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ABSTRACT 
Ramulosis is a serious disease affecting cotton crops in Brazil. Control is often based on the use of chemical fungicides. Aiming to study 
an alternative form of control, we assessed the curative and preventive effects of citronella (Cymbopogon citratus (DC) Stapf.) oil in 
cotton plants based on epidemiological components, in controlled conditions. Trials were conducted with the susceptible cv. ‘BRS 8H’ 
and Collethotrichum gossypii var. cephalosporioides (strain Cgc 287) at 1.0 × 106 conidia mL-1. Citronella oil was used at a concentration 
of 2000 SI. Assessment of the incidence and severity of ramulosis was based on Initial Disease Index (IDI), Final Disease Index (FDI), 
Disease Progress Rate (DPR) and Area Under Disease Progress Curve (AUDPC). In the curative treatment, citronella oil showed a limited 
effect at the concentration used but in the preventive aspect, the FDI in cotton plants was reduced providing more protection to them 
against the fungus severity. 
_____________________________________________________________________________________________________________ 
 
Keywords: Collethotrichum gossypii, crop protection, epidemiology, Essential oil, fungicide, Gossypium hirsutum 
Abbreviations: AUDPC, Area Under Disease Progress Curve; DPR, Disease Progress Rate; FDI, Final Disease Index; IDI, Initial 
Disease Index 
 
 
INTRODUCTION 
 
Ramulosis (Colletotrichum gossypii South. var. cephalospo-
rioides) is one of the main fungal diseases occurring in cot-
ton crops. Damage occurs to the entire plant, with greater 
harm caused to young plants, as the terminal shoots may 
become re-infected and raise the degree of physiological 
damage stemming from the reduction in vegetative growth 
(Cia and Salgado 2005). Losses incurred by the disease may 
reach 80% or more, depending upon the susceptibility of 
the cultivar, the age of the affected plant and climatic condi-
tions (Freire et al. 1997; Suassuna and Coutinho 2007). Pro-
ductivity, weight of the boll, length and thickness of the 
fiber and weight of the seeds are the most affected charac-
teristics in cotton crops (Carvalho et al. 1984). 

The main control method is by sowing of healthy seeds 
or treatment of seeds with fungicides, as the availability of 
commercial cultivars with ample resistance to the disease is 
limited. Regarding the efficiency of chemical fungicides in 
the control of the disease, the use of such products by far-
mers is at times performed without criteria or sufficient 
technical information, causing harm to human health and 
the environment as well as favoring the emergence of new 
populations of fungus that are resistant to the product used. 

In recent years, the intensification of health concepts 
among society in an effort to find healthier alternatives in 
agriculture while preserving the environment has promoted 
a more ecological form of agriculture management, thereby 
minimizing the use of synthetic chemical products (Bird et 
al. 1990). Alternative control is understood as the integra-
tion of non-polluting measures applied in a preventive fa-
shion with the aim of reducing the intensity of disease while 
increasing production, productivity and the quality of the 
agricultural products. Such methods stress the deployment 
of cultural, mechanical, physical, legislative, biological and 
genetically resistant tactics aimed at prevention and reduc-

tion in the intensity of diseases (Paula Júnior et al. 2005). 
Among plant compounds, essential oils have the great-

est biological application as anti-microbial agents. This is 
an extension of the very role they exercise in plants, defen-
ding them from pathogenic bacteria and fungus. There are a 
number of reports on the performance of these compounds 
in the control of phytopathogens, inhibiting the growth and 
germination of fungus in small concentrations of the vegetal 
extracts. With cotton, however, such studies are scarce. 
Considering the economic importance of this crop to Brazil, 
such studies are relevant. They may reveal alternative forms 
of control, thereby minimizing production costs (Valarini et 
al. 1994). 

The aim of the present study was to assess the curative 
and preventive effect of citronella (Cymbopogon citratus 
(DC) Stapf) oil in the control of ramulosis in cotton crops 
based on epidemiological components. 

