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RESUMO GERAL 

A introdução de uma cultura agrícola em uma nova região de cultivo requer o 
conhecimento prévio dos agentes bióticos e abióticos que podem interferir no 
desempenho da cultura neste novo local. O meloeiro, Cucumis melo L., vem 
expandindo sua área cultivada no cerrado do Tocantins, contudo não há relatos do 
impacto dos serviços de polinização efetuados pelas abelhas, da influência do 
controle fitossanitário e da época de cultivo no desempenho produtivo desta 
olerícola. Portanto, os estudos aqui realizados foram conduzidos com o objetivo de 
fornecer informações para a implementação do manejo sustentável de meloeiro 
cultivado no Cerrado com vistas à preservação dos polinizadores e sua interação 
com o manejo de fitopatógenos. As investigações aqui relatadas são divididas em 
três capítulos. No primeiro capítulo foi avaliada a diversidade de abelhas, seus 
comportamentos de forrageio e os períodos de visitação às flores, além de sua 
contribuição potencial no desempenho de seis cultivares de meloeiro. No segundo 
capítulo foi verificado se a qualidade da polinização é afetada após a aplicação de 
quatro tratamentos contendo pesticidas (inseticida, fungicida, mistura 
inseticida/fungicida e inseticida botânico). Por fim, o terceiro capítulo verificou qual a 
melhor época (seca, chuvosa ou transição) de cultivo do meloeiro baseada na 
incidência e severidade do crestamento gomoso (Didymella bryoniae), principal 
doença da cultura. Cinco espécies de abelhas (Apis mellifera, Halictus sp., Plebeia 
sp., Trigona pallens e T. spinipes) foram identificadas visitando as flores das 
cultivares estudadas no período da manhã. Todas as espécies de abelhas 
apresentaram potencial polinizador devido uma correlação moderada entre a 
intensidade da visitação de abelhas e peso dos frutos. A aplicação de inseticida 
sintético e botânico afetou negativamente a qualidade da polinização, com a 
produção de frutos de menor peso e menor número de frutos por planta, 
respectivamente. Os menores níveis de incidência e severidade do crestamento 
gomoso foram observados na estação seca. Para que a produção de melão no 
Cerrado brasileiro seja viável é necessário que as práticas agrícolas favoreçam a 
presença e manutenção das abelhas nas proximidades das áreas de cultivo e que a 
integração de táticas de manejo integrado de fitopatógenos sejam implementadas. 
 
 

Palavras-chave: Cucumis melo; polinização; manejo integrado de doenças 
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ABSTRACT GERAL 

Phytosanitary issues for sustainable production of muskmelon in the Tocantins State 
 
The introduction of a crop in a new growing region requires prior knowledge of biotic 
and abiotic agents that can interfere with the performance of the culture in this new 
location. The muskmelon, Cucumis melo L., has been expanding its acreage in 
Cerrado areas of Tocantins State, however there are no reports of the impact of 
pollination services performed by bees, the influence of phytosanitary control and the 
growing season in the productive performance of this vegetable crop. This study was 
conducted in order to provide information for the implementation of sustainable 
management of melon grown in the Cerrado with a view to the preservation of 
pollinators and their interaction with the management of plant pathogens. The studies 
presented here are divided into three chapters. In the first chapter it evaluated the 
diversity of bees, their behavior and foraging periods of visitation to flowers, as well 
as their potential contribution in the performance of six cultivars of melon.In the 
second chapter it was verified that the quality of pollination is affected after 
application of four treatments containing pesticide (insecticide, fungicide, insecticide 
mixture / fungicide and botanical insecticide). Finally, the third section was found that 
the best time (dry, wet or transition) of melon cultivation based on the incidence and 
severity of gummy stem blight (Didymella bryoniae). Five species of bees (Apis 
mellifera, Halictus sp., Plebeia sp., Trigona pallens and T. spinipes) were identified 
visiting the flowers of cultivars in the morning. All species of bees showed potential 
pollinator because a moderate correlation between the intensity of visitation bees and 
fruit weight. The application of synthetic botanical insecticide and adversely affected 
the quality of pollination to fruit production of lighter weight and fewer fruits per plant, 
respectively. The lower levels of incidence and severity of gummy stem blight were 
observed in the dry season. For the melon production in the Brazilian Cerrado 
feasible it is necessary that agricultural practices favor the presence and 
maintenance of bees in the vicinity of crop areas and the integration of integrated 
pest management tactics are implemented. 
 
