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a b s t r a c t

Ramularia leaf spot, caused by Ramularia areola, is responsible for premature defoliation of cotton,
resulting in potential reductions in yield. The objective of this study was to evaluate integrated control
using genotypes, a fungicide and Trichoderma asperellum to manage Ramularia leaf spot on cotton. In the
greenhouse, the resistance of eighteen genotypes was evaluated with two isolates of R. areola (IMA 244
and IMA 237). In field, the severity of Ramularia leaf spot was evaluated on cotton genotypes CNPA MT
2009-1381, CNPA GO 2007-419, BRS 293, BRS 372, CNPA GO 2008-1265 and FMT 701 treated or untreated
with a fungicide in Primavera do Leste, MT, Correntina, BA, and Santa Helena de Goi�as, GO, during the
2011e2012 season. The varieties BRS 293 and BRS 372 were sprayed with a fungicide or Trichoderma in
Sapezal, MT, during the 2012e2013 season, and the disease severity and fiber yield were evaluated.
Significant interactions were detected between Ramularia isolates and cotton genotypes; the lowest
disease severity was observed with IMA CD 05e8276 and CNPA GO 2007-419 genotypes. In the field tests,
the lowest disease severity was with variety BRS 372 and the highest was with BRS 293, when grown in
two different regions. The chemical fungicide and T. asperellum both reduced the disease severity in
cotton varieties BRS 372 and BRS 293; however, yields were not significantly affected. In conclusion, an
integrated strategy with the management tools of resistant varieties, fungicides and biocontrol agents
should be used to control Ramularia leaf spot on cotton.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Ramularia leaf spot, caused by Ramularia areola G. F. Atk., tele-
omorph Mycosphaerella areola Ehrlich & F.A. Wolf, is the most
important disease of cotton (Gossypium hirsutum) in Brazil
(Suassuna and Coutinho, 2007). Symptoms typically are primarily
on the lower parts of the plant and are characterized by white-blue
lesions on the under surface of leaves from which the fungus de-
velops white or yellow powdery sporulation (Bell, 1981). Ramularia
areola infects cotton leaves causing premature defoliation and a
reduction in photosynthetic capacity of the plants, with a conse-
quent reduction in the yield potential of different varieties. Aquino
et al. (2008a) found that the disease reduced fiber yield 49% in
Brazil. According to Rathaiah (1976), Ramularia leaf spot must be
, wagnerbettiol@gmail.com
managed, and varieties resistant to the pathogen are the cheapest
and most efficient method for disease control. Cia et al. (2009)
evaluated 18 cotton genotypes; 61% of the genotypes were
moderately or highly susceptible and 29% were moderately resis-
tant to Ramularia. In glasshouse conditions, Zandon�a et al. (2012)
found that a single dominant gene governed the resistance to
R. areola strain 44 in the genotypes CNPA BA 2003e2059 and FMT
02102996. Additionally, Aurangabadkar et al. (1981), Mukewar and
Mayee (2001) and Mukewar et al. (1995) demonstrated that some
cotton genotypes have immunity to R. areola.

Currently, chemical fungicides are the primary method for
control of Ramularia leaf spot in Brazil (Suassuna and Coutinho,
2007; Aquino et al., 2008a). Although Ramularia leaf spot is
controlled efficiently with fungicides, disease control alternatives
must be developed for integrated management. Because bio-
pesticides are an alternative to sustain high production with low
ecological impact, research in the development of biocontrol is
currently expanding exponentially (P�erez et al., 2015), with Tri-
choderma-based products the most important biofungicides used
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worldwide (Lorito et al., 2010). According to Bettiol et al. (2014),
Trichoderma is the most important commercialized biocontrol
agent and is it used for control of soilborne, foliar and postharvest
diseases in several crops (Harman et al., 2004; Harman, 2006; Woo
et al., 2006). This biocontrol agent protects plants by producing
antibiotics and enzymes, promoting plant growth, and inducing
plant defenses, in addition to increasing competition for nutrients
(Hermosa et al., 2012). Biofungicides efficiently control plant dis-
eases and are environmentally safe; however, although use is
expanding annually, the adoption by growers remains limited
(Bettiol, 2011). On cotton, the foliar application of Trichoderma
viride reduces the severity of Ramularia leaf spot when sprayed
alone or in combination with a fungicide (Duarte et al., 2007;
Freitas et al., 2007).

