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Abstract — A study was conducted in the subtropical area of Southern Brazil to determine the survival
of pathogens in soybean residues under conventional and no-tillage cultivation systems from March to
September of 1998 and 1999. The pathogens most frequently isolated were Colletotrichum truncatum,
Phomopsis spp., Cercospora kikuchii, Fusarium spp., Macrophomina phaseolina, and Rhizoctonia
solani. Other fungi isolated were Myrothecium roridum, Penicillium sp., Chaetomium sp., Epicoccum sp.,
Corynespora cassiicola and Trichoderma sp. The percent of survival of each pathogen varied accord-
ing to the month and the year. Survival of C. truncatum, Phomopsis spp. and C. kikuchii were signifi-
cantly reduced (p<0.05) from the first to the last evaluation either on buried debris or maintained on
the soil surface. On the other hand, M. phaseolina and Fusarium spp. were either not affected or fa-
vored by burying the debris. The frequency of recovery of Fusarium spp. increased specially in debris
kept under the soil. The loss of biomass, measured by debris weight along the period of this study,
showed a reduction of 44.4% in the conventional system and 34.9% in the no-tillage system in 1998,
when rain was better distributed. In 1999, the reduction was 48.2% and 39.0% for the conventional
and no-tillage system, respectively.

Index terms: cultivation, crop residues, degradation, biomass, plant diseases.

Sobrevivéncia de patogenos em restos de cultura de soja mantidos em sistema
de semeadura direta e convencional

Resumo — Avaliou-se a sobrevivéncia de patdgenos em restos de soja, em sistema de semeadura direta
e convencional, entre margo e setembro de 1998 e 1999, em Londrina, PR. Os patégenos mais
freqlientemente isolados foram Colletotrichum truncatum, Phomopsis spp., Cercospora kikuchi,
Fusarium spp., Macrophomina phaseolina ¢ Rhizoctonia solani. Outros fungos isolados foram
Myrothecium roridum, Penicillium sp., Chaetomium sp., Epicoccum sp., Corynespora cassiicola e
Trichoderma sp. A porcentagem de sobrevivéncia variou com o més € o ano. A sobrevivéncia de
C. truncatum, Phomopsis spp. e C. kikuchii foi significativamente reduzida (P<0,05) entre a primeira e
ultima avaliagdo nos residuos mantidos sobre ou sob o solo. M. phaseolina e Fusarium spp. ndo foram
afetados, ou foram favorecidos pelo enterro dos residuos. A freqiiéncia de isolamento de Fusarium spp.
aumentou em residuos enterrados no solo. A perda de biomassa mostrou reducdo de 44,4% no sistema
convencional ¢ 34,9% no sistema de semeadura direta, em 1998, quando a distribui¢do de chuvas foi
mais regular. Em 1999, a reducdo foi de 48,2% e 39,0% para os sistemas convencional e de semeadura
direta, respectivamente.

Termos para indexacdo: cultivo, residuos de colheita, degradagdo, biomassa, doengas das plantas.
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years, there was an increase in no-tillage system in
the country reaching a total of 9 million ha in 1998
(Saturnino, 1998). Unfortunately soybean residue left
on the soil surface decays slower than buried debris
increasing the survival of necrotrophic pathogens
(Roncadori et al., 1975; Cook et al., 1978; Rothrock
et al., 1985). Pathogens that remain alive in soybean
debris constitute the source of primary inoculum in
the field (Kmetz et al., 1979). According to Baird
et al. (1997), soybean debris from a no-till area har-
bors numerous pathogenic fungi that could increase
soybean diseases at the following season, thus re-
ducing yields.

Under Brazilian conditions, a previous study
(Almeida, 1980) reported that burying residues re-
duced survival of fungi such as Cercospora kikuchii,
Colletotrichum truncatum and Phomopsis sojae
while the soilborne pathogens Rhizoctonia solani,
Macrophomina phaseolina and Fusarium spp. in-
creased.

Results from Adee et al. (1997) showed that brown
stem rot was more severe in soybean plants under
no-tillage system. However, they also observed that
total inoculum during the fallow period decreased
due to the loss of biomass. Costamilan et al. (1999)
observed that it took 27 months to completely de-
grade the soybean residues in Southern Brazil. In a
different study, Saraiva & Torres (2000) compared
the effect of tillage and no-tillage systems on soy-
bean degradation and reported that mineralization
was faster under tillage with a reduction in biomass
0f65.8% and 60.9% for 1998 and 1999, respectively.

The effect of crop rotation on soil population of
Fusarium solani was evaluated by Rupe et al. (1997).
They concluded that averaged over all years, popu-
lation of F. solani was significantly lower when sor-
ghum or wheat were grown than with soybean or fes-
cue.

