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Abstract: Web blight caused by Rhizoctonia solani Kuhn is one of the main common beans (Phaseolus vulgaris L.) diseases of
the Ecuadorian central coast. Thus, the present study aimed to evaluate the progress of web blight incidence using nonlinear
models in promising genotypes SER 03 and SER 08, using the commercial cultivar INIAP 473 as a control. This study was carried
out between the 2010 and 2012 seasons in Quevedo, Ecuador. Epidemiological parameters such as initial disease (y,), disease
progress rate (r), final incidence and the area under the disease progress curve were estimated using the Exponential, Logistic,
and Gompertz models. In general, progress curves, epidemiological parameters and other evaluated plant health variables were
lower in the INIAP 473 cultivar than the other genotypes in 2011 and 2012, especially in the last season when higher y, and r
were observed in the commercial cultivar. It seems that soil and seeds inoculum and temperature play an important role in
standard bean crop disease progress. While the response of genotypes and each location conditions influenced the epidemic

modeling, the Logistic model better described the web blight progress under these conditions.
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|
Introduction

Common bean (Phaseolus vulgaris L.) is a socially impor-
tant crop in Ecuador and an important legume in the Ecuado-
rian diet. Currently, the bean area is estimated at 25253 ha
with a mean yield! of 0.61 t ha’’, highlighting the provinces of
Los Rios, Imbabura, and Azuay, which have the largest planted
area for this crop?. On the central Ecuadorian coast, farmers
use native and introduced cultivars®, which are generally sus-
ceptible to different biotic-based diseases.

Several diseases affect bean crops on the central Ecua-
dorian coast, i.e., rust (Uromyces appendiculatus Pers.. Pers.),
web blight (Rhizoctonia solani Kuhn), virus infections, and root
rot (Fusarium spp., R. solani and Macrophomina phaseolina
Tassi)*. Among these diseases, the one that most predomina-
tes over the rest is the web blight, both in monoculture and as-
sociation systems®S, In general, the disease may be observed
affecting bean crops established each year in the north of Los
Rios province, reaching a severity of 88% in susceptible geno-
types’. Web blight considerably reduces the number of nodes,
pods, and grains per plant and the grain yield*’. Another predo-
minant factor is the association between web blight and root
rot, caused by R. solani®. Diseases management in commercial
cultivars and landrace bean genotypes established in this part
of Ecuador is usually through fungicides?®.

Although there is currently valuable information about
the web blight intensity in promising bean genotypes, obtained
from different experiments established on the central Ecuado-
rian coast during some years, no epidemiological studies have
been carried out in this pathosystem. From an epidemiological

point of view, an epidemic may or may not generate sufficient
levels of damage to cause economic loss in an agro-productive
system®. Different linear and nonlinear mathematical models
can be used to describe the development of epidemics, i.e., Ex-
ponential, Monomolecular, and Logistic, with polycyclic disea-
ses being able to be described using the Logistic model and
monocyclic diseases using the Monomolecular model®.

The parameters used are the initial disease, the apparent
disease increase rate, and the maximum disease level'°. In any
case, not all disease progress curves are well or quickly des-
cribed using a growth curve model, and alternative methods
such as the Area Under the Disease Progress Curve (AUDPC)
can also be used, which allow guantitative resistance to disea-
se assessment!'. Mathematical growth models can summari-
ze, in the form of relatively simple mathematical expressions,
the relationship between disease and time, having practical
importance, or simply contributing to a better understanding
of the disease's infectious progression'?,

A web blight epidemiological study under natural con-
ditions in different bean genotypes and seasons in a row can
expose valuable information that will help select efficient di-
sease management strategies for this legume. Therefore, in
the present work, epidemiological parameters of web blight
such as the quantity of initial inoculum and the progress rate
were compared, using the Exponential, Logistic and Gompertz
models, in the promising genotypes SER 03 and SER 08, using
the commercial cultivar INIAP 473 as a control between 2010
and 2012, in Quevedo, Los Rios province, Ecuador.
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Materials and methods

Study Area

Field experiment was carried out at La Maria Experimen-
tal Farm (79° 30' 08" W and 0° 00" 35" S) between 2010 and
2011 (Experiments 1 and 2), and at Hacienda Florencia (79°
50' 86" W and 01° 06' 84" S) in 2012 (Experiment 3). Both lo-
cations are in Quevedo, Los Rios province, Ecuador, characte-
rized by having conditions of humid tropical forest (bh-T), with
uniform topography, clay loam type Inceptisol soil, and pH 5.7.
The mean air temperature and rain precipitation of these expe-
riments are shown in Figure 1. Meteorological data from Client
for ‘NASA' ‘POWER' global meteorology, surface solar energy
and climatology data’ API'. 'POWER' (Prediction Of Worldwide
Energy Resource) freely available for download with a spatial
resolution of 0.5 x 0.625 degree latitude and longitude for me-
teorology were used as observed data.

