractive waste management strategy
against the increasing problem dealing with the huge amount of organic
matter/wastes. Compost additions to soil favors plant development and
improve soil quality as well as suppressiveness against many soilborne
pant diseases (Cotxarrera et al., 2002; Hointink, 1986; Hoitink and
Boehm, 1999; Keener et al., 2000). Compost amendments therefore
maintain and enhance the fertility and productivity of agricultural soils
allowing sustainable land use.

Studies on the impact of compost on soil have mainly evaluated
physical and chemical factors, potentially involved in plant productivity
parameters. Evaluations performed both in pot and field experiments
showed that compost amendments not only improve soil structure and
act as a source of nutrients, but also strongly influence the soil micro-
flora (Crecchio et el., 2001). Moreover, the addition of high quality
composts may increase the soil microbial biomass and enhance micro-
bial activity and soil enzyme activity (Albiach et al., 2000; Debosz et
al). More interestingly, the effectiveness of composts in controlling
soilborne plant diseases caused by Pythium, Phytophthora, Rhizoctonia
or Fusarium spp. both in fields and in potting mixes in greenhouses is
now well known (Schonfeld et al., 2003, Hadar and Mandelbaum,

1992; Hoitink et al., 1991; Hointink and Fahy, 1986) . Suppressiveness
was often related to biotic rather than abiotic factors (Reuveni et al.,
2002; Garbeva et al., 2004). Abiotic includes physiochemical factors
such as nutrient levels, organic matter, moisture and pH. Biotic factors
on the other hand include microbial population in composts and/or soil,
microbial competition for nutrients with pathogens, antibiotic produc-
tion of lytic and other extra cellular enzymes, parasitism and predation
and induction of host systemic resistance. Since compost amendments
can cause a shift and modification of the microbial composition they
potentially enhance the competition and/or antagonism among mi-
crobes, which leads to decreased activity of plant pathogen (Hointink
and Boehm, 1999) . The aim of the present study was to have a better
insight into the relative effect of compost on disease development,

pathogen and microbial community for the development of fungistasis.
II. Materials and Methods

Inoculum Preparation

F. oxysporum £. sp. spinaciae (Fos) gf-1 isolate obtained from wilt-
ed spinach plant was used. It was maintained in Potato Dextrose Agar
(PDA) slant at 25°C . The isolate was incubated in an Erlenmeyer flask
containing 100 ml of Potato Sucrose Broth (PSB) for 14 days at 25C
on a rotary shaker. The fungal culture was passed through cheesecloth
and centrifuged at 3000x g for 20 min. The bud cells in the resulting
pellet were resuspended in sterile distilled water. Inoculum concentra-
tion was determined by counting cells ml ™" of suspension using a hae~

macytometer. Conidiospore was prepared using mycelial disks (5
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mm) of Fos cut from the edges of a 7-day-old culture. The disks were
transferred into PDA plates followed by incubation at 25°C for 7-14
days for conidial spore production. Conidia were then scraped from the
media and suspended in sterile distilled water. To remove myceliél
fragments and germinated conidia, the sporangium was filtered through
four layers of cheesecloth and washed twice by centrifugation at 5,000
tpm at 4C for 15 min. The concentration of conidia was adjusted to 2
X 10° conidia m1 ™ by adding distilled water. Preparation of Fos chla-
mydospore was conducted following the method by Smith and Snyder
(1971).

