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Abstract—Beans (Phaseolus vulgaris) are one of the most important crops in human food, but the occurrence of
disease can greatly reduce their productivity. The objective of this work was to evaluate the use of biotic and
abiotic products to control angular spot (Pseudocercosporagriseola) in bean crop. Hight Roots® treatments;
V6®; Wert Plus®, potassium phosphite; manganese phosphite; Copper phosphite, manganese, fungicide (fentin
hydroxide), Ascophyllum nodosum, Bacillus subtilis and Bacillus thuringiensis, acibenzolar-S-methylic (ASM)
and Trichoderma asperallum were used in greenhouse and field experiments with IPR Uirapuru cultivar. Biotic
to abiotic products controlled angular leaf spot in bean plants. In greenhouse, the lowest values of Area Under
the Disease Progress Curve (AUDPC) were obtained with fungicide application, A. nodosum, T. asperellum and
copper phosphite, B. subtillis, acibenzolar-S-methyl, potassium phosphite, Hight Roots®, V6® and Wert Plus®. In
field, in the first sowing season the treatments with fungicide, A. nodosum, B. thuringiensis and manganese
resulted in lower AUDPC in relation to the other products. In the second sowing season, the tested products did
not reduce the severity of the angular spot, since the productivity was higher for fungicide treatment. In the
health quality of seeds, potentially pathogenic fungi such as Fusarium sp., Colletotrichum truncatum and
Phomopsis sp., as well as the saprophytic fungus Aspergillus sp.

Keywords— Ascophyllum nodosum, Bacillus spp., phosphite, Phaseolus vulgaris, Pseudocercosporagriseola,

Trichoderma spp.

I. INTRODUCTION
The bean (Phaseolus vulgaris L.) is a plant originating
from Latin America, grown mainly in tropical and
subtropical regions of the globe. This culture is of great
importance to Brazil, involving aspects ranging from
cultural habit to food security issues. Beans are considered
a healthy food, their consumption is a widespread habit in
Brazilian society, configuring itself as an important item of
the food basket [1].
Factors limiting bean crop productivity include soil
correction,  fertilization, plant architecture, weed
competition, pest occurrence, especially disease
occurrence. [4]. The climatic characteristics of Parana state
favor the occurrence of diseases that cause damage to
farmers, such as the angular spot
[Pseudocercosporagriseola (Sacc.)], plant shoot pathogen
which is a major bean crop disease [3,5].
Typical symptoms of angular leaf spot can be observed in
the leaves, stems and pods of plants. In the leaves, lesions
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appear as angle-delimited patches of grayish brown
coloration, surrounded by a yellowish halo delimited by
the ribs. The fungus produces dark sycamons and
conidiophores on lesions and when many lesions are
present, they may coalesce causing necrosis and premature
defoliation. [2].

The control of angular leaf spot can be accomplished with
the use of resistant cultivars, integration of cultural
practices, such as the use of good quality seeds. However,
the most used method is chemical control, with the
application of fungicides [6,2].

The development of new technologies to reduce
production costs and increase the spectrum of disease
control components is a strategy for Brazilian agricultural
production.Thus, studies of alternatives for disease control,
which go beyond classical chemical control, are of utmost
importance [7,8].

Seeking a lower environmental impact and selection
pressure of microorganisms, biological control has been
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pointed as a method to minimize the use of pesticides and
promote crop protection, such as Trichoderma
fungi,bacteria of the genus Bacillus, the algae Ascophyllum
nodosum, among others[9,11,12]. In addition to biotic
products, there are abiotic formulations used for plant
disease control, such as acibenzolar-S-methyl (ASM),
balanced plant nutrition with micronutrients and
phosphites[10,13].

The objective of this work was to evaluate different biotic
and abiotic treatments in the control of angular leaf spot in
bean plants in greenhouse and field, as well as to evaluate
the health quality of seeds from the field.