Genetic material

Three Ecuadorian common bean genotypes, two promi-
sing lines, and a commercial cultivar were used to control (Ta-
ble 1).

Field experiments

Tor 2010-2011 the experiment was established in a suc-
cessive bean crop season area. The soil was mechanically
prepared three days before sowing. The seeds were treated
before being sown with carbendazim fungicide (200 mL per
100 kg seeds™). Using a conventional sowing system, two
seeds per site were sown, spaced 0.20 m between plants and
0.50 m between rows, resulting in an approximate density of
100000 plants ha'. Each plot was comprised of four 7.5 m?
plant rows totaling 65 m?2 Fertilization consisted of applica-
tions of N, P, K'in 100 kg ha* doses, at 13 and 27 days after
sowing (DAS). A foliar biostimulant (containing macro and mi-
croelements, phytohormones, humic acids, and vitamins) was
also applied at 68 DAS (1.5 L ha). The weeds were controlled
with glyphosate and pendimethalin with 2 L ha doses each
and manual weeding during crop establishment. For insect
pests, lambda-cyhalothrin (0.2 L ha*), methomyl (0.5 kg ha),
and pyrochlore (0.5 L ha') were applied on three occasions. To
compensate for crop water needs, several sprinkler irrigations
were carried out. No fungicides were used.

In the 2012 season, the experiment was established in a
previous banana crop field. All experiments were the same as
the 2010-2011 experimental management, except for plant

density. Two seeds per hole were sown in a 0.20 m between
plants x 0.60 m between rows scheme, resulting in a planting
density of approximately 90000 plants ha'. Each plot was
composed of four rows of plants and 9 m?, totaling 96 m?. All
cultural management according to the previous seasons was
developed.

Disease assessment

Web blight incidence (%) was measured during five (2011
and 2012) and six (2010) consecutive weeks, from the pheno-
logical stage R6 (full flowering). Central leaflets were taken
from the lower, middle, and upper canopy strata from four
plants located in the two rows outside the proper plot (two
central rows) in each treatment (genotype), totaling 12 lea-
flets. Leaflets with lesions larger than 2 mm were classified
as diseased. The plant material was analyzed in a stereomi-
croscope with a 2X optical magnification binocular lens during
the first two weeks. The diseased leaflets percentage defined
this variable.

To verify the presence of the causal agent, some infected
leaflets were placed for a few days in a humid chamber with
a photoperiod of 12 h at room temperature. Subsequently, di-
fferent samples were prepared to observe morphological cha-
racteristics (mycelium) of the microorganism associated with
web blight symptoms.

Experimental design and statistical analysis

A randomized complete block design (RCBD) was used in
each experiment, with four blocks for each treatment (geno-
types). All the values obtained in the experiments were inte-
grated as the area under the disease progress curve (AUDPC).

For the analysis of disease progress, the disease progress
rate (r) was calculated using the Logistic model equation'® (Eg.
1); y=1(1+exp (-a+rt)) (1), where y = disease proportion (0 <y
<1), a = logit (y,), r = rate, and t = time; the Gompertz model
equation’™ (Eq. 2): y=exp (-B*exp (-kt)) (2), where B is a position
parameter, k = rate, and t = time, and the exponential model
equation (Eq. 3); y=y exprt (3) where y, is the initial value, r is
the rate and t the time.

AUDPC, model curve calculation, and residuals were es-
timated using the epifitter package®® for Rstudio*. All figures
were plotted using GGPLOT™.

After verifying the homogeneity of the variance of the data
sets, the data were subjected to analysis of variance. Tukey
(P<0.05) test was used to make the comparisons. Pearson co-
rrelation between mean meteorological variables and disease
progression was performed (P < 0.05).

Genotype Growth type Origin
SER 03 Indeterminate growth habat type IIb ITAV!