The aim of this study was to evaluate the integrated manage-
ment of Ramularia leaf spot on cotton with genotypes, a fungicide
and T. asperellum.

2. Materials and methods

2.1. Inoculum of R. areola

Dr. Rafael Galbieri (Instituto Matogrossense do Algod~ao - IMA)
provided isolates IMA 244 and IMA 237 of R. areola. The isolates
were grown on 20 mL of malt extract-agar 2% in plates (poly-
styrene, 90 � 10 mm), which were incubated for 7 d at 25 ± 2 �C
with 12 h of fluorescent light and 12 h of darkness. The conidia of
R. areolawere suspended in Tween 80 solutionwith sterile distilled
water (0.01% v/v), and the suspensions were filtered to remove
spore aggregates. Conidial concentrations were adjusted by he-
mocytometer, and dilutions were prepared with sterile Tween 80
solution (0.01% v/v) for inoculation of foliar tissues.

2.2. Assessment of cotton genotypes for Ramularia leaf spot
management

Ten seeds of cotton genotypes LD CV03, BRS 336, IAC 08-2031,
IMA CD 03-1661, IPR Jataí, DP 604 BG, Nuopal, FM 910, PRGOA 03-
231-04, BRS 2080, IAC 08/90, LD CV 12, FM 993, FMT 709, IMA CD
05e8276, FMT 705, CNPA GO 2006-174 and CNPA GO 2007-419
were sown in 1 L pots containing soil (red dystroferric lato-
soleoxisol with clayey texture) and substrate (composted pine
bark) (10:1). After emergence, two of the most vigorous seedlings
were selected and maintained in a screen house (25% light reduc-
tion) with a sprinkler system. The seedlings were watered twice
daily. Cotton plants were inoculated with a suspension of 1 � 106

conidia mL�1 of R. areola isolates IMA 244 and IMA 237 45 d after
sowing; the suspensions were sprayed (1.5 L Pre-Compressed hand
sprayere Tramontina-78610150, Carlos Barbosa, RS) on leaves until
runoff. Disease severity was evaluated 15, 20, 30 and 40 d after
inoculation. The evaluation of disease severity was based on a scale
of notes as follows: 0.05, 0.50, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0 and 67.20%
of Ramularia leaf spot (Aquino et al., 2008b). The means per plant
were used to calculate the area under the disease progress curve
(AUDPC) (Shaner and Finney, 1977; Madden et al., 2007). The
experiment was a completely randomized design with three rep-
licates that each consisted of 5 pots with two plants.

2.3. Integrated management of Ramularia leaf spot with cotton
genotypes and a chemical fungicide

The genotypes CNPA MT 2009-1381, CNPA GO 2007-419, BRS
293, BRS 372, CNPA GO 2008-1265 and FMT 701 were sown in
Primavera do Leste, Mato Grosso State, S~ao Desiderio, Bahia State,
and Santa Helena de Goi�as, Goi�as State, for the 2011e2012 crop
season. The experiments were performed twice in Primavera do
Leste, with seeds sown for both a first and a second season. The
treatment plots were sprayed with the fungicide Tetraconazole
(EmeraldR - FMC) at the rate of 0.5 L ha�1 and were compared with
untreated plots. The plants were sprayed with the fungicide 25, 40,
55, 70, 90, 105 and 120 d after emergence (DAE). A CO2 pressurized
backpack sprayer was used for spray the fungicide, with a two and
half meter long bar and a five spray nozzles type double fan TJ
110.02, spaced at 50 cm (Herbicat, Catanduva, SP). The disease
severity was assessed every two weeks, following Aquino et al.
(2008b), and these results were used to calculate the AUDPC. The
plots contained five-5 m rows spaced 0.9 m apart. The experiment
was arranged in a randomized block design with three replicates.
The disease severity was estimated for 50 plants from each of the
two central rows of each plot.