Keywords: Cucumis melo; pollination; integrated pest management 
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1  INTRODUÇÃO GERAL 

 
O Estado do Tocantins é considerado o novo polo agrícola brasileiro. Possui 

área agricultável de 13.825.070 hectares, o que corresponde a 50,25% da superfície 

total do Estado. Aliadas a essa disponibilidade de área, pode-se citar a topografia 

plana, um maior período de insolação, solos fertéis, recursos hídricos abundantes e 

duas estações climáticas definidas (Tocantins 2014). Essas características 

edafoclimáticas favorecem a atividade pecuária e o cultivo de plantas tropicais, em 

especial as da fruticultura tropical. Da área potencial, 825.000 ha são explorados 

com agricultura (Tocantins 2014), dos quais 14.027 ha são ocupados com fruteiras, 

entre elas a melancia, abacaxi e banana que já estão consolidadas na região e 

ocupam a maior área plantada (IBGE 2014). Outras, tais como o meloeiro, Cucumis 

melo L., vem recebendo incentivos para implantação e consolidação no estado, pois 

se desenvolve bem nas mesmas condições edafoclimáticas da melancia. Contudo, 

esta olerícola é mais exigente em termos nutricionais, manejo de doenças e pragas, 

polinização, beneficiamento e transporte (Araújo et al. 2008).  

Apesar das condições favoráveis à exploração agropecuária, o Tocantins 

está inserido no Bioma Cerrado, que é considerado um dos 25 hotspots de 

biodiversidade (Myers et al. 2000) e por este motivo, existe a preocupação em se 

desenvolver tecnologias sustentáveis que preservem os recursos naturais utilizados, 

tais como o solo, água, flora e fauna, incluindo aí as abelhas, que são essenciais 

para a polinização das flores e produção de frutos do meloeiro. Tais tecnologias 

também devem contemplar medidas de manejo que considerem as melhores épocas 

de cultivo, visando diminuir a incidência de doenças e pragas e consequentemente a 

racionalização das aplicações de pesticidas que podem vir a afetar os serviços de 

polinização prestados pelos polinizadores. A escassez de pesquisas a esse respeito, 

bem como o desconhecimento de cultivares de meloeiro adaptadas e a falta de 

validação local das técnicas de manejo desenvolvidas para outras regiões 

potencializam as perdas de produtividade por doenças, déficit de polinização, entre 

outras, o que pode vir a comprometer a viabilidade e expansão dessa atividade. 

Por ser uma cultura de cultivo recente no Tocantins, mas com potencial 

reprimido, é necessária a busca de informações baseadas em pesquisas científicas 

e que sirvam de referência para o desenvolvimento e implantação de tecnologias 
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adequadas a realidade local. O objetivo do trabalho foi fornecer informações para 

implementação do manejo sustentável de meloeiro com vistas à preservação dos 

polinizadores e sua interação com o manejo de fitopatógenos. Tal estudo foi 

composto por três ensaios a campo. O primeiro avaliou a diversidade de abelhas, 

seus comportamentos de forrageio e os períodos de visitação às flores, além de sua 

contribuição no desempenho produtivo de cultivares de meloeiro. O segundo ensaio 

verificou se a qualidade da polinização realizada pelas abelhas é afetada após a 

aplicação de pesticidas sintéticos e botânico nas plantas de meloeiro durante seu 

florescimento. O terceiro ensaio verificou se a época de cultivo pode ser incorporada 

como estratégia de controle no manejo integrado do crestamento gomoso no 

meloeiro cultivado no Tocantins. 
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Abstract 