Il. MATERIAL AND METHODS
The experiments were conducted in a greenhouse and field
belonging to the Ponta Grossa State University
(UEPG)/Brazil. In greenhouse, three seeds of the IPR
Uirapurucultivar, black bean variety, with an average cycle
of 86 days, susceptible to angular leaf spot, were sown in
plastic pots (3.0 L capacity) with vegetable substrate (pine,
eucalyptus bark and ash). Two repetitions of this
experiment were performed.
The treatments used were: High Roots® (N 18%; K0
6%), V6® (Mn 2.5%; Zn 1.9%; Mo 0.16%), Wert Plus®
(Cu 4%; Mn 6%; Zn 3.9%), potassium phosphite (P-Os
26%; KO 19%), manganese phosphite (P.Os 36%; Mn
7.0%), copper phosphite (N 11%; P»Os 22%; S 1.76%; Cu
49%), Manganese (Mn 10%; S 5.48%), fungicide (Mertin® -
phentin hydroxide, 40 m/m i.a), the algaeAscophyllum
nodosum (Acadian® - K,O 5.3%; total organic carbon
6.0%), Bacillus subtilis (Serenade® - 13.68 g L™, 1.34% - 1
x 10° CFU g™, Bacillus thuringiensis (Dipel® - 32 g Kg?,
3.2% - 25 hbillion viable sporesg?l), Trichoderma
asperellum(Quality® - isolted SF 1.0 x 10 UFC g%,
acibenzolar-S-methyl — 50 m/m i.a (Bion®) and control
(distilled water). Products were sprayed when the bean
plants were in the vegetative stage V3 (first developed
trifoliate).
The inoculation of P. griseola pathogen was performed by
spraying conidia suspension, produced in tomato culture
medium [14], three days after the application of treatments
throughout the plant. After inoculation, the plants were
kept in a humid chamber with moistened transparent
plastic bags at room temperature for 48h[15].
Disease severity assessments began with the onset of
symptoms, and cotyledonary leaves were evaluated up to
the third trifoliate of each plant, with a two-day interval at
each evaluation, using a diagrammatic scale [16], totaling
10 evaluations. From the severity data the area under the
disease progress curve (AUDPC) was calculated[17].

www.ijaers.com

The experimental design was completely randomized, with
fourteen treatments and ten replications, where each pot
with three plants was considered a repetition.

The field experiment was conducted at the Capédo da Onca
Experimental Farm, which belongs to the Ponta Grossa
State University (25°5'49”south latitude, 50°3'11” east
longitude and 1,025 m altitude) in the municipality of
Ponta Grossa-PR/Brazil. The predominant climate
according to Koppen is Cfb type, with cool summers and
frequent frosts during winter, with no defined dry season.
Maximum and minimum temperatures are 22 and 13°C,
annual average precipitation from 1,600 to 1,800 mm [18].
Field evaluation for angular spot control was carried out in
two sowing seasons, first season occurred on November 4,
2015 and second season on December 21, 2015, with the
IPR Uirapurucultivar. The experimental design was
randomized blocks with 12 treatments and 4 replications.
Crop sowing was performed in direct sowing system in the
straw, with row spacing of 0.45 m and population of 15
plants m™. The treatments used were the same as those
used in the greenhouse, except for the Trichoderma
asperellum treatment which was not used under field
conditions.

The first crop applications were made at 15 days after
emergence (DAE) (stage V3), 32 DAE (R6 - first flower)
and at 47 DAE (R7 - pod formation). In the second season,
applications were made at 15 DAE (V4), 29 DAE (R6) and
47 DAE (R7). Five angular leaf spot severity assessments
were performed, estimating the percentage of leaf tissue
attacked,with the aid of diagrammatic [16] and after was
calculated AUDPC[17].

At the end of the crop cycle, data were collected on yield
components plants per meter, pods per plant, grains per
pod. Plants were harvested from a useful area of 8.0 m?,
The first crop was harvested at 93 DAE and the second at
96 DAE.

The seeds harvested in the field were submitted to the
Blotter pathology test method [19]. 200 seeds were used
from each treatment, divided into eight repetitions of 25
seeds. The seeds were individually placed on two sterilized
blotting paper sheets moistened with sterile distilled water
inside the gerbox. The gerbox seeds were incubated in a
BOD chamber at 24 + 2°C for seven days under 12 hours
of light and 12 hours of darkness. The evaluation was
performed after seven days of incubation, individually
examining all seeds.Fungi were identified at the gender
level, based on their morphological characteristics [20],
the incidence being expressed as a percentage.

