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The objectives of this study are to establish damage functions for the Ramularia areola pathosystem
and characterize the damage in cultivars susceptible and resistant to it. The experiment was conducted
in the city of Tangara da Serra in the 2012/2013 harvest season. The experimental design was
randomized blocks with four replications in a factorial arrangement of four cultivars x four gradients.
The plots were divided into two subplots (twin plots). The division | received fungicide applications at
intervals of 15, 30 and 45 days and no applications to establish the gradients of the disease, and the
division 1l received weekly applications of fungicide in order to be kept without the disease or at
minimum levels. FiberMax 993, FMT 701, FMT 707 RX and IAC 25 RMD cultivars were used with different
reactions to ramularia spots. Disease severity was weekly determined and used to calculate the area
below the disease progress curve (ABDPC). In addition to area below the severity progress curve
(ABSPC), the variables related to the following production components were obtained: seed cotton
productivity, damage, percentage of damage to productivity, average number of bolls per plant, weight
of one hundred seeds, percentage of fiber, and components related to fiber technological
characteristics. Analyses of variance were conducted and data were adjusted by the linear integral
model. The ABSPC variable showed a high relation with damage and percentage of damage to
productivity. Estimates reached levels of up to 975.42 kg ha™, or 36.83%, of damage to productivity.

Key words: Damage, functions, Ramularia areola, Gossypium hirsutum, fiber technological characteristics
(HVI).
INTRODUCTION

Brazil is the world's fifth largest cotton producer (FAO, harvest was 1,562,800.00tonsinacultivated area of 976.2
2016). In Brazil, cotton lint production in the 2014/2015 hectares. 64% of this area is located in the Midwest
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region, followed by the Northeast region with 32%
(CONAB, 2016).

As in many cultures, there are diseases responsible for
negative factors, causing damage to crops and losses in
agricultural activity. Among the most important cotton
diseases, is the ramularia leaf spot, considered by many
researchers as the most important disease of cotton in
Brazil (Cia and Salgado, 2005).

Ramularia leaf spots were diagnosed for the first time
in 1890 in the state of Alabama, United States (Atkinson,
1890). Subsequently, the disease was found in several
places that cultivated cotton. All cultivated species of the
genus Gossypium were hosts to the disease (Bell, 1981).
Ramularia leaf spot, also known as ramulariosis, false
mildew, areolate mildew, grey mildew or cotton ramularia
are caused by the phytopathogenic fungus Ramularia
areola GF Atk. [syn. = Ramularia gossypii (Speg.) Cif.,
Cercosporella gossypii Speg.] in its asexual or
anamorphic form and in its sexual or telemorphic form by
Mrycosphaerella areola Ehrlich and FA Wolf (Atkinson,
1890; Suassuna and Coutinho, 2007).

This disease may occur in all plant development
stages, causing lesions to both sides of leaves, resulting
in a reduction in the photosynthetic area. It accounts for
significant damage to productivity and fiber quality of the
culture. Favorable climatic conditions for the development
of the pathogen are temperatures between 12 and 32°C,
the optimal range being 25 and 30°C, and a relative
humidity above 80% (Rathaiah, 1977). According to
Mohan et al. (2006), the disease worsens in a relative
humidity over 90 or 91% and in temperatures from 23 to
27°C.

In recent years, with the increase of the cotton
production area, cultivars susceptible to this disease are
been used with a greater precocity. Therefore, this
increased the potential for damage, being then
considered as one of the major cotton diseases
(Utiamada et al., 2003). According to Andrade Junior and
Galbiere (2014), in the Brazilian center-western region,
yield losses caused by Ramularia leaf spot are about 20
to 30% without control (Andrade Junior and Galbiere,
2014), therefore, the potential of damage to production
caused by ramularia leaf spots can reach up to 68% in
susceptible cultivars (Shivankare and Wangikar, 1992).

Variations in susceptibility levels of cultivars occur
probably due to emergence of new races of the pathogen
and the use of cultivars that do not have resistance
(Polizel et al., 2008). Girotto et al. (2013) found genetic
and phenotypic variability in isolates of the fungus,
Ramularia areola thus studies to establish the pathogen
races are needed.