Although bees are important pollinators in many ecosystems worldwide, studies on 
bee diversity and their contribution to pollination of commercial plants in the Brazilian 
Cerrado (savannah-like biome) are scarce. The Cerrado biome covers approximately 
23% of Brazil and is one of the world‟s most important agricultural frontiers. Here, we 
conducted field experiments in the Brazilian Cerrado to evaluate the diversity of 
bees, their foraging behaviors and flower visiting periods, and their potential 
contribution to the performance of six melon (Cucumis melo L.) cultivars. Five bee 
species (Apis mellifera, Halictus sp., Plebeia sp., Trigona pallens, and T. spinipes) 
were recorded visiting both male and hermaphrodite flower types of all C. melo 
cultivars. Whereas A. mellifera showed two peaks of flower visitation (an intense first 
one between 8:00 a.m. and 11:00 a.m. and a second less intense one after 4:00 
p.m.), all other bee species visited the C. melo flowers only in the morning, with 
intensities and visitation peaks similar to those of A. mellifera. All of these bees 
collected nectar and pollen. Our results also indicated a moderate correlation 
between the intensity of bee visitation and fruit weight, demonstrating that all of these 
bees had the potential to pollinate C. melo and to influence its productivity. Except for 
the cultivar „Hibrix‟, all the other cultivars showed economic feasibility and produced 
fruits of marketable sizes, with an estimated yield (over 25 tons/ha) in the range 
registered in other Brazilian regions. 
 

Keywords: wild bees; Halictus sp.; Plebeia sp.; Trigona sp.; melon production 
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1. Introduction 

 Despite the fact that the Cerrado biome covers approximately 23% of the 

Brazilian territory (Diniz-Filho et al., 2009; Ratter et al., 1997), its bee fauna is still 

poorly known (Andena et al., 2012; Faria and Silveira, 2011), and the potential of 

these bees to pollinate commercial crops cultivated in this biome has been 

completely neglected. This research gap is surprising because this ecological region 

is one of the world‟s most important agricultural frontiers (Maia et al., 2013; 

Mittermeier et al., 2004), and the introduction of plants dependent on insect-mediated 

pollination in commercial fields, such as melon Cucumis melo L., has increased 

rapidly in the last decade (IBGE, 2014).  

 Honey bees, primarily Apis mellifera, have been reported as pollinators of 

melon fields worldwide (Hoz, 2007; Kill et al., 2011; Kill et al., 2012; Kouonon et al., 

2009; Orr and Eisikowitch, 1988; Reyes-Carrillo et al., 2009; Singh et al., 2014; 

Souza et al., 2012). However, the significant decline of managed honeybee colonies 

reported for primarily the USA and Europe draws further attention to the risk of 

depending on a single species to achieve satisfactory pollination of agricultural crops 

(Potts et al., 2010; Winfree et al., 2007). Furthermore, bees naturally occurring in the 

vicinity of crop areas can perform equal to or better than the honeybee as pollinators 

for some crops (Freitas and Paxton, 1998; Maeta and Kitamura, 1981) and contribute 

significantly to crop production even when honey bees are present (Garibaldi et al., 

2013; Rogers et al., 2014; Winfree et al., 2007). However, only a few investigations 

addressed the potential contribution of unmanaged bees to pollination in commercial 

fields of melon, and none of the studies was conducted in the ecological 

environments of the Brazilian Cerrado. The occurrence of Trigona spinipes collecting 

nectar in C. melo flowers was recorded in the Brazilian semiarid region (Kill et al., 

2011), and T. carbonaria were effective pollinators of C. melo subsp. agrestis in 

Africa (Kouonon et al., 2009).  

 In this context, we conducted field experiments in the Brazilian Cerrado to 

evaluate the diversity of bees, their foraging behaviors, and their visiting periods to 

flowers of six melon cultivars. Such traits might affect the performance of this 

horticultural crop by affecting the production and the quality of the fruit. Furthermore, 

because flower morphology (e.g., flower length, and calyx and corolla width) and 

phenology are traits that respond to environmental cues (Campbell et al., 2013; 
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Craufurd and Wheeler, 2009; Cresswell, 2000; Solga et al., 2014; Williams and 

Thomson, 2001), the findings of this study might also assist in assessing the 

feasibility of commercial production of melon in the Cerrado regions, as the diverse 

melon cultivars introduced yearly in the market were initially not developed to be 

cropped under these climatic (e.g., temperature, photoperiod, and precipitation) and 

biotic (e.g., pollinator richness and pollination efficiency) conditions. 

2. Material and Methods 

 The two parts of this study were conducted at different times. In the first part, 

between July and August 2012, we evaluated the diversity of bee species, their 

foraging behaviors, the time spent collecting resources, and the type of trophic 

resource collected from male and hermaphrodite flowers of melon cultivars. In the 

second part of the study, between June and September 2013, we determined the 

flower visiting rates of bee pollinators to Cucumis flowers and the plant phenological 

traits that might affect bee visitation. We also measured yield traits that might be 

affected by these insects (e.g., fruit set, number of marketable fruits, average fruit 

weight, and estimated yield per hectare), all of which are influenced by bee visitation.  