SER 08

INIAP 473 Determined Growth habit type Ia INIAP’

L ITAV: Instituto Tecnologico Agropecuario de Vinces

2 INIAP: Instituto Nacional de Investigaciones Agropecuarias

Table 1. Genotype, growth type, and origin of the common bean genotypes used in the research. Quevedo, Los Rios, Ecuador.
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Figure 1. Daily variation of meteorological variables throughout the experimental crop cycle. Mean air temperature (°C, red
lines), and pluvial precipitation (mm, black bars) for experiments 1 (A), 2 (B), and 3 (C). The blue lines represent the smoothed
tendency of air temperature, and the light gray represents the confidence interval of the data.

|
Results

The average temperature was 24.2, 25.1, and 23.3 °C, and
growing season precipitation was 390, 179, and 149 mm, res-
pectively, in 2010, 2011, and 2012. The relationship between
mean meteorological variables used in this study and disease
progression was not found (data not shown).

Hyphal branching varied from 45 to 90° (spores were not
found) was observed (Figure 2A) when mounting specimens in
the microscope from samples in symptomatic leaf tissue pre-
viously placed in a humid chamber. Regarding symptoms, the
lesions began as necrotic spots with a yellowish halo (Figure
2B) that increased over with time until they became brown and
dark-bordered, covering the leaflet area forming a cobweb (Fi-
gure 2C).

The progress of the web blight varied between genotypes

and years (Figure 3). In 2010, disease incidence was practically
similar in the three evaluated genotypes (Figure 3A). Although
in 2011 (Figure 3B) and 2012 (Figure 3B), the incidence was
higher in the commercial INIAP 473 variety, the disease began
a little earlier, only in the first year.

In general, the amount of initial disease (y,) and progress
rate (r) obtained from web blight incidence varied between ge-
notypes only in some years using the Exponential, Gompertz,
and Logistic, nonlinear models (Table 2). Curve analyses were
significant (P < 0.05) in all genotypes and models in 2010 and
2012, and 2011 but only for the Exponential model.

When both epidemiological parameters were compared,
no significant difference was observed between genotypes in
any model from 2010. Using the exponential model, y, was hi-
gher in the INIAP 473 variety (three times on average) and in
the SER 03 (four times on average) in 2011 and 2012, respecti-
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Figure 2. Rhizoctonia solani mycelium (A) and web blight symptoms (B and C) observed on common bean leaflets. The arrows
indicate the angle of 45 and 90 ° of the mycelium and the disease lesions.

vely, compared to the other genotypes. Using the same model
in 2011, the r was higher in the SER 03 and SER 08 genotypes
(three times on average) compared to the commercial variety.
Regarding the Gompertz model, in 2012, the INIAP 473 and
SER 08 genotypes (twice on average) presented the highest y,
compared to the SER 03, while the r was higher only for INIAP
473 (six times in average), compared to the other two geno-
types. Finally, only y, was higher in the INIAP 473 genotype
(three times on average) than SER 03 and SER 08 in 2012 for
the logistic model approach.

The lowest mean square of residuals (MSR) was obtai-
ned in the INIAP 473 and SER 03 genotypes with the Logistic,
Gompertz, and Exponential models in 2010, 2011, and 2012,
respectively (Table 3). Although this pattern (models and
years) was recurrent in the SER 08, lower MSRs were also ob-
served using the Gompertz and Exponential models in 2011
and 2012, respectively.

The residuals of the progress curves (Figure 4) varied con-
siderably between genotypes and epidemiological models only
in 2011 and 2012, having a similar pattern between the factors
analyzed in 2010. Although in 2011 and 2012 the points were
located closer to the central axis, this was more evident in the
last year. In fact, in 2012 the residuals were lower in the SER
03 and SER 08 lines using all nonlinear models, compared
to the INIAP 473 in the same year, and with the other factors
analyzed in 2010 and 2011.

The final incidence (%) and the AUDPC of web blight (Figu-
re 5) were similar in plants of all genotypes analyzed (17% and
2 units on average) in 2010 (Figures 5A and 5B). Instead, plants
of commercial variety INIAP 307 presented a final incidence
and AUDPC between two (Figures 5C and 5D) and five (Figures
5E and 5F) times higher in 2011 and 2012, respectively, when
compared to those of the SER 03 and SER 08. Concerning the
amount of disease in each of the three years evaluated, the hi-
ghest final incidence and AUDPC were observed in 2011 (50%
and 10 units in the INIAP 473 variety), followed by 2010 (17%
and 2 units on average) and 2012 (12% and 0.8 units in the
INIAP 473 variety).

|
Discussion

Web blight is one of the main diseases that negatively
affect grain yield, both in monoculture and in association with
others, on the central coast of the Ecuadorian coast*®.