2.4. Integrated management of Ramularia leaf spot with cotton
genotypes, a chemical fungicide and Trichoderma asperellum

Based on the results of the experiments described above, the
genotypes BRS 293 and BRS 372 were cultivated in Sapezal, Mato
Grosso State, in the 2012e2013 crop season. The treatments were
either the fungicide Tetraconazole (EmeraldR) at the rate of
0.5 L ha�1 or the biocontrol agent T. asperellum (Quality WG e

Laborat�orio Farroupilha) at the rate of 0.1 kg ha�1, and treated plots
were compared with untreated plots. The plants were sprayed with
the chemical or biofungicide 25, 40, 55, 70, 90, 105 and 120 DAE.
The same sprayer describes before was used to spray the products.
The disease severity was assessed 40, 55, 70, 90, 105, 120 and 135
DAE. To evaluate disease severity and calculate the AUDPC, the
identical methodology was used as described previously. The plots
and the experimental design were also identical to those described
above.

2.5. Statistical analyses

The design of each experiment was a randomized block, which
was repeated three times. Data for disease severity were examined
using analysis of variance (ANOVA), and treatment means were
compared with Tukey's tests (P<0.05).

3. Results

3.1. Assessment of cotton genotypes for Ramularia leaf spot
management

Interaction was detected between cotton genotypes and
Ramularia isolates (P < 0.05). The genotypes LD CV 03, BRS 336, IAC
08-2031, IPR Jataí and IMA CD 03e1661 were the most susceptible
to both isolates, with AUDPC values between 385.9 and 541.8 when
inoculated with isolate IMA 244 and between 257.7 and 508.2 for
isolate IMA 237 (Table 1). The genotypes IMA CD 05-8276 and CNPA
GO 2007-419 had higher resistance to R. areola strains IMA 237 and
IMA 244 (Table 1) than that of the other genotypes. The AUDPC
values for IMA CD 05-8276 were 5.2 and 11.5 when inoculated with
strains IMA 237 and IMA 244, respectively. For the genotype CNPA
GO 2007-419, the AUDPC values were 13.2 and 17.8, respectively,
when inoculated with these two Ramularia strains.

3.2. Integrated management of Ramularia leaf spot with cotton
genotypes and a chemical fungicide

In the assay performed in S~ao Desid�erio, the genotype CNPA GO
2008-1265, untreated with the fungicide, had the lowest severity
rating when compared with that of the other genotypes (Table 2).



Table 1
Area under the disease progress curve of Ramularia leaf spot in cotton genotypes
inoculated with Ramularia areola isolates IMA 244 or IMA 237 in screen house.

Genotype IMA 244 IMA 237

LD CV 12 181.8gB 221.4deA
CNPA GO 2006-174 155.9gA 116.7hB
FM 993 193.4gA 179.5fgA
IAC 08/90 214.1fgA 200.4efA
Nuopal 242.8efA 221.6deA
PRGOA 03-231-04 184.4fgB 252.2cdA
DP 604 BG 277.7deA 252.7cdA
FMT 709 28.1iB 41.3iA
FM 910 95.5hB 214.0eA
BRS 2080 332.6cdA 162.3gB
IMA CD 05-8276 11.5iA 5.2jB
CNPA GO 2007-419 17.8iA 13.2ijB
IPR Jataí 541.8aA 380.3bB
LD CV 03 480.3bA 508.2aA
BRS 336 385.9cA 366.1bA
IAC 08-2031 539.2aA 487.3aB
IMA CD 03-1661 523.6abA 257.7cB
FMT 705 22.3iA 148ijB
CV (%) 9.17 5.6

Mean values with the same lowercase letters in the columns and the same upper-
case letters in the line are not significantly different according to Tukey's test
(P < 0.05).