The effects of conservation tillage on soybean dis-
eases are not fully understood. In Brazil very few
studies have been conducted to determine the ben-
efits or problems associated with crop residues re-
maining on the soil surface particularly in regard to
disease outbreaks. It is generally believed that
no-tillage will increase the potential for diseases by
allowing the residues to remain on the soil surface
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allowing greater pathogen survival from one crop-
ping season to the next.

The objective of this study was to evaluate the
survival of pathogens on soybean debris kept on and
in the soil, from harvesting till the next sowing time.

Material and Methods

The study was conducted in plots in Londrina, PR,
Brazil, that had been under either continuous tillage or
no-tillage for 16 years. The climate in this region is de-
fined as Cfa according to Koppen (1918), cited by Strahler
(1975). The soil type was an Oxisol (Latossolo Roxo
distréfico), Haplorthox (American Soil Taxonomy), with
67% clay, 17% silt, and 16% sand in the Ap horizon.

Immediately after harvesting, soybean
cv. EMBRAPA 37 residues were separated in pods, peti-
oles, stems and roots. One hundred grams of each part
were placed inside polypropylene mesh bags (mesh size
4 mm?). Petioles and stems were placed in the same bag.
Bags of each tissue type were either buried at 10 cm depth
or kept on the soil. At harvest and then at one month inter-
vals, 5 g of each bag was collected and washed under run-
ning water. Fragments around 0.5 cm long were cut,
disinfested in 95% ethanol for 30 sec, transferred to 0.6%
sodium hypochloride solution for 1 min, washed in sterile
water and then transferred to plates containing PDA and
streptomycin sulphate (10 mg/L) to avoid bacterial con-
tamination. For each sample, seven plates with
three fragments each were used. Plates were incubated at
26°C for eight days and the number and type of each fun-
gus was recorded. Results were recorded on a percentage
basis for each fungus species based on the total number of
isolates in all seven plates as 100%. Unidentified fungi
were considered in the total number of isolates. Fusarium
isolates were subcultured on PDA for later identification.

This study was conducted during the fallow seasons of
1998 and 1999. A completely randomized design was used,
considering two evaluation times (March and September),
two tillage systems (conventional and no-tillage), and three
types of debris (pods, stem and roots) with a total of
12 treatments. Each treatment was replicated seven times
and each plate with three fragments was considered one
replication. Duncan’s multiple range test was used to com-
pare percentage of fungi survival of the first and last evalu-
ation.

In another experiment the rate of soybean residue mass
loss under conventional and no-tillage systems was evalu-
ated. Immediately after harvesting, soybean debris, mostly
stems and pods were collected, cut into 5 cm pieces, dried
at 70°C until constant weight and placed in polypropylene
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mesh bags (mesh 1 mm?2). Bags containing 12 g of soy-
bean debris were either buried at 15-20 cm or kept on the
soil surface after the establishment of the winter crop
(wheat). Bags were collected after 0, 1, 2, 4, 8 and
16 weeks. Debris were washed, dried and weighted. The
experimental design was a randomized complete block with
two treatments (conventional and no-tillage) with four rep-
lications per treatment. Meteorological data were provided
by an automatic weather station (Campbell Sci., Inc., Lo-
gan, UT, USA).

Results and Discussion

Pathogens most frequently isolated from soybean
debris were Colletotrichum truncatum, Phomopsis
sojae, Cercospora kikuchii, Fusarium spp.,
Macrophomina phaseolina, and Rhizoctonia solani.
They accounted for 70% of the total isolates obtained
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in all evaluations. From all the isolates of
Fusarium spp.76% were identified as F. solani,
10.9% as F. moniliform,2.2% as F. equiseti,2.2% as
F. dimerum and 8.7% as F. oxysporum. Other fungi
isolated were Myrothecium roridum, Penicillium sp.,
Chaetomiun sp., Epicoccum sp., Corynespora
cassiicola and Trichoderma sp.

The percentage of survival of each pathogen based
on the frequencies of isolation varied according to
the month and the year (Figures 1 and 2). But, ex-
cept for Fusarium spp., no consistent trends were
observed. In 1998 the frequency of pathogens iso-
lated from debris immediately after harvesting was
higher than in 1999. Analysis of variance showed that
the frequencies of survival of C. truncatum, P. sojae
and C. kikuchii were significantly (p<0.05) reduced
between the first and the last evaluation either on
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Figure 1. Percentage of incidence of Colletotrichum truncatum (Ct), Fusarium spp. (F),
Cercospora kikuchii (Ck), Macrophomina phaseolina (Mp), Phomopsis sp. (Ph), Rhizoc-
tonia solani (Rs), in soybean debris, on the soil and buried, during 1998.
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buried debris or in debris maintained on the soil sur-
face for both years (Table 1). However, average sur-
vival was much more reduced in buried tissues
than in tissue on the soil surface. Recovery of
M. phaseolina was reduced with time in buried in-
fected pods. However, buried stems and roots showed
an increase in recovery of R. solani that was occa-
sionally isolated in both years (Table 1). The recov-
ery frequency of Fusarium spp. increased in buried
debris. However, during dry periods the incidence
of pathogens in all kinds of fragments was reduced
either in debris on the soil surface or in buried debris
(Table 1). Meteorological data for the period of April
through September in 1998 and 1999 are shown in
Figure 3. In 1998, the total amount of rain for the
period of this study was higher than in 1999. Dry
periods occurred in June 1998 and August 1999. Also,
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the average temperatures were lower in 1999 than
in 1998.