 
MATERIALS AND METHODS 
 
Planting and inoculation of seedlings 
 
Cleaned and disinfected cotton seeds from susceptible cv. ‘BRS 
187’ (‘CNPA 8H’), provided by Embrapa Algodão (Campina 
Grande, PB, Brazil), were used. The C. gossypii var. cephalospori-
oides (Strain Cgc 287) was obtained from cv. ‘BRS Aroeira’ from 
Montvidiu, GO, Brazil, with symptoms of the disease. Leaf frag-
ments with symptoms were sterilized with 1.5% sodium hypochlo-
rite, placed in BDA and incubated at 25�C for one week. Later, 
Koch’s postulates were confirmed, with the re-inoculation and re-
production of the symptoms. 

The citronella essential oil was provided by the Chemical 
Department (UFRPE). The aerial parts were submitted to hydro-
distillation for 2 h and the oils were collected by a modified me-
thodology. 

Cotton seeds were sown in plastic containers (8 L capacity) 
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containing previously sterilized and fertilized Latosoil soil, main-
taining five plants per pot. The trial was carried out in a green-
house of the Agronomy Department of the Universidade Federal 
Rural de Pernambuco (UFRPE), during middle winter, from July 
to September 2006. Average daily and nightly temperatures and 
relative humidity of the air during the experiment were 28�C, 
19�C and 85%, respectively. At 25 days after planting, when plants 
exhibited ca. four definitive leaves, the treatments were differenti-
ated as to preventive and curative effects of citronella oil for the 
incidence and severity of ramulosis. The preventive effect of the 
oil was compared to the preventive effect of the fungicide thiopha-
nate-methyl (Cercobin 500 SC, Iharabras, Sorocaba, SP, Brazil). 

The concentration of fungus suspension used in all treatments 
was 1.0 × 106 conidia mL-1. As for citronella oil, the concentration 
used was 2000 SI, based on previous trials carried out at the 
Mycology Laboratory of the UFRPE (Table 1, Fig. 1). The fol-
lowing treatments were employed: 1 – Plants inoculated with a 
conidia suspension (control); 2 – Plants inoculated with the fungus 
and previously treated with citronella oil (curative treatment); 3 – 
Plants treated with citronella oil and later inoculated with the fun-
gus (preventive treatment with oil); and 4 – Plants treated with 
fungicide and later inoculated with the fungus (preventive treat-
ment with fungicide). 

Curative treatment was carried out at 28 days following plan-
ting, three days after inoculation, when plants exhibited the first 
symptoms. The plants of the preventive treatment (Treatments 3 
and 4) were treated with citronella oil or with a thiophanate-
methyl–based fungicide (5 g of the commercial product/L of water, 
following the manufacturer’s recommendations) 25 days after 
planting. Twenty-four hours later, the plants were inoculated with 

the conidia suspension and placed in a humidity chamber for 72 
hours. An entirely randomized experimental design was used, with 
five replications. 
 
Incidence and severity of ramulosis 
 
Evaluations were performed at three-day intervals after inocula-
tion, during thirty days. The following epidemiological compo-
nents were calculated: 

a) Initial Disease Index (IDI): The scoring was done at 28 
days after emergence, calculated according to McKinney (1923) 
by the formula: IDI = Sum of grades × 100/ Total number of leaves 
assessed × maximum disease grade. Scores for the disease severity 
were graded on a numerical rating scale ranging from 0 to 4; 

b) Final Disease Index (FDI): The scoring was done at 55 
days after emergence, calculated as described above, to IDI; 

c) Disease Progress Rate (DPR), estimated by the b para-
meter from a simple linear regression equation. The linear model 
was chosen based on the highest determination coefficient of the 
regression (R2) for reciprocity between observed and predicted 
values of the disease incidence as well as the low residual mean 
square error and absence of undesirable tendencies in the residual 
plot graph for most curves; 

d) Area Under the Disease Progress Curve (AUDPC), calcu-
lated by the expression: 
 
 n 
� [(yi + yi + 1)/2]dti 
i=1 
 
where n = number of assessments, yi and yi + 1 = severity values 
observed in two consecutive evaluations and dti = interval between 
evaluations (Shaner and Finney 1977). 