Table 2
Area under the disease progress curve (AUDPC) of Ramularia leaf spot in cotton
genotypes treated or untreated with the chemical fungicide* in S~ao Desiderio, Bahia
State and in Santa Helena de Goi�as, Goi�as State, in field conditions (2011/2012 crop
season).

S~ao Desiderio

Genotype AUDPC

Treated Untreated

CNPA MT 2009-1381 55.5aA 58.2abA
CNPA GO 2007-419 20.7bA 67.5aA
BRS 293 15.8bB 83.0aA
BRS 372 14.4bA 39.6abA
CNPA GO 2008-1265 15.6bA 11.4bA
FMT 701 15.8bB 63.2aA
Average 22.98 53.81
Santa Helena de Goi�as
CNPA MT 2009-1381 37.3cB 100.3cA
CNPA GO 2007-419 17.5cA 12.8cA
BRS 293 697.7aB 1082.7aA
BRS 372 21.0cA 18.7cA
CNPA GO 2008-1265 37.3cA 53.7cA
FMT 701 394.3bB 627.7bA
Average 200.86 315.97

Mean values with the same lowercase letters in the columns and the same upper-
case letters in the line are not significantly different according to Tukey's test
(P < 0.05). *Fungicide: Tetraconazole (Emerald - FMC at the rate of 0.5 L ha�1).

Table 3
Area under the disease progress curve (AUDPC) of Ramularia leaf spot in cotton
genotypes treated and untreatedwith the chemical fungicide* in Primavera do Leste,
Mato Grosso State (2011/2012 first and second seasons), in field conditions.

First season 2011/2012

Genotype AUDPC

Treated Untreated

CNPA MT 2009-1381 67.2cB 209.4cA
CNPA GO 2007-419 87.2cB 397.2cA
BRS 293 949.5aB 3203.5aA
BRS 372 88.3cA 132.3cA
CNPA GO 2008-1265 43.4cB 182.1cA
FMT 701 685.8bB 2550.3bA
Average 320.23 1112.46
Second season 2011/2012
CNPA MT 2009-1381 45.7cdA 112.1cA
CNPA GO 2007-419 86.5bA 123.9cA
BRS 293 974.5aB 2305.6aA
BRS 372 81.1bcA 86.3cA
CNPA GO 2008-1265 37.4dA 82.2cA
FMT 701 990.3aB 1777.3bA
Average 369.26 747.89

Mean values with the same lowercase letters in the columns and the same upper-
case letters in the line are not significantly different according to Tukey's test
(P < 0.05). *Fungicide: Tetraconazole (Emerald - FMC at the rate of 0.5 L ha�1).
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When plants treated with the fungicide were compared with those
untreated for the different genotypes, only genotypes BRS 293 and
FMT 701 responded significantly to fungicide application (Table 2).

In Santa Helena de Goi�as, the genotypes CNPAGO 2007-419, BRS
372 and CNPA GO 2008-1265 had the lowest AUDPC values, and
these genotypes were not significantly affected by treatment with
tetraconazole. This response indicated that these genotypes were
tolerant to the disease (Table 2). However, for genotypes BRS 293
and FMT 701, the disease severity was much higher and increased
even more in untreated plants than in those treated with the
fungicide.