Suppressiveness of Compost to Fusarium Wilt Disease

The experiments were conducted in the greenhouse using a fresh
field soil (Andisols; 58.0 % sand, 35.2 % silt, 6.8% clay) obtained
from the Chiba University experimental field (Matsudo City, Chiba
Prefecture, Japan) . The assays were performed in soils amended with
different composts prepared from a variety of feedstocks and organic
materials such as: wheat bran (Wb), wheat bran and sawdust (WbSd),
coffee grounds (Cf), chicken manure (Cm), and crab shell powder
(Cs). A mixture of WbSd, Cf, and Cm at a ratio of 2:1:1 (w/w) with
or without 5% Cs (Mix + Cs and Mix) respectively) was also used.
Eight kilograms of conducive field soil was placed in a plastic contain-
ers (54 cm 34 em X 20 cm). Calcium carbonate (CaCOs) was add-
ed to the soil to adjust the soil pH to 6.5. The soils were inoculated with
the budding-cell suspension of Fos at a population density of 1 X 10°
cells g~ 'dry soil. Pathogen stabilization was given done by incubating
the inoculated soil in a stable condition for 30 days at 25T . Compost
was then added into the infested soil and was mixed thoroughly. Initial
compost added was at 5% (dry-wt basis), applied 30 days prior to
spinach seeding followed by an additional application of 2.5% after
two cultivation. Spinach (Spinacia oleracea cv. Parade) was seeded 30
days after compost amendment on the first cropping and 10 days after
each cropping from the second and third croppings. Disease severity
was evaluated at 30 days after seeding based on visual symptoms using
the index of 0-3; where 0, healthy and asymptomatic plant; 1, first two
leaves of the plant were cholorotic and wilted; 2, 2/3 of the total plant
was cholorotic and wilted; 3, more than 2/3 of the plant wilted or dead.
Disease severity was calculated according to the following formula:

Disease severity:

% (Disease index X corresponding number of plants) X (100/3)

X total number of plants.

Microbial Activity and Populations
Soil samples for the assessment of total microbial activity and mi-
crobial populations were taken from 8 locations at a distance of 3 to 4

cm from the plant stem in each container using a soil sampler (4 cm in

diameter, 8 cm in depth) . Samples from each container were pooled,
put into polyethylene bags and stored at 4°C until use. The samples
were mixed thoroughly prior to analysis. Total microbial activity was
evaluated by measuring hydrolysis of fluorescein diacetate (FDA)
(Sigma Chemical, Co., St. Louis, MO) as described by Schnurer and
Rosswall (1982). FDA hydrolyzed to fluorescein by proteases, lipases
and esterases. Each soil sample (5g) was put into a 50-ml Falcon Tube,
and then 15 ml of 60 mM sodium phosphate buffer (pH 7.6) and 0.2
ml of FDA from1000 pg/ml stock solution was added to initiate the re-
action. Each sample was replicated four times. For a blank, 0.2 ml ace-
tone instead of FDA was added. These mixtures were shaken on a rota-
ry shaker (1000 rpm) at room temperature for 20 min. Fifteen milliliter
of chloroform-methanol (2:1) was added to each sample to stop the re-
action. Soil in the mixtures was removed by filtration through a filter
(045 um, Millex®-GV). The amount of hydrolyzed FDA was deter-
mined by measuring the absorbance at 490 nm with a spectrophotome-
ter (BECKMAN DU®-65 Spectrophotometer).

Three microbial groups including total fungi, bacteria and actinomy-
cetes were enumerated to determine the effect of the different composts
and compost mixtures on soil microflora. Each soil sample (25 g) was
put into a sterile 500-ml Erlenmeyer flask, and suspended in 250 ml
distilled water sterile water to 1 X 10™* volume. Flasks were shaken on
a rotary shaker (100 rpm) for 30 min, and dilutions of the samples
were made before plating on semi selective agar media (fungi: Cza-
peck-Dox with Rose Bengal medium; actinomycetes: on soil extract
medium; bacteria: Thornton’s medium) . Plates were incubated at 25C
for 2-3 days. Counting of culturable fungi, bacteria and actinomycetes
was done by counting the number of colony grown in each plate and

expressed as CFU g—1 soil. Five replicate plates were used.

Extraction of DNA and PCR-DGGE Analysis

Soil samples were taken from all containers two months after com-
post amendment. Random samples (4-6 cores) from each container
were collected using a sampling tube. Pooled soil samples from each
plot were well mixed prior to analysis.