The data were transformed into �(x + 0.5) and submitted to 
analysis of variance. Averages were compared by the Tukey test, at 
the 5% probability level. The SAEG program (Statistical and Gen-
etic Analysis Systems, Universidade Federal de Viçosa, MG, Bra-
zil, 2003) was used. 
 
RESULTS AND DISCUSSION 
 
In this work, we assessed the curative and preventive effect 
of citronella (Cymbopogon citratus) oil in the control of ra-
mulosis in cotton plants based on epidemiological compo-
nents. After inoculation of plants in greenhouse, the initial 
appearance of fungus symptoms occurred three days fol-
lowing inoculation and was characterized by the emergence 
of necrotic spots on the leaves and petioles, with a predo-
minance of spots on younger leaves. Later, a shortening of 
the internodes, death of the apical bud and overbudding 
were observed. No phytotoxic effect of the oil was observed 
on the plants at the concentration used. 

Table 2A displays the epidemiological components of 
the disease obtained in the curative treatment. Statistically 
significant differences were observed for to Area Under of 
Disease Progress Curve (AUDPC) and Disease Progress 
Curve (DPR), both of which were greater in the control. 
The Final Disease Index (FDI) was high for both treatments 

Table 1 Rates of mycelial growth, germination and sporulation inhibitions of C. gossypii var. cephalosporioides obtained under different concentrations 
of essential oils from six different botanical species. 
Botanical species Mycelial growth Germination Sporulation 
 SI IT (%) SI IT (%) SI IT (%) 
Piper marginatum 500 92.5 ± 1.23 2500 41.4 ± 0.96 2500 48.1 ± 0.96 
Lippia gracillis 1500 93.1 ± 1.05 2500 72.4 ± 1.01 2000 93.2 ± 1.56 
Cymbopogus nardus 1500 94.3 ± 1.32 1000 96.2 ± 1.21 1000 100.0 ± 0.01 
Eucalptus citriodora 2500 87.2 ± 0.96 2500 91.7 ± 0.89 2000 98.1 ± 1.22 
Malpighia glabra 2500 41.7 ± 2.24 2500 41.7 ± 1.36 2500 59.4 ± 1.58 
Hibiscus cannabinus 2500 22.2 ± 0.86 2500 6.1 ± 0.69 2500 5.4 ± 0.86 
CV (%)  16.23  10.2  12.4 

IT, Inhibition rate; CV, Coefficient of Variation 
NOTE: Synthesis of a previous in vitro assay carried out in the Mycology Laboratory at the Agronomy Department of UFRPE using six different essential oils at 500, 1000, 
1500, 2000 and 2500 SI. Each oil was mixed with 20 ml PDA broth (45-50°C) and laid in a Petri dish. An 8 mm diameter disc containing C. gossypii var. cephalo-sporioides 
mycelia in solid PDA broth was cut from the periphery of the growth area and placed top-face down on the centre of the Petri dish and properly incubated. This table simply 
displays the best results at each oil concentration. 

Fig. 1 Mycelia growth of C. gossypii var. cephalosporioides under dif-
ferent concentrations of citronella oil. A, control; B, 1500 SI; C, 1000 
SI; D, 500 SI; E, 2000 SI; F, 2500 SI. 
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and these results were favored by the temperature (28 ± 
2°C) and humidity (85 ± 5%) conditions, which were favo-
rable to the fungus development. Carvalho et al. (1971) stu-
died the physiology of C. gossypii var. cephalosporioides 
using strains collected in cotton plants from the Brazilian 
Cerrado and reported maximum fungal growth at 28°C. Ac-
cording to authors, under 15°C and above 33°C, fungus 
growth was greatly reduced. In Viçosa, MG (Brazil), Santos 
et al. (1994) found an increase in the incidence of ramulosis 
under field conditions at 81 days after emergence when re-
lative humidity and minimum temperature reached maxi-
mum values of 90% and 18°C, respectively. The paralysis 
of the disease coincided with the scarcity of rains and with a 
reduction in temperature to 12.8°C, thereby demonstrating 
that these climatic variables are important to the develop-
ment of the disease. Maximum severity of the disease was 
equal for all treatments at 81 days. 