2.1 Study site 

 The study was conducted at the experimental unit of the Universidade Federal 

do Tocantins (UFT) in Gurupi, Tocantins State, Brazil (latitude 11º43'45''S, longitude 

49º04'07''W, and altitude of 280 m). The site is typical of the Brazilian Cerrado region. 

The climate of the region, according to Köppen is Aw, i.e., tropical hot and humid, 

with two climate seasons: a dry season, which is from June to September, and a 

rainy season from October to April (Samani and Hargreaves, 1985).  

2.2 Cultivation conditions and experimental design 

 We adapted the cultivation procedures normally used in the commercial melon 

fields in other Brazilian regions. The soil was prepared with two heavy diskings and a 

leveling disk harrow. Double-face (white-black) plastic canvas (150 mm thick) was 

used to cover the rows, with the white face up. Plants were watered via drip irrigation 

and a base fertilizer (N-P-K: 5-25-15; Adubos Araguaia Indústria e Comércio Ltda., 

Goiânia-GO, Brazil) of 1000 kg/ha was applied. An application of 60 g of urea (45% 
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N, Adubos Araguaia Indústria e Comércio Ltda., Goiânia-GO, Brazil) and 60 g of 

potassium chloride (Adubos Araguaia Indústria e Comércio Ltda., Goiânia-GO, 

Brazil) was added to each pit as a topdressing 20 and 40 days after planting. 

Pesticide applications were applied every 7 days and applied during the late 

afternoons at the following rates: 2 g/L of Cerconil WP (commercial mixture of 

thiophanate-methyl [200 g a.i./kg] + chlorothalonil [200 g a.i./kg]; Iharabras Indústrias 

Químicas S.A, Sorocaba-SP, Brazil); 0.3 mL/L of Score EC (difenoconazole [250 g 

a.i/L]; Syngenta Proteção de Plantas LTDA, São Paulo-SP, Brazil), 0.3 mL/L of Decis 

25EC (deltamethrin [25 g a.i/L]; Bayer Cropscience LTDA, São Paulo-SP, Brazil) and 

3 g/L of Evidence 700 WG (imidacloprid [700 g a.i/L]; Bayer Cropscience LTDA, São 

Paulo-SP, Brazil).  

 We used a randomized experimental design consisting of six treatments 

(commercial cultivars of melon normally planted in other Brazilian regions) and four 

study fields. The distance between the study fields was 5 m in length. Each study 

field was divided into six plots. These plots consisted of two rows, each containing 10 

pits. Two plants were planted per pit. The distance between the rows and pits was 

1.5 and 0.5 m, respectively. The plots were 2 m apart. Except for the cultivar „Hibrix‟ 

(Nunhems do Brasil Comércio de Sementes Ltda., Campinas-SP, Brazil), the other 

cultivars („Eldorado 300‟, „Dourado‟, „Louro‟, „Canarian‟, and „Gaúcho Redondo‟) were 

purchased from ISLA Sementes (ISLA Sementes Ltda., Porto Alegre-RS; Brazil). The 

melon seedlings were grown in disposable cups (with a volume of 0.3 L) containing 

commercial substrate (Germinar XI, Bioflora Ltda, Prata-MG, Brazil) for vegetables, 

and the seedlings were transplanted 10 days after sowing.  

2.3 Floral biology of the six melon cultivars 

The number of flowers per plant, duration of blooming season, and 

morphological dimensions of both male and hermaphrodite flower types were 

evaluated for the six cultivars. One main branch and one secondary branch per plant 

were marked on four plants of each experimental plot to estimate the number of both 

flower types per plant. These measurements were performed daily until the end of 

the blooming season. The calyx and corolla diameters and the flower heights (length 

of corolla tube) for both flower types of the six cultivars were measured. A digital 

caliper was used for all measurements. To evaluate the duration of the flower cycle, 
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five hermaphrodite and five male flowers per experimental plot were randomly 

selected, and the duration of anthesis, the time of anther dehiscence, and stigmatic 

receptivity of these flowers (via chemical tests) were measured. The flowers were 

marked one day before the evaluation of these parameters. The anther dehiscence 

period was measured with methodologies previously described (Njoroge et al., 2004). 