For the first time in Ecuador, in three common bean ge-
notypes with a differentiated response to web blight, using
the incidence, the epidemic was modeled using the nonlinear
Exponential, Logistic, and Gompertz models, obtaining even
epidemiological parameters such as y, and r, for three conse-
cutive years.

The mycelium characteristic (branching from 45 to 90°)
and the observed symptoms in advanced stages (web shape)
of the disease suggest that the causal agent is R. solani. Fur-
thermore, these results are similar to those observed*, who
found similar morphological characteristics in the vegetative
tissues of this phytopathogenic fungus, but in common bean
seedlings with damping-off symptoms. Even in Ecuador or
other countries, R. solani has been found in both underground
and aerial organs®,

The progress curves obtained from the proportion of the
incidence of web blight in common bean plants were different
in each genotype and year. Although in 2010 the incidence
was similar in the three genotypes evaluated, in the following
years, it was higher only in the commercial variety INIAP 473.
In part, this result was similar to that of the epidemiological
parameters, especially in 2010, where there were no differen-
ces between genotypes. However, both the amount yO and r
varied between genotypes in a differentiated way in 2011 and
2012, generally observing the sanitary inferiority of the INIAP
variety 473.

Web blight may be influenced by environmental condi-
tions, being more intense in lowland areas with hot and hu-
mid conditions16, especially between 25 and 100% humidity*.
These conditions are similar to those of the study areas. Al-
though the pluvial precipitation was higher in 2010, the disease
incidence was higher in 2011. This suggests that temperature
was the only environmental factor that affected the amount of
disease in bean plants. The optimum temperature for mycelial
growth in the soil is between 20 and 25 °C, regardless of the
anastomosis group®®. It seems that the pathogen increased its
aggressiveness in temperatures above 25 °C, as in 2011. Some
strains are highly virulent at higher temperatures?®.

It must be considered that y, is of particular interest as
an epidemic component for root diseases caused by soil-borne
pathogens®, such as R. solani. In order, r may be negatively
affected by the nature of the host's resistance, consequently,
the model to be used must be well fitted®. In the nonlinear
models used, the Exponential can be used for the initial pha-
ses of an epidemic, when disease intensity does not exceed
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Figure 3. Web blight progress from incidence proportion in INIAP 473, SER 03, and SER 08 common bean genotypes, establi-
shed in 2010 (A), 2011 (B), and 2012 (C), Quevedo, Los Rios, Ecuador.
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Genotypes 3y F B P-value

kL] 011 2012 20140 2011 2012 2010 011 2012 2010 011 | 212
Exponential
INIAP 473 0088 %% 0.338a¥ | 0.0190F | 0168 0.065 b 0.261 0.E9 0.49 0.86 0.001 007 0.0071
SER 03 0.051 0197 b 0.081a 0170 0095 a . 0.134 . 0.20 052 . 0.90 0.001 0007 . .01
SER08 | 0044 | 0.109b  0002c | 0180 | 0.106a | 0302 | 087 | 061 | 095 | 0001 | 0005 | 0.001
Gomperts
INIAP 473 | L.161 0.871 0917a | 0257 0215 | 0.593a | 0.95 0.57 0.4 0004 | 0212 | 0.020
SER 03 L11% 0.386 0405 b | 0274 | 0308 . 0143 b . 0.98 .61 . 0.940 0.001 | 0.173 . 0043
SER 05 - 1.076 | 0.456 . (.826a . 0.364 . 0,344 . 0.070 ¢ . .96 . 0.76 . 0.87 . (L0031 - 0079 . 0.020
Lagistic
INTAP 473 0.953 0838 0854 a 0.507 0304 0.348 0.95 0.57 0.4 0.001 0149 0.003
SER 03 0.971 | 0.381 . ¢.2170h . 0.523 . 41l . 0.392 . .98 . .60 . 0.89 . .01 - 0144 . 0.017
SER 08 0.254 | 0437 . 0403b | 0.643 I 0.530 . 0443 097 . 0.75 . 0.97 . 0001 | 0056 . 0.001

* An analysis of variance with its respective comparisen of averages was performed only when the probabiliry values for all genatypes in each
year were significant (P < 0.05),

£ Wot significant

¥ Letters in the column indicate the difference between averages by Tukey's test (P < 0.05),

Table 2. Initial disease (y,), and progress rate (r) using Exponential, Gompertz, and Logistic nonlinear models, from web blight
incidence in INIAP 473, SER 03, and SER 08 genotypes, established in 2010, 2011, and 2012, Quevedo, Los Rios, Ecuador. Coe-
fficient of determination (R,), and probability value (P-value) statistical parameters.