In the trial performed in Primavera do Leste, only the disease
severity of genotype BRS 372 was not significantly different be-
tween fungicide treated and untreated plots during the first season.
The genotypes CNPA MT 2009-1381, CNPA GO 2007-419, CNPA GO
2008-1265, BRS 293 and FMT 701 had the lowest ratings of disease
severity when treated with the fungicide (Table 3). Therefore,
fungicide application in combination with tolerant germplasm
usually contributed to a reduction in the severity of the disease.
However, without the fungicide, significantly higher values of
AUDPC were observed with the genotypes BRS 293 and FMT 701. At
this site, when the experiment was repeated for a second season,
for the genotypes CNPA MT 2009-1381, CNPA GO 2007-419, BRS
372 and CNPA GO 2008-1265, no significant differences were
detected in disease severity between the plants treated and un-
treated with the fungicide (Table 3). The genotype CNPA GO 2008-
1265 had lowest AUDPC values in both treated and untreated plots,
whereas the highest disease severities were observed for genotypes
BRS 293 and FMT 701, with AUDPC values that varied from 2305.6
to 1777.3 in untreated plots.
3.3. Integrated management of Ramularia leaf spot with cotton
genotypes, a chemical fungicide and Trichoderma asperellum

Based on the results described above, selected two were geno-
types for this study: one susceptible to Ramularia leaf spot, BRS
293, and one resistant to the disease, BRS 372 (Tables 2 and 3).
Based on analysis of the AUDPC values, the interaction genotype x
treatment was significant (P < 0.05). Moreover, the applications of
the chemical fungicide and T. asperellum reduced the AUDPC values
as compared with those in untreated plots, but the reduction in the
severity of the disease with the fungicide was higher than that with
Trichoderma (Fig. 1). Additionally, the severity of the disease was
significantly different between genotypes, with the genotype BRS
372 more resistant to Ramularia leaf spot (Fig. 1). When the
fungicide or T. asperellum was sprayed, the both AUDPC values
decreased significantly. For genotype BRS 372, no significant effect
of either chemical or biological control was observed on disease
severity (Fig. 1). However, for BRS 293, the chemical fungicide and
biocontrol agent significantly reduced the severity of the disease
(Table 4, Fig. 1). Therefore, we verified that the severity of this
disease could be reduced using varieties tolerant or resistant to
Ramularia leaf spot in combination with another control method,
such as biological control or a chemical fungicide. The low severity
of the disease in variety BRS 372 did not allow for that large



Fig. 1. Severity of Ramularia leaf spot on cotton treated and untreated with a
biocontrol agent (Trichoderma asperellumeQuality WG e Laborat�orio Farroupilha) or
treated and untreated with the chemical fungicide (Tetraconazole e Emerald, FMC) in
Sapezal, Mato Grosso State, in field conditions (2012/2013 crop season). The severity
was evaluated every two weeks, according on a scale of notes (0.05, 0.5, 1.0, 2.0, 4.0,
8.0, 16.0, 32.0 and 67.2% of Ramularia leaf spot) (Aquino et al., 2008b). 1 ¼ 40, 2 ¼ 55,
3 ¼ 70, 4 ¼ 90, 5 ¼ 105, 6 ¼ 120, and 7 ¼ 135 days after emergence.

Table 4
Area under the disease progress curve (AUDPC) of Ramularia leaf spot and fiber yield
(kg plot�1) for cotton genotypes treated and untreated with the chemical fungicide
or Trichoderma asperellum in Sapezal, Mato Grosso State, in field conditions (2012/
2013 crop season).

Treatment
AUDPC Fiber yield (kg plot�1)

BRS 293 BRS 372 BRS 293 BRS 372

Untreated 2322.2aA 157.4aB 2.83aB 3.92aA
Trichoderma* 1806.2bA 136.7bB 2.55aB 3.64aA
Tetraconazole** 1307cA 66.8cB 2.99aB 3.79aA
CV 7.3 6.6

Mean values with the same lowercase letters in the columns and the same upper-
case letters in the line are not significantly different according to Tukey's test
(P < 0.05). *T. asperellum (Quality WGe Laborat�orio Farroupilha) at the rate of
0.1 kg ha�1. **Emerald - FMC at the rate of 0.5 L ha�1.
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differences between treatments but still significant effects attrib-
utable to treatments with the fungicide or T. asperellum were
observed (Table 4). However, for variety BRS 293, tetraconazole and
T. asperellum spray decreased the AUDPC values by 43.7% and 22.2%,
respectively. While for fiber yield no significant differences were
observed between the sprayed products and the control. The pro-
duction of cultivar BRS 372 was 0.8e1.09 kg/plot more than that of
BRS 293, depending on the treatment (Table 4).