The loss of biomass, measured through the weight
of debris along the period of this study showed that
soybean debris were reduced 44.4% in the conven-
tional system and 34.9% in the no-tillage system in
1998, when rain was better distributed during the
period of observation (Figure 4). In 1999 the reduc-
tion was 48.2% and 39.0% for the conventional and
no-tillage system, respectively. These data show that
biomass loss in 1999 was faster at the beginning of
the observation period due to accumulation of rain
in the period (Figure 4). On the other hand, the bio-
mass loss from the 8™ and the 16t observation was
smaller due to the lack of rain.

Results obtained in this work showed that the sur-
vival of the pathogens in both years was associated
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Figure 2. Percentage of incidence of Colletotrichum truncatum (Ct), Fusarium spp. (F),
Cercospora kikuchii (CKk), Macrophomina phaseolina (Mp), Phomopsis sp. (Ph), Rhizocto-
nia solani (Rs), in soybean debris, on the soil and buried, during 1999.
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to the type of tissue used for evaluation as well as to
the placement of the debris. Recovery of C. truncatum
was higher from pods than from stems. In contrast,
Phomopsis spp. was higher from stems than from
pods. C. kikuchii was only isolated from pods. In
terms of survival, all three fungi showed a decrease
in survival during the period of evaluation. However,
this decrease in survival was greater when the debris
were buried. C. kikuchii was always isolated at the
lowest percentage probably due to its low develop-
ment in relation to other fungi which exhibit a faster
mycelial growth. Moreover, it was not possible to
recover it after the third month. Similar to the results
of Baird et al. (1997), recovery of C. kikuchii was
more frequent from pods than from stems.

On the other hand, Fusarium spp. and
M. phaseolina showed an increase in survival when
infected tissue was buried. Unlike airborne patho-
gens, soilborne pathogens took advantage of the or-
ganic matter incorporated into the soil for survival

(Pearson et al., 1984). This fact was mentioned by
Boosalis & Sharen (1959) who determined that
R. solani survives primarily in colonized plant de-
bris. The low frequency of Rhizoctonia sp. isolated
from soybean debris in both years is in accordance
with its low incidence in the field. However, Machado
& Gaudéncio (1993) detected at Campo Mourdo
County high incidence (38.8%) of R. solani in soy-
bean debris from a field previously cultivated with
Lupinus albus, a crop used during the winter. Baird
& Carling (1998) also mentioned that this fungus was
isolated exclusively from secondary roots in one year
but was isolated from tap and secondary roots in an-
other year. In this study, only middle tap roots were
used, which may explain the low rate of R. solani
isolation.

In relation to M. phaseolina, Wrather et al. (1998)
observed that soil population densities were signifi-
cantly greater in no-tillage than in either disk tillage
or moldboard plowed plots. In this work, it was ob-

Table 1. Percent survival of pathogens isolated in soybean residues, on the soil surface or buried in the soil, immedi-

ately after harvesting and six months later®.

Residue  Positionin Date Pathogens®®
relation to soil ct = Ck Mp Ph Rs
1998

Pod On 3/17 16.22a 13.33a 2.55a 4.22b 12.48a 0.00
On 9/26 7.11b 5.38b 0.00b 2.22¢ 8.11b 0.00
In 9/26 4.88c 11.87a 0.00b 7.55a 5.00b 0.00

Stem On 3/17 13.61a 11.11a 0.00 4.77a 19.44a 0.00
On 9/26 8.05b 8.97b 0.00 3.33b 8.11b 0.00
In 9/26 4.72¢ 9.78b 0.00 7.44a 6.50c 1.11

Root On 3/17 0.17a 9.76a 0.00 52.17b 6.70a 0.00
On 9/26 0.00a 5.56b 0.00 51.33b 3.83b 0.67
In 9/26 0.00a 8.11a 0.00 58.00a 2.78b 0.00

1999

Pod On 3/27 12.61a 10.50a 2.00a 6.00b 8.78a 0.00
On 9/27 5.32b 8.22a 0.00b 6.83b 5.33b 0.00
In 9/27 2.78c 9.22a 0.00b 1157a 4.78c 0.00