For analysis the pathogen incidence data in the seeds were
transformed into arc sen ¥ (x + 0.5) / 100. All data were
subjected to analysis of variance by the F test and means
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compared by the Scott-Knott test at 5% significance, using
the statistical software R version 2.13.2.

I1l.  RESULTS AND DISCUSSION
The severity of angular leaf spot in a greenhouse was low,
only 14 days after pathogen inoculation, it was possible to
observe symptoms in the first experiment and 18 days after
inoculation in the second experiment.
In the first experiment, symptoms were initially observed
in cotyledonary leaves and later in the first trifolium
(Table 1). The values observed in the 1%trifolium were
lower than the values observed in the cotyledon leaf,
however higher than the 2" and 3"trifolium, indicating
that treatments reduced the disease development in some
way (Table 1).
In the first trifolium the treatments with lower values of
AUDPC were the biological treatments with A. nodosum,
B. subtillis and T. asperellum, the ASM inducer and
copper and potassium phosphites. The other treatments did
not differ statistically from the control, except Wert Plus®
and manganese phosphite, which presented higher values
in severity. In the second trifolium no statistical difference
was observed between the treatments, while in the third
trifolium the B. subtillis treatments, and the nutrients Hight
Roots®, V6® and Wert Plus®, were the only treatments that
did not differ statistically from the control.
An alternative to control plant diseases is the use of algae
and among them stands out A. nodosum [21]. Seaweed
polysaccharides have been shown to be potential resistance
inducers in plants [22]. Borsato, Di Piero and Stadnik [23]
evaluated the ability of ulvana algae to induce resistance in
three bean cultivars against Uromycesappendiculatus
(Pers) Unger., Causal agent of rust. Polysaccharide
spraying did not affect the number of rust pustules/cm?,
but promoted an average reduction of 23.8% in rust
diameter in bean plants.
Among the biological agents in disease control, we
highlight the fungi of the genus Trichoderma. De Meyer et
al. [24] applied T. harzianum T30 conidia seven days
before the inoculation of Botrytis cinerea (De Bary)
Whetzel on beans and observed significant reductions in
disease. The authors reported a 35% reduction in disease
severity and, as they did not find leaf fungus, the authors
attributed the decrease in disease symptoms to antagonist-
activated resistance induction.
Phosphites may act in a fungistatic manner in addition to
fungitoxic. In bean culture, Gadaga et al. [13] evaluated
the effect of different phosphite formulations on plant
protection against anthracnose. The authors observed
lower AUDPC in plants that received applications of K
and Mn phosphites compared to control, being the K, Zn

www.ijaers.com

and K phosphites + salicylic acid also effective in
controlling the disease.

In an experiment conducted in a greenhouse, Gontijo Neto
et al. [6] observed that bean plants treated with ASM had
23% lower severity than treatment where there was no
control of angular leaf spot. Plants that were sprayed with
fungicide (methyl thiophanate + epoxiconazole +
piraclostrobin) achieved a 40.84% reduction in disease
progress.

In the second experiment (Table 2), disease development
was slower (18 days after inoculation), which justifies zero
values in some tests for cotyledon leaf evaluation, since it
is introduced in senescence before disease. Symptoms in
the 1%, 2" and 3"trifolium were more expressive when
compared to experiment 1 (Table 1).

The control showed greater severity of the disease in all
trifoliums (Table 2), presented higher values, but did not
differ statistically from treatment B. subtillis and copper
phosphite in the 2nd trifolium. It is no longer the third
trifolium,in addition to the controls mentioned,manganese
treated plants with higher disease severity.

In the first trifolium (Table 2) the lowest AUDPC
values were observed in the procedures with fungicide and
potassium phosphate.Already in the 2"trifolium, there was
a reduction of the disease in all cases with the lowest value
of AUDPC: fungicide, A. nodosum, B. thuringiensis, T.
asperellum, ASM, manganese and potassium phosphate, in
addition to the nutrients Hight Roots® and Wert Plus®. The
other controls did not differ statistically from the witness.
In the 3"trifolium all treatments showed a reduction in
AUDPC, except B. subtillis, copper phosphite and
manganese nutrient, which did not differ statistically from
the control.