Considering these results and the volatility of the essen-
tial oils of the plants, a new application of the product 
before this 81-day period could theoretically imply a lower 
FDI than that found in the control treatment. Based on 
showed data, however, the citronella oil applied for curative 
purpose had a limited effect at the concentration used (2000 
SI) (Table 2A, Fig. 2). This may be a consequence of the 
oil failing to act upon the fungal structures in the interior of 
the vegetal tissue, thereby contributing toward raising the 
FDI. The DPR obtained (3%) was very low in comparison 
to the control (73%), indicating that disease progressed very 
slowly in the plants treated with citronella oil. According to 
Parlevliet (1979), a low Disease Progress Rate (DPR) im-
plies a greater time for the disease to reach epidemic levels, 
thereby characterizing the behavior of the plants as having 
high horizontal resistance. 

It was not possible to assess the incubation period (IP) 
and initial disease index (IDI) for the curative treatment, as 

the treated plants exhibited similar behavior to the control. 
In both cases, the symptoms began to appear on the third 
day following inoculation, soon after removal from the hu-
midity chamber. 

Table 1B displays the epidemiological components ob-
tained during the preventive treatment trial. Statistically sig-
nificant differences were observed between the treatments 
and the control for IP and DPR. The values obtained for 
AUDPC, IDI and FDI in the treatment with citronella were 
lower than those obtained with the fungicide. This means 
that, despite DPR was statistically similar for both citronella 
oil and fungicide treatments, the FDI of oil-treated plants 
was lower than those of fungicide, which exhibited a grea-
ter disease severity and, consequently, a greater AUDPC. 

Table 2 Epidemiological components evaluated in curative (A) and preventive (B) treatments of ramulosis with citronella oil. 
A: Curative treatment 
Treatment AUDPC FDI (%) DPR (%) 

Curative 67.76 ± 1.36 a 98.00 ± 2.73 a 3.00 ± 0.03 a 
Control 72.62 ± 2.15 b 100.00 ± 0.01 a 73.00 ± 0.01 b 
CV (%) 22.46 20.76 19.57 

Area Under the Disease Progress Curve (ABDPC), Final Disease Index (FDI), Disease Progress Rate (DPR). Means with the same letters are not significantly different 
according to Tukey’s test (P�0.05). CV, Coefficient of Variation 

B: Preventive treatment 
Treatment AUDPC IP IDI (%) FDI (%) DPR (%) 

Preventive 5.98 ± 0.65 a 2.00 ± 0.45 a 1.00 ± 0.09 a 11.00 ± 1.65 a 71 ± 0.05 a 
Fungicide 16.64 ± 1.25 b 4.73 ± 0.85 a 8.00 ± 0.45 b 20.00 ± 2.15 b 71 ± 0.36 a 
Control 72.62 ± 0.96 c 5.32 ± 1.65b 50.00 ± 1.45 c 100.00 ± 0.01 c 73 ± 0.45 b 
CV (%) 26.20 12.21 17.97 26.60 29.89 

Area Under the Disease Progress Curve (AUDPC), Incubation Period (IP), Initial Disease Index (IDI), Final Disease Index (FDI), Disease Progress Rate (DPR). Means with 
the same letters are not significantly different according to Tukey’s test (P�0.05). CV, Coefficient of Variation. 

Fig. 2 Plants inoculated with the fungus and later treated with citro-
nella oil (curative treatment). 

Fig. 3 Plants treated with citronella oil and later inoculated with the 
fungus (preventive treatment). 