Genotypes 2010 2011 2012
INIAP 473

Exponential 0.288 0.036 0.016
Gompertz 0.053 0.033 0.061
Logistic 0.008 0.036 0.007
SER 03

Exponential 0.274 0.097 0.007
Gompertz 0.050 0.010 0.001
Logistie 0.002 0.012 0.000
SER 08

Exponential 0.018 0.014 0.000
Gompertz 0.063 0.010 0.003
Logistic 0.005 0.010 0.000

Table 3. Mean squares of residuals obtained using Exponential, Gompertz, and Logistic nonlinear models, from web blight
incidence in INIAP 473, SER 03, and SER 08 genotypes, established in 2010, 2011, and 2012, Quevedo, Los Rios, Ecuador. Coe-
fficient of determination (R,), and probability value (P-value) statistical parameters.
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Figure 4. Progress curve residuals obtained using the Exponential, Gompertz, and Logistic nonlinear models, from web blight
incidence in INIAP 473, SER 03, and SER 08 genotypes, established in 2010, 2011, and 2012, Quevedo, Los Rios, Ecuador.
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5%*2. Therefore, to compare the epidemiological parameters
between genotypes, the Gompertz, and Logistic models can be
used. A higher y, was obtained in INIAP 473 plants using both
models, while a higher r was observed in plants of the same
genotype in 2012. If it is considered that in 2010, the experi-
ment was established in a different place than the others, and
having previously been occupied by a banana crop, possibly the
only source of inoculum was found in the seed. Thus, this y,
also caused a significant increase in rin INIAP 473 plants.

Although high determination coefficients (R,) were obtai-
ned in different genotypes and years from each of the epide-
miological methods used, this cannot serve as a standard?. On
the contrary, smaller MSR and residuals obtained from epide-
miological models may be used to choose the model that best
explains the disease®?. Under the conditions under which the
experiments were carried out, both decision variables differed
on the year and genotype studied. Generally, in other crops, the
Logistic and Gompertz models can satisfactorily explain the
progress of some diseases, while Gompertz can better model
diseases such as rusts’.

Even on some occasions, the use of epidemiological mo-
dels can help determine the etiology of the disease'?. The res-
ponse of the genotypes and temporal conditions of each loca-
lity possibly influenced the epidemic maodeling. Anyhow, taking
the lowest MSR as a parameter to choose the best model, we
can mention the Logistic model that better describes the epi-
demic caused by web blight in common beans.

The final incidence and AUDPC of web blight were higher
in INIAP 473 in 2011 and 2012. On the one hand, the differen-
tiated response to web blight or another disease caused by R
solani has already been reported in common beans®® and other
crops?®. Concerning the superiority of the SER 03 and SER 08
genotypes, as they present a lower incidence and AUDPC, this
is similar to that others’ work reported®®, in the same expe-
rimental conditions, finding a lower disease intensity in foliar
and root tissues of both common bean lineages. Although the
mechanisms used by these advanced common bean lines to
defend against R. solani are unidentified, they could be as-
sociated with physical?* and molecular factors?. To date, no
common bean genotypes with complete resistance against R.
solani have been found in Ecuador, as happens in other beans,
where late colonization materials may be an option for this di-
sease management?,

In 2011, a higher final incidence and AUDPC were obser-
ved in plants of the three genotypes studied, compared to
2010 and 2012. Two suggestions can be raised to explain this
comportment: the source soil inoculum and the R. solani seed
dissemination. The source of pathogen inoculum found in the
soil due to 2010 beans establishment, and even in years befo-
re this, seems to have caused a considerable increase in 2011
plants disease??’. However, the low amount of the disease ob-
served in 2012 was because the only source of inoculum was
found in the seed, and the pathogen could have spread through
the seed?’?®. The experiment established in this last year was
in a different place than in the other years, having previously
been occupied by a banana crop. This implies that carbenda-
zim seed treatment did not show efficacy, despite the fact that
this fungicide is used to control R. solani®®.

|
Conclusions

Under the conditions of these experiments, all the web
blight evaluated parameters the progress curves, epidemiolo-
gical parameters, and other evaluated plant-health variables

were lower in the INIAP 473 variety than the other genotypes
in 2011 and 2012. Soil and seeds inoculum and temperature
play an important role in expected bean crop web blight in-
crease. The Logistic model better described the progress of
the web blight in the conditions of the central coast of Ecuador.
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