Most pathogenic fungi invade the apoplast releasing
pectolytic enzymes that dissolve the leaf's middle lamella
[25]. The activity of these enzymes is extremely inhibited
by calcium, also present in Hight Roots® fertilizer, which
strengthens the plant cell wall, explaining a negative
correlation between calcium content and disease
severity [26].

Potassium phosphite treatment also showed significant
disease control in all trifolium. Potassium is the only
macronutrient that presents consistent positive results in
reducing the incidence of disease, as its deficiency causes
accumulation of soluble amino acids, which are pathogen
nutrients.[26].

Regarding the field experiments, at the time of the first
application of the products, the presence of angular stain
symptoms had not yet been found. Anthracnose
(Colletotrichum lindemuthianum (Sacc. &Magn. Lams.
Scrib) was the disease that occurred first and most severely
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in both experiments sowing seasons. Negative correlation
between anthracnose and angular leaf spot was observed in
plants where high anthracnose rates were observed, low
angular spot rates were found and vice versa, possibly due
to competition for feeding site [13].
The first symptoms of angular leaf spot were observed
only in the last two evaluations in the first season, at 51
DAE and 59 DAE; and in the second sowing season in the
last three assessments, at 45, 55 and 64 DAE (Table 3).
In the first sowing season all treatments presented lower
AUDPC compared to control (Table 3). Treatments with
better disease control were chemical control with
fungicide, biological controls with algae A. nodosum,
bacterium B. thuringiensis and fertilizer V6®. The other
treatments did not differ statistically among themselves.
The use of seaweed has been an ecologically sustainable
alternative in the control of plant diseases. Several studies
have pointed out the potential use of algal extracts, such as
A. nodosum, to increase plant development, sometimes
with consequent increases in yield, also increased
tolerance of plants to biotic and abiotic stresses. [21, 28].
Due to the growing search for control alternatives to
phytopathogens, the biological method has been gaining
large space and bringing positive results. Species of the
genus Bacillus are considered potential biocontrol agents
of leaf and soil pathogens [28]. These bacteria produce a
wide range of bioactive lipopeptides, compounds that
suppress plant pathogens through the mechanism of
antibiosis.[29].
Another treatment with lower angular leaf spot severity
was V6® leaf fertilizer (Table 3). This treatment consists of
manganese (2.5%), zinc (1.9%) and molybdenum (0.16%).
The effects of mineral nutrition on crop growth and
productivity have been reported and can act by altering
plant resistance against disease. [30].
The nutrient molybdenum can also indirectly contribute to
disease prevention, as it participates in the activation of the
enzymes nitrate reductase and nitrogenase, which are key
to higher plant nitrogen metabolism [25]. Zinc is one of
the main micronutrients of plant nutrition, as it participates
in various metabolic processes, as well as contributing to
decrease or intensify the incidence of some diseases. [31].
Also as an alternative to chemical control of diseases,
there is the use of phosphites. These can act directly or
indirectly on the pathogen, inducing systemic resistance in
plant by the synthesis of phytoalexins, phenolic
compounds and PR-proteins  (pathogenesis-related
proteins)[32].
At the end of the culture cycle yield components were
evaluated. In the first sowing season there was a statistical
difference for the number of pods per plant and number of
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beans per pod variables. There was no significant
difference between treatments for plants per meter and
productivity variables (Table 4).

In the second sowing season the fungicide, B. subtillis,

copper phosphite and Wert Plus® treatments presented
lower number of plants per meter. The other treatments did
not differ statistically among themselves. For number of
pods per plant, the only treatments that differed
statistically from the control were A. nodosum, B. subtillis
and manganese phosphite. For the variable grain per pod,
treatments that did not differ from the control were A.
nodosum, B. subtillis and manganese (Table 4).
According to Kuhn &Pascholati [33] a variety of situations
can occur while developing a plant along with the
resistance induction process. One of the changes can be
mainly due to the variation in plant growth conditions. Due
to this, productivity shows dependence on the inducer
dose, nutritional condition and biological interaction to
which they are subjected.