The stigma receptivity of hermaphrodite flowers in all cultivars was determined 

following the methodology described by Dafni et al. (2005).  

2.4 Diversity of bees and foraging behaviors on melon flowers  

To distinguish bee pollinators from mere floral visitors, only bee species that 

were evidently carrying melon pollen and that contacted floral reproductive parts 

were recorded. Collected bees were killed in a jar with ethyl acetate, pinned, and 

sent for taxonomic identification (Prof. Favizia Freitas de Oliveira, Federal University 

of Bahia, Salvador, Brazil, where voucher specimens were deposited).  

2.5 Flower visitation rates of pollinator bees on melon flowers 

The bee visitation frequency was recorded on day 7 and day 13 of the 

flowering season. These observations were always performed in the first 10 min of 

each anthesis hour, as described in other studies (Courcelles et al., 2013; Inouye 

and Pyke, 1988; Wolf et al., 1999). Observers were randomly assigned to each 

experimental block where bee foraging behavior and time spent collecting nectar and 

pollen were recorded. A total of 20 bee visits of each bee species in each flower type 

during each anthesis hour were considered for analysis, and these observations 

were performed on days different from the days when the bee visitation frequency 

was assessed. 

2.6 Yield traits of the six melon cultivars 

 Because bee frequency was recorded per experimental plot, the following 

yield parameters were evaluated for the same experimental unit: 1) fruit set, 2) 

number of marketable fruits, 3) average fruit weight, and 4) estimated yield per 

hectare.  These parameters were correlated with the number of bees that visited the 

experimental plots.  
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2.7 Statistical analyses  

The dimensions of the flowers and the time spent by the bees for resource 

collection were subjected to analysis of variance (ANOVA) and Tukey's HSD test 

(P < 0.05), when needed. The daily number of flowers was subjected to repeated-

measures ANOVA for each flower type (hermaphrodite and male flowers) for all the 

melon cultivars. The number of flowers produced per day was used as the replicate 

(within sample variation) to avoid problems of pseudoreplication in time (Paine, 1996; 

von Ende, 1993). The GLM procedure with the PROFILE statement was used for this 

analysis (SAS Institute, 2008). The repeated-measures ANOVA was also used for 

the number of each bee species that visited hermaphrodite and male flowers of all 

the cultivars. In this case, the evaluation days (days 7 and 13 of blooming season) 

were used as replicated measurement (within sample variation). Additionally, 

correlations between the number of bees for each species, the number of flowers, 

bee abundance (sum of the bees that were recorded on days 7 and 13 of blooming 

season), and fruit set, the number of marketable fruits, and average fruit weight were 

determined (PROC CORR; SAS Institute, 2008). The assumptions of normality and 

homogeneity of variance were checked using the UNIVARIATE procedure (SAS 

Institute, 2008), and no data transformations were necessary. 

3. Results 

 To exemplify the dry season in the region where our study was conducted, the 

climatic and weather data for 2013 are shown in Figure 1. The monthly average 

temperature varied from 18ºC (minimum temperature) to 33ºC (maximum 

temperature), and the rainfall was mostly concentrated from January to April and 

October to December, with an annual precipitation of 1561.4 mm (Fig. 1A). The 

average temperature and relative humidity on days when the visitation frequency was 

evaluated are presented in Fig. 1B. The morning period, when greater bee visitation 

rates were observed, had the lowest temperature (from 15°C to 25°C) and the 

highest average relative humidity (from 60% to 90%). 

3.1 Floral biology of the six melon cultivars 

Independent of the cultivar examined, the blooming period began 40 days 

after sowing and lasted for 18 days. The hermaphrodite flowers bloomed two days 
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after the male flowers. No significant differences were observed in the repeated-

measures ANOVA for the daily number of hermaphrodite and male flowers among 

the cultivars examined (Table 1), although a significant time effect was observed in 

the daily number of each flower type (Table 1, Fig. 2). The daily number of male 

flowers was consistently higher than the number of hermaphrodite flowers over the 

entire blooming season (P < 0.05; t-test), and reached a peak on approximately day 

7 of blooming and then consistently decreased to zero on day 18 (Fig. 2A). The peak 

for the quantity of hermaphrodite flowers occurred approximately on day 10 of 

blooming. The proportion of hermaphrodite:male flowers was 1:6 over the blooming 

season (Fig. 2B).  