Traditional evaluation models and quantification of
damage are obtained by disease variation in different
plots and by relative levels of severity of the disease in
relation to production. Thus, damage can be caused by a
simple linear regression, where the variable disease is
the independent variable, and the reduced productivity,
whether in kilograms per hectare or percentage, is the
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dependent variable (Zadoks, 1985; Amorim and Bergamin
Filho, 2011). The damage equation provides biological
variables to calculate the economic damage threshold.
Thus, the equation becomes necessary for decision-
making regarding improvement programs or integrated
disease management programs (Amorim and Bergamin
Filho, 2011), since there are no cotton cultivars with a
satisfactory resistance to ramularia leaf spot. Thus, the
use of fungicides is necessary to ensure production (Cia
and Salgado, 2005).

This study aimed to establish the damage functions for
ramularia leaf spot on cotton plants and to characterize
the damage to cultivars resistant and susceptible to
ramularia.

MATERIALS AND METHODS

The experiment was conducted in the city of Tangara da Serra,
Mato Grosso State. The experimental area is located 320 m above
sea level, at 14°37'10" S and 59°29'09" W. The soil of this area was
classified as a dystrophic clayey red latosol (Embrapa, 1999).

The field sowing was performed on December 18, 2012, with a
density of eight plants per meter. The fertilization was performed
according to Souza and Lobato (2004), where 25 kg ha™ of N, 100
kg ha™ of P,Os and 40 kg ha™ of K,O were used at planting. The
topdressing was applied 30 days after sowing with 50 kg ha™ of N
and 40 kg ha™* of P,0s, and at 50 days with 50 kg ha™ of N.

The inoculation of the plants was made at 45 days after plant
emergence in the early reproductive stage (B1). The inoculum was
obtained from the washing of cotton leaves with symptoms of
Ramularia. The suspension was adjusted to a concentration of
4x10° conidia mL™ with a Neubauer chamber. The adhesive
spreader Tween 20 (0.01%) was added to the final suspension, and
inoculations were performed with a portable back sprayer until
runoff.

The experimental design was randomized blocks in a 4 x 4
factorial (four cultivars and four gradients of disease), with four
replications, totaling 16 treatments. The cultivars FiberMax 993,
FMT 701, FMT 707 and IAC 25 RMD were used, each one with
differential reactions to ramularia leaf spot (Table 1). In Additional to
that to obtain different levels of disease in each cultivar, sprayings
were performed with the mixture of fungicides, trifloxystrobin (60
g.ha®) + prothioconazole (70 g.ha™) + mineral oil (500 mL.ha), at
intervals between applications of 15 days for the first gradient, 30
days for the second gradient, 45 days for the thirty gradient and no
application for gradient fourth.

The experimental plot consisted of eight lines of 5 m in length
with a spacing of 0.9 m. Each plot was divided into two equal
subplots (twin portions), that is, each division consisted of four
rows, being the division | with the disease at different gradients and
division Il without the disease (or with minimal disease). To keep
the division | without disease, applications of fungicide were
performed at intervals of seven days. The useful area for
evaluations was composed of two main lines in each division of the
plot, in which severity and yield components evaluations were
performed, and samples were collected for fiber technological
analysis. On the border of each plot was sown an infector line with
the susceptible cultivar FMT 701 to homogenize the inoculum
pressure in the experiment. The control of insects-pests and weeds
was performed when necessary by raising the level of damage.

At 20 days after inoculation, symptoms of ramularia leaf spots
were identified in the experiment and the evaluations of disease
severity began. The evaluations were performed at intervals of
seven days until 152 days after planting (DAP). The disease severity
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Table 1. Cultivars, reaction to ramularia leaf spots and respective breeders and holding institutions.

Cultivars Breeder/holding Reaction to ramularia spots Cycle
Fibermax 993 Bayer Seeds Susceptible Late
FMT 701 Fundacao Mato Grosso Mod. Susceptible Late
FMT 707 RX Fundacao Mato Grosso Resistant Medium
IAC 25 RMD Inst. Agronémico de Campinas Resistant Medium

'Reactions regarding the level of resistance were obtained from breeders/holding agencies. (Mod) Moderately.

was evaluated by percentage of diseased leaf area with the
diagrammatic scale proposed by Aquino (2008) with nine severity
levels: 0.05, 0.50, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0 and 67.20%.