In the harvested seeds evaluation, in both sowing
seasons, there was incidence of pathogenic and
saprophytic fungi (Table 5). Seeds are the most efficient
spreading agent of pathogens and aid their survival [34].
The distribution of infected seeds is random and provides
primary outbreaks of field infection in the early phase of
the crop [35].

In the first sowing season, the potentially pathogenic
organisms found in the pathology test [19] were Fusarium
sp. and Colletotrichum truncatum (Table 5). Fusarium sp.
had higher incidence in the control, in the treatment A.
nodosun and B. subtillis, potassium phosphite and High
Roots® fertilizer. The treatments with the lowest incidence
of the pathogen were ASM inducer and V6® and Wert
Plus® leaf fertilizers. The other pathogen detected in the
present work was Colletotrichum truncatum. The highest
incidence was found in fungicide treatments, biological
control with A. nodosun, B. thuringiensis, ASM inducer,
copper phosphite and Wert Plus® nutrient (Table 6).

In the second sowing season there was an incidence of the
pathogens Fusarium sp., Phomopsis sp. and Aspergillus
sp. (Table 6). The treatments B. thuringiensis, ASM,
manganese phosphite, Hight Roots®, V6® and Wert
Plus® presented lower incidence of Fusarium sp. in
relation to the other treatments. For the incidence of
Aspergillus and Phomopsis there was no statistical
difference between treatments.

The genus Fusarium sp. may cause bean crop to wilt or
yellowing of fusarium caused by the speciesFusarium
oxysporum(Schlecht.) f. sp. phaseoli (Kendrick & Snyder).
This pathogen occurs in virtually all producing regions of
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Brazil, its importance has increased mainly in intensive
cultivation of the same crop in the same area [36].
Colletotrichum truncatum causes bean disease called bean
scab, with damage that can reach 100% of the crop [37].

Trade and use of saved seeds is a reality in
developing countries. In this system, over 80% of farmers
are involved in the selection, production, dissemination,
sales, exchanges or donations that occur in the local
community [38]. In Brazil, bean farmers usually use part
of the grain produced as seeds in later crops [39].

IV. CONCLUSION
Biotic to abiotic products controlled angular leaf spot in
bean plants.

In greenhouse, the lowest AUDPC values were
obtained with fungicide (fentin hydroxide), A. nodosum, T.
asperellum and copper phosphite, B. subtillis, acibenzolar-
S-methyl, potassium phosphite, Hight Roots®, V6® and
Wert Plus® treatments.

In field, in the first sowing season the application of
fungicide, A. nodosum, B. thuringiensis and manganese
resulted in smaller AUDPC. In the second sowing season,
the tested products did not reduce the severity of the
angular spot, since the yield was higher when applied
fungicide.

There was an incidence of potentially pathogenic fungi
such as Fusarium sp., C. truncatum and Phomopsis sp. and
the saprophytic fungus Aspergillus sp.
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Table 1 - Area under the disease progress curve (AUDPC) of Pseudocercosporagriseola in bean plants (Phaseolus vulgaris),
on cotyledon leaf, first trifolium, second trifolium and third trifolium, as a function of the products performed in beans under
greenhouse conditions — second repetition.

Treatments Cotyledonleaf 1t Trifoliumleaf 2" Trifoliumleaf 3"9Trifoliumleaf
Control 5.98 bt 3.42b 0.882 0.08b
Fungicide 1.38d 2.43b 0.76 0.00b
Ascophyllum nodosum 0.95d 1.35¢ 0.92 0.04b
Bacillus thuringiensis 3.82¢ 251b 0.10 0.00b
Bacillus subtillis 5.89b 1.60c 0.52 0.22a
Trichoderma asperellum 161d 191c 0.10 0.00 b
Acibenzolar-S-methyl (ASM) 2.30c 1.16¢ 0.00 0.00 b
Copper phosphite 0.95d 1.18¢c 0.93 0.00b
Manganese phosphite 7.20b 6.29 a 0.63 0.06 b
Potassium phosphite 3.12c 1.04c 0.02 0.00b
Hight Roots® 2.68¢ 2.96b 0.10 0.30a
Manganese 254 ¢ 2.49b 0.42 0.00 b
V6® 6.03c 2.94b 1.55 0.30a
Wert Plus® 10.48 a 512 a 1.67 0.48 a