4. Discussion

Several authors have described the resistance and susceptibility
of cotton to Ramularia leaf spot (Lima et al., 2010; Cia et al., 2008,
2014). In this study, were observed significant interactions be-
tween genotype and chemical fungicide and biofungicide treat-
ments. Thus, based on our data, to reduce the severity of Ramularia
leaf spot, the disease must be managed using tolerant or resistant
varieties in association with another control method, such as bio-
logical control or a chemical fungicide.

An interaction between genotypes and Ramularia isolates was
also observed in this study (Table 1), which is consistent with the
results of several authors who also found interactions between
cotton genotypes and isolates of Ramularia. Rathaiah (1976)
suggested that the aggressiveness of R. areola isolates is variable,
and Cia et al. (2013) observed variability in the pathogen from two
different regions in Brazil. As observed by Pezenti et al. (2013), the
genotypes CNPA BA-2003-2059 and FMT 02102996 were suscep-
tible when inoculated with isolates 13.2, 17.5 and 58.4 of R. areola;
however, these genotypes showed resistancewhen inoculatedwith
the other isolates. In this study, the genotypend FMT 709 was
resistant to two Ramularia isolates (IMA 244 and IMA 237) and that
the genotypes BRS 336 and IAC 08 2031 were susceptibles (Table 1).
Cia et al. (2008, 2014) observed that these three genotypes (i.e., IAC
08 2031, FMT 709, and BRS 336) were resistant. Therefore, as these
results indicate, it is important to examine several isolates of
R. aureola in the selection of germplasm (Girotto et al., 2013). Cia
et al. (2014) highlight the potential risk of using susceptible geno-
types in environments favorable to this disease.

For all the genotypes evaluated (CNPA MT 2009-1381, CNPA GO
2007-419, BRS 293, BRS 372, CNPA GO 2008-1265 and FMT 701) in
the three regions, the importance of the chemical fungicide to
control the disease was demonstrated (Tables 2 and 3). Disease
severity was always lower in plots sprayed with tetraconazole than
in those untreated, and for susceptible varieties, the difference in
AUDPC values was more evident. However, for resistant varieties,
although the disease was less severe in the plots treated with the
fungicide, generally, the difference was not statistically significant
(Tables 2 and 3). These results are consistent with those observed
by Suassuna and Coutinho (2007) and Aquino et al. (2008a), with
these authors recognizing the importance of chemical control to
manage this disease.

In the assays we made to evaluate the integrated management
of Ramularia leaf spot with cotton genotypes (BRS
293esusceptible; BRS 372eresistant), a chemical fungicide and
T. asperellum, the chemical fungicide and Trichoderma significantly
reduced the AUDPC values for both genotypes. However, the
chemical fungicide was more effective than T. asperellum in con-
trolling the disease, which was unexpected because the Tricho-
derma isolate used in this study is recommended for control of
soilborne plant pathogens. However, we must consider that Tri-
choderma isolates have different mechanisms of action (Hermosa
et al., 2012). This report is possibly the first in Brazil to demon-
strate the efficiency of T. asperellum under field conditions for the
control of Ramularia leaf spot.

In conclusion, integrated management, with an emphasis on the
strategies of adopting resistant cotton varieties and spraying fun-
gicides and biocontrol agents such as T. asperellum, is desirable for
efficient control of Ramularia leaf spot on cotton.
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