Stem On 3/27 9.83a 4.17b 0.00 4.00b 14.50a 0.00
On 9/27 6.53b 4.72b 0.00 5.17b 9.17b 0.00
In 9/27 4.43c 9.34a 0.00 8.22a 5.61c 0.00

Root On 3/27 0.00 9.3%b 0.00 37.78b 6.70a 0.00
On 9/27 0.00 8.81b 0.00 47.50a 3.50b 0.00
In 9/27 0.00 12.22a 0.00 46.67a 3.70b 0.00

(DMean percentage based on the total number of fragments analyzed in each type of sample residue; means followed by the same letter are not different at
5% level of probability by Duncan test. @Ct: Colletotrichum truncatum; F: Fusarium sp.; Ck: Cercospora kikuchii; Mp: Macrophomina phaseolina;

Ph: Phomopsis sp.; Rs: Rhizoctonia solani.
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served that M. phaseolina recovery increased on
buried fragments of stems and roots, suggesting that
this fungus continues to grow on debris. This may be
an important role in the epidemiology of this fungus
and is in agreement with the report of Short et al.
(1980) who observed that populations of viable scle-
rotia in pieces of soybean residues were as great or
greater than the initial infestation levels showing an
ability to survive and grow on crop residues. Simi-
larly, Adee et al. (1997) observed that brown stem
rot caused by Phialophora gregata was more severe
in no-till cropping systems due to the longer survival
of P. gregata on residue positioned on the soil sur-
face (no till) than in buried residue (simulated con-
ventional tillage).

In 1998, the survival of pathogens was higher than
in 1999. This may have occurred because the initial
amount of inoculum was higher in 1998 than in 1999,
due to favorable environmental conditions.
In addition, pathogen survival in 1999 may have been
reduced due to a dry period between March and Sep-
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tember that did not occur in 1998. For instance, the
frequency of Fusarium spp. isolation was always less
during dry months.

These data show that under Brazilian conditions
where continuous soybean cropping is largely used
by farmers in a no-tillage system, there could be a
significant enhancement in disease levels due to the
increased survival of aerial soybean pathogens. Ac-
cording to Garzonio & McGee (1983), the presence
of soybean crop residue in the field induced more
pod and stem blight infection, mainly on the con-
tinuous-soybean. Moreover, several researchers have
demonstrated that soybean debris also harbors wheat
and maize pathogens such as Fusarium graminearum,
Gibberella zeae, Cochliobolus sativus and
Leptosphaeria nodorum (Fernandez &
Fernandes, 1990; Baird et al., 1997).

On the other hand, soilborne pathogens were not
affected as severely as the airborne pathogens. Some-
times the reduction in survival was not sufficient to
have a great influence on disease occurrence. Spe-
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Figure 3. Averages of the first (D)), second (D,) and third (D,) ten-day monthly period of meteorological data

from March through September of 1998 and 1999.
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cies of fungi known to cause diseases on soybean
were still isolated six months after harvesting and
two months before the soil preparation and sowing.
This may provide inoculum that contributes to dis-
eases development.

Residue decay and mineralization was faster in
buried residues than in those on the surface due to
better soil-residue contact. This was observed in the
biomass reduction in the buried debris. However, the
effect on pathogen survival depends on the specific
microorganism. Airborne pathogens were severely
affected by burying while soilborne pathogens
were not.

From the results of this work it is possible to con-
clude that an adequate management system must be
used by the farmers involving no-tillage system, crop
rotation, resistant cultivars and seed treatment which
controls seedborne pathogens, improves emergence
and reduces post emergence diseases.

Although crop residues have been linked to dis-
eases development, it is necessary to consider other
parameters involved in the epidemiology.
As mentioned by Fernandez et al. (1998) for residue-
borne pathogens, the amount of crop residues is not
a good predictor of disease development. Factors such
as the age of residues, amount and layering of resi-
dues, herbicide treatment and environmental condi-
tions during and between growing seasons will de-
termine the importance of residues as sources of in-
oculum for the next season.

The most important strategy to manage diseases
under no-tillage is to plan in advance and use a reli-

able crop for rotation which helps to restrict patho-
gen development, to breake the disease cycle and to
lower the amount of the pathogen in the field. Re-
sults of Machado & Gaudéncio (1993) and these re-
sults demonstrate that the amount of inoculum that
overwinters on the soil surface is controlled through
crop rotation.

Conclusions

1. Soybean pathogens that infect aerial plant parts
survive less well when debris is buried as in the con-
ventional system.

2. Soilborne pathogens such as Macrophomina
phaseolina and Fusarium spp. survive and grow bet-
ter in buried debris.

3. Soybean residues ensure survival of pathogens
and provide most of the primary inoculum for some
diseases.

4. Biomass decay is faster under conventional till-
age system than under the no-tillage system.
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