C.V (%)? 33.89 35.46 16.42 4.96

(1) Means with the same letter in the column do not differ significantly by Scott -Knott (p>0.05).
(2) Not significant;
(3) Coefficient of variation.

Table 2 - Area under the disease progress curve (AUDPC) of Pseudocercosporagriseola in bean plants (Phaseolus vulgaris)
on cotyledon leaf, first trifolium, second trifolium and third trifolium, as a function of the products performed in beans under
greenhouse conditions — second repetition.

Treatments Cotyledonleaf 19 Trifoliumleaf 2" Trifoliumleaf 3Trifoliumleaf
Control 0.00 b? 7.93a 3.14a 144 a
Fungicide 1.58b 0.66d 0.46 b 0.60b
Ascophyllum nodosum 0.00b 2.74c 0.82b 0.50b
Bacillus thuringiensis 0.00b 2.74c 1.55b 0.03b
Bacillus subtillis 0.72b 3.73¢ 2.17 a 1.15a
Trichoderma asperellum 3.76a 4.00c 0.93b 0.20b
Acibenzolar-S-methyl (ASM) 0.92b 2.26¢ 0.32b 0.12b
Copper phosphite 0.12b 295¢ 2.70 a 1.30a
Manganese phosphite 0.00 b 5.48 b 1.42b 0.24b
Potassium phosphite 0.00b 1.24d 0.62b 0.20b
Hight Roots® 0.00b 5.03b 1.21b 0.00b
Manganese 0.00b 2.36 ¢ 192a 170 a
V6® 0.00b 2.38¢ 1.46b 0.26b
C.V (%)? 32.59 36.33 15.26 12.51

(1) Means with the same letter in the column do not differ significantly by Scott -Knott (p>0.05).
(2) Coefficient of variation.
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Table 3 - Area under the disease progress curve (AUDPC) of Pseudocercosporagriseola in common bean (Phaseolus
vulgaris) on the whole plant as a function of the products performed in beans under field conditions, IPR Uirapuru cultivar -
first and second season.

Treatments 15'Season 2"Season
Control 15.10 at 7.552
Fungicide 0.35¢ 7.94
Ascophyllum nodosum 0.09¢c 7.86
Bacillus thuringiensis 294 ¢ 5.26
Bacillus subtillis 7.10b 7.22
Trichoderma asperellum 5.28b 5.09
Acibenzolar-S-methyl (ASM) 7.19b 5.68
Copper phosphite 4.27b 6.95
Manganese phosphite 5.98b 6.93
Potassium phosphite 4.33b 7.02
Hight Roots® 5.76 b 7.21
Manganese 351c 6.89
V6® 7.13b 6.62
CV (%)® 50.34 27.76

(1) Means with the same letter in the column do not differ significantly by Scott -Knott (p>0.05).

(2) Not significant;
(3) Coefficient of variation.

Table 4 - Yield components: plants per meter, pods per plant, grain number and productivity (kg ha) as a function of products in
beans (Phaseolus vulgaris), IPR Uirapuru, first and second season.