For the evaluation of the disease, six plants of the useful area of
each division in each plot were previously marked. These plants
were also used in determining the percentage of fiber, one hundred
seed weight and analysis of fiber characteristics.

Severity data of all evaluations were used to calculate the area
below the severity progress curve (ABSPC) according to Shaner
and Finney (1977):

n—1

ABSPC = Z[(Ni + Nit1)/2](ti4 — t)
i=1

Where, n is the number of evaluations, x is the severity of the
disease at time t and (t+1-t) is the interval between two
consecutive evaluations.

The real and potential productivity was obtained from the manual
harvest of all plants in four central meters of the useful area of each
division in each plot. The weighing was measured with a digital
electronic scale with accuracy of 0.01 g, and data were converted
to kilograms per hectare. The real productivity was estimated from
the harvest and the weighing of divisions of the plots that were
subjected to different disease gradients. The estimated productivity
was obtained by harvest and weighing of the healthy divisions of
the plots.

To obtain the loss in productivity in kilograms per hectare (kg ha’
1 and in percentage, the following equations were used (James et
al., 1968; Nkalubo et al., 2007):

Damage in Kg.ha™! = PP — RP

and

PP

RP %100

: P
Damage in % =

where PP is potential productivity and RP is real productivity.

During harvesting, the total number of bolls of the six marked
plants in each division was counted to obtain the average of bolls
per plant. 20 bolls were sampled to obtain the percentage of fiber
and the one hundred seed weight. In addition, analyses with a high
volume instrument (HVI) device were performed to obtain fiber
characteristics, length, uniformity index, resistance index, stretch,
micronaire, yellowing degree, maturity, short fiber content and CSP
reliability index.

The damage in these production components and fiber
characteristics were obtained by subtracting the means of each
component in the division under the effect of different disease
gradients minus the means of the components obtained from the
healthy division (Amorim and Bergamin Filho, 2011).

Weather temperature (°C) and relative humidity (%) data during
the experiment were obtained from the National Institute of
Meteorology (INMET) at the weather station installed in the city of
Tangard da Serra, located approximately 100 m from the
experiment site. With hourly temperature and relative humidity
records, the number of optimal hours for germination of R. areola
conidia per month was calculated. Temperatures between 25 and
30°C and a relative air humidity greater than or equal to 80% were
considered as ideal climatic conditions (Rathaiah, 1977).

Analyses of variance were conducted and data were adjusted by
the linear integral model Y = a+bx, where y is damage and X is
ABSPC (Schneider et al., 1976). In all analyzes, the software
Genes was used (Cruz, 2006).

RESULTS AND DISCUSSION

The temperature was favorable for the germination of
conidia and the development of R. areola throughout the
experiment (Figure 1a). The number of favorable air
humidity hours also occurred throughout the cycle, with
peaks between 25 and 30, 49 and 55, 67 and 73, 91 and
97, and 151 and 153 days after planting (DAP), reducing
after 154 DAP until the end of the cycle (Figure 1b).

Ramularia spots, like most diseases, are influenced by
climate, which is crucial to the pathogen development of
this disease. Rathaiah (1977) and later Curvélo et al.
(2010), studying the penetration of R. areola, observed
that the highest germination of conidia occurred in the
temperature range of 25-30°C and an air humidity above
80%, and that the greater penetration of the fungus
occurred in the nighttime wetting cycle and daytime
drying cycle. The authors also found that in the process
of germination and penetration, the germ tube of this
fungus tolerates up to 16 h of drying (humidity above
20%) for a few cycles and then returns to the process of
germination and penetration.

The analysis of variance was performed for all variables
evaluated. However, there was a significant interaction (p
< 0.01) between cultivars and disease gradients only
regarding the ABSPC of the disease, damage in kilograms
per hectare and percentage of damage.