Fig. 4 Plants treated with fungicide and later inoculated with the fun-
gus (preventive treatment). 
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This finding is highly relevant to the alternative control of 
ramulosis and opens new horizons for further investigations 
regarding its efficiency and economic advantages under 
natural field conditions. A detail of plants submitted to pre-
ventive treatments are shown in Figs. 3, 4. 

Total production of floral buds during trial period was 
also recorded in both curative and preventive treatments. 
The number of buds in plants submitted to citronella oil in 
preventive treatment was statistically similar to those 
fungicide-treated plants (P�0.05, Table 3), with an average 
yield increase of 78 % in relation to control. Considering 
only treatments with citronella oil, the increase in the 
number of floral buds due to preventive and curative 
treatment was 87% and just 4%, in comparison to the 
control, respectively. 

The potential of citronella oil for pest control has been 
largely studied by several researchers, p.ex. in Tetranychus 
urticae (Acari:Tetranychidae) and Phytoseiulus persimilis 
(Acari: Phytoseiidae) (Choi et al. 2004), in Hyadaphis foe-
niculi Passerini (Hemiptera: Aphididae) (Abramson et al. 
2006), in Culex pipiens quinquefasciatus (Diptera: Culici-
dae) (Yang et al. 2005), etc. As to its potential for disease 
control, some tests performed with fungi showed expressive 
results as seen in Thanaboripat et al.’s (2004) study which 
reported that citronella oil at 0.2% (v/v) inhibited the 
growth of Aspergillus flavus IMI 242684 on PDA for 21 
days; Goubran and Holmes (1993) reported fungicidal pro-
perties of citronella oil at concentrations of 1900–2000 
mg/L (0.19–0.20% v/v) against Monilia and Rhizopus and 
Somda et al. (2007) evaluated the inhibitory activity of cit-
ronella (lemongrass), Eucalyptus camaldulensis (eucalyp-
tus) and Azadirachta indica (neem) against Colletotrichum 
graminicola, Phoma sorghina and Fusarium moniliforme in 
naturally infected sorghum seeds. Authors reported that an 
aqueous extract of citronella exhibited the best control ef-
fect on seed infection by C. graminicola and P. sorghina 
and infections by both fungi were significantly reduced by 
more than 60% when using a 15% concentration and by 
100% when using a 30% concentration of citronella. Ac-
cording to the authors, citronella extract did not affect seed-
ling development. 

Considering these aspects and the findings found out in 
this paper regarding the epidemiological components, citro-
nella oil constitutes an interesting alternative in the preven-
tive control of cotton ramulosis. Nowadays, cotton has as-
sumed an important role in the Brazilian agricultural eco-
nomy, mainly in the Cerrado region (Freire 2007). Due to 
the high levels of precipitation that occurs in this region, 
problems with fungal diseases often takes place, especially 
with ramulosis, that spreads in several areas where cotton is 
grown. The damage provoked to the cotton field is high, 
over than 60% in losses (Freire et al. 1997). The control is 
often made by chemical products which enhances signifi-
cantly the production cost. The further perspective of ap-
plication of this oil in a integrated disease management stra-
tegy could be advantageous, as they are economically via-
ble, environmentally safe and socially acceptable. 

Trials in field are in progressing in order to validate 

these results, along with cost/benefit analysis to estimate the 
viability of the method for the further use by the growers. 
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Table 3 Average of bud productions from cotton plants submitted to 
curative and preventive treatment with citronella oil and fungicide. 
Treatment Bud Numbers * % in relation to control
Preventive-Oil 8.6 ± 0.54 a 87 
Preventive-Fungicide 7.8 ± 1.03 a 69 
Curative-Oil 4.8 ± 0.65 b 4 
Control 4.6 ± 0.55 b - 
CV (%) 11.7 - 

*Original data transformed in �(X + 0.5). Means with the same letters are not 
significantly different according to Tukey’s test (P�0.05). CV, Coefficient of Vari-
ation. 
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