1%'Season
Treatments Plants per meter Pods per plant Grainnumber Productivity (kg ha)
Control 10.75? 121.25 at 673.25a 3946.13?
Fungicide 9.00 89.00 b 504.25b 2843.48
Ascophyllum nodosum 13.25 93.75b 542.25b 3552.67
Bacillus thuringiensis 7.75 79.50 b 441.25b 3868.59
Bacillus subtillis 9.00 91.00 b 502.00 b 3847.95
Trichoderma asperellum 10.00 91.75b 501.50 b 2529.13
Acibenzolar-S-methyl (ASM) 10.25 113.00a 619.75a 3407.70
Copper phosphite 10.25 121.00 a 692.00 a 3305.38
Manganese phosphite 10.00 126.25a 687.75a 3172.07
Potassium phosphite 11.50 122.25a 49150 b 2840.41
Hight Roots® 9.00 84.25Db 468.00 b 3484.94
Manganese 9.50 86.75 Db 49550 b 2885.94
V6°® 8.75 89.75 b 469.25 b 2704.35
C.V (%)® 17.22 17.44 13.51 12.74
2"ISeason
Treatments Plants per meter ~ Pods per plant Grainnumber Productivity (kg ha®)
Control 14.00 a 109.75 a 529.75b 5001.09 ¢
Fungicide 11.25b 112.00a 595.25 a 8524.17 a
Ascophyllum nodosum 14.25a 98.50 b 49150 b 4984.27 ¢
Bacillus thuringiensis 13.50 a 121.00 a 552.25a 5361.03 ¢
Bacillus subtillis 1250 b 103.25b 498.25b 4802.52 ¢
Trichoderma asperellum 14.25a 127.00 a 603.00 a 6215.05 b
Acibenzolar-S-methyl (ASM) 1150 b 114.00 a 594.25 a 5624.34 b
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Copper phosphite 13.75a 93.00 b 546.50 a 6189.08 b
Manganese phosphite 13.75a 114.75a 575,50 a 6032.77 b
Potassium phosphite 13.75a 11150 a 599.25a 4672.08 ¢

Hight Roots® 14.25a 98.00 b 486.00 b 4817.85¢

Manganese 13.50 a 112.25a 491.00 b 5709.11 b

V6°® 11.00b 96.75 b 458.50 b 4716.57 ¢
C.V (%) 11.88 9.62 11.62 14.63

(1) Means with the same letter in the column do not differ significantly by Scott -Knott (p>0.05).

(2) Not significant;
(3) Coefficient of variation.

Table 5 — Incidence (%) of seed pathogens as a function of the products performed in the field in the bean (Phaseolus vulgaris) in

the experimental area Fazenda Capé&o da Onca, first and second season growth.

1%'Season
Treatments _ _ Fungi _
Fusarium sp. Aspergillus sp. Colletotrichum truncatum
Control 80.50 a! 1.00? 2.00b
Fungicide 61.50 b 0.50 5.00a
Ascophyllum nodosum 82.50 a 0.50 350a
Bacillus thuringiensis 61.00 b 0.00 6.50 a
Bacillus subtillis 77.00 a 0.00 1.00b
Trichoderma asperellum 29.00d 0.50 550a
Acibenzolar-S-methyl (ASM) 37.00c 0.50 6.00 a
Copper phosphite 57.00 b 0.00 0.00b
Manganese phosphite 7750 a 1.00 0.00b
Potassium phosphite 73.50a 1.50 2.00b
Hight Roots® 47.00 c 0.00 0.50b
Manganese 18.50d 0.00 250b
V6°® 28.50d 0.00 350a
CV (%)® 26.16 13.70 23.78
2MSeason
Fungi
Treatments - - -
Fusarium sp. Aspergillus sp. Phomopsissp.
Control 3350a 1.502 0.002
Fungicide 21.00a 0.00 2.00
Ascophyllum nodosum 1450 a 0.50 0.50
Bacillus thuringiensis 0.00b 0.00 0.00
Bacillus subtillis 2250 a 0.00 1.50
Trichoderma asperellum 7.00b 1.00 2.50
Acibenzolar-S-methyl (ASM) 2350a 1.00 0.00
Copper phosphite 8.00b 0.00 0.50
Manganese phosphite 20.50 a 3.00 0.50
Potassium phosphite 0.00b 0.00 0.00
Hight Roots® 20.50 a 0.50 0.50
Manganese 9.00b 0.00 1.00
V6°® 0.00b 0.00 0.00
C.V (%)® 26.20 14.56 17.28

(1) Means with the same letter in the column do not differ significantly by Scott -Knott (p>0.05); original data, for analysis,

were transformed into arc sin v (x + 0.5)/100;

(2) Not significant;
(3) Coefficient of variation.
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