In cultivars under different ramularia spot gradients,
damage to productivity ranged from 104.00 to 975.42 kg
ha™, equivalent to 4.33 and 36.72%, respectively (Table
2). The cultivars Fibermax 993 and FMT 701 had the
highest percentages of damage, reaching 36.83 and
36.72%, the highest gradients of the disease,
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Figure 1. Climatic temperature and relative humidity data during the experiment. A- Number of hours of daily
temperature <25°C, 25-30°C and >30°C; B- number of hours with a relative humidity higher than 80%. Tangara da

Serra, 2012/2013 harvest.

respectively. The cultivar FMT 707 had the lowest
damage percentages, varying between 4.33 and 19.86%
among disease gradients, followed by IAC 25, wherein
damage percentages ranged from 10.24 to 25.08%
(Table 2). Ascari et al. (2016) has observed yield
demages of 30.82% comparing control and uncontrol
plots in first sowing.

Cultivars had different ABSPC indexes and percentages
of damage to productivity. The graphical representation
of the linear equation of damage in function of ABSPC
shows a significant increase of the damage with the
increase in ABSPC, wherein for each ABSPC unit, there
was an increase of 0.0375% in damage to productivity,
with a coefficient of determination of 96.89% (Figure 2a).
Brito et al. (2007), studying the effect of cercosporiosis on
commercial corn hybrids, also found a linear increase in
damage to productivity due to the increase of the ABSPC
index.

When cultivars and their gradients were considered in a
same Equation (Figure 2b), the equation components
were similar to those obtained by the cultivars: for each

ABSPC unit, there was an increase of 0.041% in damage
to productivity, but the coefficient of determination was
82.11%. Even so, it can be considered as a high relation
of ABSPC with productivity, given the fact that coefficients
above 80% are considered acceptable.

Comparing damage percentage equations in function of
ABSPC, the relations were significant for both susceptible
cultivars (p<0.01) and resistant cultivars (p<0.05). For the
cultivars Fibermax 993 and FMT 701 (Figure 3a and b),
the damage function equation showed that for each
ABSPC unit, there was a 0.0745 and 0.0412% damage to
productivity, respectively, with  coefficients  of
determination of 98.33 and 97.70%. However, considering
the cultivars, FMT 707 and IAC 25 RMD (Figure 3c and
d), one ABSPC unit increased damage to productivity by
0.238 and 0.143%, respectively. The coefficients of
determination ranged from 98.4 to 97.79%, with the
exception of the cultivar IAC 25, with a coefficient of
determination of 84.22%, thus demonstrating a high
relation between damage to productivity and ABSPC
(Figure 3).



16 Afr. J. Agric. Res.
Table 2. Area below the severity progress curve (ABSPC), real and potential productivity, and damage to productivity caused by
Ramularia spots under different disease gradients and cotton cultivars in Tangara da Serra, MT, 2012/2013 harvest.
Cultivar Dise_ase ABSPC Real produ_(itivity Potential proglluctivity DaTage
gradient (Kg ha™) (Kg ha™) Kg ha (%)

FM 993 1 309.22 1,660.00 1,982.50 322.50 16.55
FM 993 2 447.21 1,937.50 2,570.00 632.50 24.61
FM 993 3 538.89 1,497.50 2,251.25 753.75 34.14
FM 993 4 589.52 1,548.75 2,438.75 890.00 36.83
FMT 701 1 182.24 1,833.75 2,233.75 400.00 17.88
FMT 701 2 397.41 1,931.25 2,542.50 611.25 24.08
FMT 701 3 527.79 1,728.75 2,508.75 780.00 31.27
FMT 701 4 642.87 1,680.00 2,655.42 975.42 36.72
FMT 707 1 20.90 2,280.00 2,384.00 104.00 4.33
FMT 707 2 32.97 1,617.50 1,856.25 238.75 13.49
FMT 707 3 60.76 1,835.00 2,165.00 330.00 15.07
FMT 707 4 76.63 1,868.75 2,331.25 462.50 19.86
IAC 25 1 175.96 1,962.50 2,173.75 211.25 10.24
IAC 25 2 185.16 1,938.75 2,228.75 290.00 12.82
IAC 25 3 227.68 1,707.50 2,068.75 361.25 17.81
IAC 25 4 272.58 1,527.50 2,036.25 508.75 25.08
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Figure 2. Relation between damage to productivity and ABSPC for cotton cutivars Fibermax 993 (1), FMT 701 (2), FMT 707 (3) and IAT

25 (4) (a), and for all cultivar and gradient treatments (1b).