Total bacterial community DNA was extracted from 5 g soil sample
using the Fast DNA® SPIN Kit for Soil (Qbiogene, USA). The
amount of DNA and quality was assessed visually after electrophoresis
in 2% agarose gel by ethidium bromide staining. Total extracted soil
DNA at 100 pl dissolved with TE buffer was amplified in a PCR Ther-
mal Cycler MP (Takara, Japan) with the universal primer set for 168
tDNA: PRBA338f-GC and PRUNDG18r (Muyzer et. al., 1993 ). The
PCR reaction was conducted in 50 pl of the reaction mixture contain-
ing 2 pl of extracted DNA diluted at 1:250 as a template, 25 ul of Pre-
mix Tag, and 100 pmol of each primer. The reaction was programmed
at an initial 5 min denaturation at 94 C and was followed by 30 cycles
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of 1 minat 95 C, 1 min at 56 ‘C and 1 min at 72 C. Thermal cycling
was completed with an extension step at 72 C for 5 min. PCR prod-
ucts were electrophoresed on a 2% agarose gel in 1 X Tris-acetate
(TAE) buffer and stained with ethidium bromide.

DGGE was performed with the DCode System (Bio-Rad, USA).
Two microliter of PCR product was loaded on polyacrylamide gels
with a denaturing gradient of 40% (7% (w/v) acrylamide-bisacryl-
amide (375:1), 3.36M urea, 3.2% formamide) to 60% (7% (w/v)
acrylamide-bisacrylamide (37.5:1), 5.04M urea, 4.8% formamide)
with 1 X TAE and run for 4 h at 60°C and 150 V. After staining of the
gels with and ethidium bromide for 30 min, gels were scanned and ex-
amined then photograph under UV light.

Effect of Compost Amendment on Fos Spore Germination

Soil direct fungistasis of compost-amended soils was assayed by
measuring the suppression of spore germination. Three experiments
were carried out to determine the effect of compost amendment on the

germination of conidiospores or chlamydospores as follows:

Germination of conidiospores in soil extract
The extract was obtained from field soil amended with compost
(5% wiw) , incubated for 1, 2, 3, and 4 weeks by adding distilled wa-
ter to each soil (1:1 vAv). The soil-water mixtures were stirred thor-
oughly and allowed to stand for 4 hr. The supernatant was first filtered
through Filter paper (Toyo, No. 2) and then aseptically though a Milli-
pore membrane filter (0.2 um) . The extract was then pipetted into the
cavity glass slide. Twenty microliter of Fos spores (2 10° spores ml”~
') was added into the cavity containing the extract. The concavity slides
were then incubated in a petri-dish moist chamber for 12 hr at 25C and
examined under the light microscope at X 1000. Five replicate slides

were used for each treatment.

Germination of conidiospores on soil surface

Spore suspension (2 X 10° spores ml™") prepared as described pre-
viously was pipetted into a glass slide previously covered with Water
Agar (2%) and allowed to dry for 4 hr. Five water agar slide adhering
the Fos spores was then incubated up side down on the surface of the
soil amended with composts. Each slide constituted one treatment and
replicated five times. After 12 hr of incubation at 25°C spores were ex-
amined by staining with lactophenol acid fuchsine staining solution.

Germination of chlamydospores buried in soil

Fos chlamydospores (2 X 10° cells ml ") obtained as previously
mentioned were sealed in a cellulose tube (Wako Seamless Cellulose
Tubing) and were introduced into 500 g of compost-amended soil and
incubated at 25°C for 12 hr. For light microscopy examination on the

number of germinated chlamydospores in compost treated soil, the cel-
lulose tubes were covered from each soil and stained with lactophenol
cotton blue staining solution after opening the tube. The treatments
consisted of five replicates each.

Statistical Analysis

Statistical analyses of data were performed on Statistical Analysis
Systems Institute Inc. Ver. 4 ( 2000 ). The significant difference be-
tween biological properties of compost amended soils and disease se-
verity at the end of each bioassay was assessed with analysis of vari-
ance and means were separated by least significant difference (P =
0.05) using Tukey-Kramer test.