For several other pathosystems, relations were found
between ABSPC and damage to productivity by the
integral linear model, as reported by Hartman et al.
(1991) for Asian soybean rust, Godoy and Canteri (2004)
for mildew and Cercospora in soybeans, Brito et al.
(2007) for corn Cercospora, Leite et al. (2006) for
sunflower Alternaria, Hikishima et al. (2010) for Asian
soybean rust, and Fiallos (2011) for common bean blight.
ABSPC is a variable recommended by some authors
because it represents the epidemic of the disease as a
whole in all plant cycles (Bergamin Filho and Amorim,
1996).

In plants with an indefinite cycle, it is common to find

a relation between disease and production because
leaves are not fixed (Amorim and Bergamin Filho, 2011).
However, the high relation in the pathosystem under
study may be because the use of regulators ultimately
determines the cotton cycle.

Although, the total damage is greater in susceptible
cultivars, damages by ABSPC units were higher in
resistant cultivars (Figure 3c and d), exceeded by up to
six times the susceptible cultivars (Figure 3a and d). This
may be related to a greater tolerance by susceptible
cultivars used herein considering the severity of the
disease.

The relationship between ABSPC and some productivity
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Figure 3. Relation between damage to productivity and ABSPC for cotton cultivars Fibermax 993 (a), FMT 701 (b), FMT 707
(c) and IAC 25 RMD (d). Tangaréa da Serra, MT, 2012/2013 harvest.

Table 3. Angular coefficients of the regression line between characteristics related to productivity and fiber
characteristics (HVI) in function of area below the severity progress curve of Ramularia spots on cotton (y = a+bx,
where y is damage and x is ABSPC).

Characteristics related Intercept Slope Coefficient of determination
to productivity (a) (b) (R
No. of bolls/plant 1.6418 0.0007 0.53™
Damage to productivity (tha‘l) 156.6140 1.1446 85.85**
Weight of 100 seeds 0.4068 -0.0023 16.02"
Fiber percentage 5.7084 -0.0058 0.78™
Fiber characteristics (HVI) Intercept (a) Slope (b) R?
Length 0.3173 -0.0005 3.03™
Uniformity Index 0.5262 -0.0007 3.86™
Resistance index 0.6591 -0.0019 53.17*
Stretching -0.0111 0.0001 2.09™
Micronaire 0.05326 0.00002 0.02"
Degree of yellowing -0.1504 0.0004 2.46"
Maturity 302.2838 2,975.1829 1.97™
Short fiber index -0.4657 0.00091 5.92"
Reliability index 115.0120 -0.2861 16.23"™

* and **Significant at 1 and 5%, respectively. "Not significant.

components, estimated by the same linear equation, are ABSPC on production components: number of bolls per
shown in Table 3. There was no significant relation of plant, weight of one hundred seeds and percentage of
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fiber.

The production component damage to productivity (kg
ha'l) suffered a significant interference of ABSPC, with a
coefficient of determination of 85.85%. There was
damage of 1 kgha’l by ABSPC unit of the ramularia spot
(Table 3). Polizel et al. (2008), evaluating 16 cotton
genotypes in Uberlandia, MG, in experimental field
conditions, found no significant correlation between
severity of ramularia spots and production.

As for fiber technological properties, there was a
significant relation only for fiber resistance, in which for
each ABSPC unit, there was a reduction of 0.0019 gf tex’
! However, the coefficient of determination was 53.17%,
which little explains what occurred (Table 3). Cia et al.
(2008), studying 16 cotton genotypes in various regions
of Brazil regarding resistance to multiple diseases,
including ramularia spots, did not identify a relation
between disease and quality of fiber.

Conclusions

The relation between ABSPC, damage in kilograms per
hectare and damage percentage was significant, and the
model y = a+bx may be used to estimate the damage to
these components in function of ABSPC. As for fiber
characteristics, the ABSPC of ramularia spots negatively
influenced only the resistance index.

Percentages of damage to productivity caused by
ramularia spots reached levels of up to 36.83% in
susceptible cultivars. Even in the cultivar with the highest
resistance to damage to productivity, percentages
reached levels up to 19.86%.
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