II. Results

Suppressiveness and Biological Properties
of Compost-Amended Soils

The severity of Fusarium wilt disease in spinach plants was not sup-
pressed on the first cropping. However, it was effectively suppressed
on the second and third croppings (Table 1). The most notably sup-
pressive composts were chicken manure compost, wheatbran and saw-
dust compost and mixture of different composts with and without 5%
crab shell powder, where the mixture of the different composts dis-
played to be the most suppressive and promoted plant growth (data not
shown) . Although there were no distinguishable differences among
compost treatments, the composts displayed a certain degree of disease
suppression that were distinguishable from that of the unamended soil.
Total microbial activity measured by the hydrolysis of FDA per unit
volume was higher in the compost-amended soils especially in the
mixture of different composts than in the unamended control soils from
the second cultivation onwards. Generally, higher number of culturable
fungi, bacteria and actinomycetes were observed in the compost-
amended soil compared to the unamended soil. Moreover, for most
compost treatments population of bacteria and fungi were enhanced
more than the number of actinomycetes. Populations of actinomycetes

did not increase much by any treatment.

Molecular Structure of Bacterial Communities in Compost
Amended Soil

To analyze the effect of the different composts and compost mixes
on the bacterial communities, high molecular mass of DNA was ex-
tracted from samples obtained from random sampling from each of the
soil amended with each compost treatment. Genetic fingerprinting by
PCR-DGGE of bacterial 16S rDNA amplified fragments of soil DNA
showed a complex DNA banding pattern, with some strong bands,

some of lower intensity and a number of faint bands. Compost amend-
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ments produced considerable shift or changes in bacterial community
structure as illustrated in Fig. 1. The appearance of the different and
complex bands in the amended soil compared to the unamended soil
indicates an alteration of the abundance of the bacterial groups. Visual
inspection of DGGE banding patterns revealed that at the start of the

experiment the community structure of bacterial populations was rep-

resented by a large number of resolved weak but still distinguishable
signals appearing from the smear in the background. This would indi-
cate that many equally abundant populations initially represented the
bacterial community. However an increasing diversity of banding pat-
tern was evidenced over time accompanied by the appearing of more

intense, dominant bands in compost amended soils, indicating a com-

Table 1. Disease severity, microbial activity and microbial population in compost amended soil

Compost  Cultivation" Disease Microbial Microbial population
severity” activity (Logio CFU ™ g soil) *
(hydf?b’_zfd Fungi Bacteria Actinomycetes
FDA "'g " dry
soil)

Unamended 1 98.6a 0.34a 5.5a 6.5a 5.8b
soil 2 98.5a 0.39b 57a 6.5a 6.0ab

31 99.6b 0.39b 7.6b 7.2b 6.5a
Wheatbran I 87.2a 0.48b 5.7a 6.6a 5.4a
(Wb) 2™ 65.3b 0.45b 5.6a 7.3a 5.8a

3% 56.8b 0.48b 6.4a 7.9a 6.5a
Wheatbran 1 85.1a 0.33b 5.9 6.2b 4.3b
&  sawdust 2 50.2b 0.42ab 6.7a 7.8a 6.0a
(WbSd) 3t 40.3bc 0.47a 7.9a 8.1a 6.4a
Coffee 1 90.3a 0.48ab 5.0a 6.3b 4.5a
grounds (Cf) 2™ 53.7b 0.50b 6.7a 7.7b 5.8a

31 40.3bc 0.58a 6.9a 8.0a 6.3a
Chicken I 86.1a 0.47ab 5.7ab 6.4b 5.6a
manure 2 50.5b 0.53a 6.4a 7.6a 6.0a
(Cm) 34 27.5¢ 0.57a 7.5a 8.0a 6.8a
Crabshell 1 88.7a 0.22a 5.3b 6.6ab 4.3b
(2.5%) 2™ 69.3b 0.39b 5.8b 7.9a 6.5a

31 53.7b 0.41a 7.4a 8.0a 6.7a
Mixture 1 88.8a 0.42a 5.4b 6.0a 4.6a
(WbSd + Cf 2m 35.2b 0.41a 6.8a 7.3a 5.5a
+Cm; 2:1:1) 34 28.8c¢ 0.49bc 7.6a 7.9a 5.9a
Mixture ~ + 1 86.5a 0.25b 64b  6.7ab 5.4a
5% crabshell 2 38.2b 0.46a 7.5a 8.0a 6.0a
powder 34 28.5¢ 0.50a 7.9a 7.9a 6.5a

'Cultivation was conducted three times; soil was amended with 5% (w/w) compost before the first cultivation and 2.5%

before the third cultivation.

“Average disease severity rating obtained after each cultivation evaluated on a scale of 0-3; where 0 = healthy and 3 plant

wilted or dead. Numbers followed by the same letter are not significantly different at P<0.05 by Tukey-Kramer's test.
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positional shift towards the dominance of bacterial populations after 2

months from compost application.

Effect of Compost Amendment on Fos Propagules

The results of the experiments revealed that the effect of soil extract
on spore germination was very minimal when the extract was obtained
at 1-2 weeks after compost amendment. Spore germination however
showed to have been suppressed when soil-compost water extract was
obtained 3 to 4 weeks after compost amendment (Fig. 2). On the other
hand, incubation of Fos spore on surface of compost-amended soil did
not affect much the propagule germination (Fig. 3). The effect was
very small in all compost treated soil. None of the soil-compost mixes
displayed strong suppressiveness all throughout the incubation. How-
ever, in an experiment using chlamydospores, germination was gener-
ally suppressed by the different composts except the crabshell powder
which had a minimal effect, when propagules were buried into the soil
(Fig. 4). The effect of compost on the germination of Fos chlamydo-
spore was less when they were introduced into the soil compost mix
immediately after compost application. The evident effect was ob-
served when the chlamydospores were introduced four weeks after
compost amendments. The germination of Fos chlamydospore was
strongly suppressed in the coffee compost, chicken manure compost

especially in the compost mixes with and without crabshell powder. In

Fig. 1

1 23 45 6 7 8

Dynamics of total bacterial populations in soils amended with
compost one month after compost amendment. DGGE fingerprints
of 168 rDNA sequences amplified with the primer pair 338{-GC
and PRUN518r from soil extracted community DNA. Lanel -
unamended control soil, lane 2 - wheatbran, lane 3 - wheatbran and
sawdust, lane 4 - coffee grounds c, lane 5 - chicken manure, lane 6
- crab shell powder, lane 7 - mixture of composts, lane 8 - mixture
of compost with 5% crab shell powder
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C.
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— ~——a—— Wheat bran and sawdust (WbSd)
X
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o
8
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Fig.2 Conidiospore germination of Fusarium oxysporum f. sp. spinaciae (Fos) in soil-compost water extracts after 12 hours of incubation. Water extract

was filter sterilized (0.2 pm). Values with the same letters are not significantly different (P = 0.05) according to Tukey-Kramer's test.
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S
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Fig.3 Conidiospore germination Fusarium oxysporum f. sp. spinaciae (Fos) on surface of compost amended soil. Fos conidia were incubated as described

in the materials and methods. Values with the same letters are not significantly different (P= 0.05) according to Tukey-Kramer's test.

100
—&— Unamended
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20 A -~ Mixture (WbSA-+CEFCm:2:1:1)
—fF— Mixture + 5% crabshell
0 1 1 1 ]

1 2 3 4

Weeks after compost amendment

Fig.4 Germination of Fusarium oxysporum f. sp. spinaciae (Fos) chlamydospore in compost amended soil. Values with the same letters are not
significantly different (P = 0.05) according to Tukey-Kramer’s test.
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all experiments, none of the compost amendments increased the propa-
gule numbers by enhancing germination of either spore or chlamydo-

spore of the pathogen.
IV. Discussion

This study shows that compost amendments suppressed Fusarium
wilt development when applied 5% (w/w) at 30 days before the first
cultivation and 2.5% after the second cultivation. The results we ob-
tained corroborates further with the report of Hoitink et al. (1997) that
the suppressiveness of composts increased when conmposts are incorpo-
rated in the field or into the soil several months before planting and
with composts of different compositions. Although disease suppression
was not evident during the first cultivation, disease severity in compost-
amended soils was lower and distinguishable from that of the un-
amended soil where microbial population and microbial activity was
higher. This trend was particularly apparent in the composts mixes.
This might be influenced by the diverse soil environment in which an
innumerable soil microorganisms exists, that naturally inhabited the
different organic materials and is attributed to increased disease sup-~
pression. Compost applications essentially enhance the population of
the soil microflora and increase microbial activity of the soils (Bailey
and Lazarovits, 2003). In our experiment, compost application in-
creased soil microbial activity and microbial populations particularly of
bacteria, fungi and actinomycetes. Among the microbial groups, bacte-
rial population was affected much more than the number of fungi and
actinomycetes and this was particularly pronounced in the compost
mixes. This suggests that lower disease severity apparent in the sup-
pressive composts is associated with the higher microbial population
and activity in the amended soils. One possible explanation for this dis-
ease suppression is through competition between various microbial
groups (fungi, bacteria and actinomycetes) and . oxysporum f. sp.
spinaciae. This was further documented by Nelson and Hointink
(1983), who postulated that an increase in competition and antagonism
among microbial populations and activity has been a mechanism of ac-
tion for disease suppression in compost amended soils. Suppression of
the disease by compost amendments mainly involved the highest mi-
crobial activity and microbial population.

All of the composts induced shifts in the bacterial community struc-
tures in the soil. Depending on the amended soil, these effects could be
followed by an increase in microbial population and/or activities with
corresponding decrease in disease severity. The bands in the DGGE
profiles represent the dominant microbial population (Muyzer et al.,
1993). The dominant bands showed by the DGGE banding patterns of
168 rDNA community profiles based on a general bacterial primer pair
revealed complex profiles indicate the relative abundance of highly di-

versified bacterial groups in each compost-treated soil. From the dis-
tinct changes of the DGGE profiles observed, we suggest that there are
several dominant groups of bacteria, which are relatively stable, inde-
pendent of treatments and was found pronounced in the suppressive
compost and compost mixes. The difference in the banding patterns
between amended and non-amended soils suggested that shifts induced
in the microbial community structures and microbial population were
due to the stimulation of the naturally inhabiting soil microflora. Evi-
dent stimulation and high diversity of the microbial population particu-
larly with the bacterial groups in the compost-amended soil was ob-
served but the type of compost did not seem to influence the
composition of the community. These results support the commonly
held view that the use of composts boosts agricultural soil biodiversity.
Moreover, it is known that the addition of different sources of organic
matter may greatly affect soil microbes, and may alter the natural com-
munity of antagonistic microorganisms thus providing a potentially af-
fective form of biological control of soilborne plant pathogens.

The observed suppression on the germination of Fos propagules in
compost-amended soils demonstrates a strong fungistatic capacity of
the soil. The suppressive effect of composts on propagule germination
was observed from the second week after compos amendment and
lasted for four weeks during the experiment. This displayed that spore
germination essential for infection to the host and subsequent outbreak
of the disease is kept under strong suppression in the compost amended
soil. Thus, the mechanism of the suppression was considered to be due
or in part to the improved soil fingistatic capacity and may be derived
from competition of nutrients among microorganisms and antagonism
by different groups of microbes. Therefore our studies demonstrate that
composts strongly influence soil biological properties. It increased soil
microbial population either through the stimulation of the soil micro-
flora, an input of the compost microflora or a combination of both,
leading to the activation of soil microbial activity. The activation of the
soil microflora by composts consequently resulted in the induction of
the diversification of the microbial population in the soil. It stimulates
the indigenous microbial population and consequently affects pathogen
development. This strong infiuence in microbial population and activity
might have elicited the strengthened fungistatic capacity of soils lead-
ing to the suppression of germination and growth of the pathogen prop-
agules essential for disease initiation and outbreak, which eventually

resulted in plant disease suppression.
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