Anthesis began at 7:30am for both flower types and flowers remained open 

until 6:00pm. Flowers lasted one day. Anther dehiscence occurred at the beginning 

of anthesis, and the pollen was ready, and the stigma was receptive soon after the 

start of anthesis. The intense morning foraging activity of visiting bees resulted in a 

pollen shortage by 12:00 p.m.  

 Four cultivars had morphological differences between their flower types (Fig. 

3). The corolla diameters of the hermaphrodite flowers were larger than that of the 

male flowers (Fig. 3A) for the cultivars „Canarian‟ (F1,28 = 41.4, P < 0.001), „Louro‟ 

(F1,24 = 35.1, P < 0.001), „Dourado‟ (F1,22 = 37.3, P < 0.001), and „Eldorado 300‟ 

(F1,28 = 65.6, P < 0.001). The calyx diameters of the hermaphrodite flowers were 

larger than those of the male flowers of all the cultivars examined (Fig. 3B; „Gaucho 

Redondo‟ [F1,28 = 52.6, P < 0.001]; „Canarian‟ [F1,28 = 13.3, P = 0.0012]; „Louro‟ 

[F1,24 = 13.8, P = 0.0011]; „Dourado‟ [F1,22 = 96.1, P < 0.001]; „Eldorado 300‟ 

[F1,28 = 46.3, P < 0.001]; and „Hibrix‟ [F1,30 = 32.8, P < 0.001]). Significant differences 

in the height of the hermaphrodite and male flowers were observed for some cultivars 

(Fig. 3C). The height of the hermaphrodite flowers was significantly greater than that 

of the male flowers of the cultivars „Canarian‟ (F1,28 = 52.3, P < 0.001), „Louro‟ 

(F1,24 = 38.7, P < 0.001), and „Hibrix‟ (F1,22 = 42.2, P < 0.001).  

 Among the cultivars, only „Gaucho Redondo‟ demonstrated significant 

morphological differences (Fig. 3). The hermaphrodite flowers of this cultivar were 

smaller (F = 9.05, df = 5, P < 0.001) and had narrower corollas (F = 24.0, 

df = 5, P < 0.001) and narrower calyces (F = 13.5, df = 5, P < 0.001) than those of 

the other cultivars. Although no significant differences were observed for the corolla 

diameters (Fig. 3A; F = 1.86, df = 5, P = 0.29) and heights (Fig. 3C; F = 2.47, df = 5, 
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P = 0.18) of the male flowers among the cultivars, „Gaucho Redondo‟ male flowers 

presented narrower calyces (Fig. 3B; F = 8.41, df = 5, P < 0.001). 

3.2 Diversity of bees and foraging behaviors  

 The honeybee A. mellifera L. and at least four wild bee species (Halictus sp., 

Plebeia sp., Trigona spinipes F., and T. pallens F.) were observed on both flower 

types in all cultivars. These bees presented similar foraging behaviors. They 

approached the flowers from the front and rested on the petals. To collect nectar 

from the male flowers, the bees placed their heads between the anthers and petals 

and toward the nectaries, gathering pollen grains on their bodies (mostly on the head 

and mesoscutum). Alternatively, to reach the nectaries located at the corolla base, 

the bees positioned themselves on top of the anthers, which also resulted in the 

adhesion of a considerable amount of pollen grains on the ventral side of the body 

and legs. For pollen collection, the bees landed directly on the anthers, which were 

manipulated by the anterior legs to transfer pollen to the corbicula (or scopa in 

Halictus sp.). Some A. mellifera and T. spinipes bees also used their anterior legs to 

dislodge the pollen grains adhered to their body. The grooming behavior was 

performed either on the same flowers from which the pollen were collected or on 

nearby melon leaves. The bees behaved similarly in hermaphrodite flowers, where 

they landed on the petals and moved directly toward the nectaries or landed on the 

anthers and/or stigmas to reach the nectaries located at the corolla base.  

Although all the bee species exhibited similar foraging behavior, significant 

differences were observed in the time they spent foraging for nectar and pollen 

(Table 2). Generally, all bee species spent significantly less time (P < 0.05, paired t-

tests) collecting nectar than pollen, but both the Trigona spp. used more time than 

the other bees to collect nectar (Table 2; F = 91.7, df = 4, P < 0.001) and pollen 

(Table 2; F = 104.5, df = 4, P < 0.001). Bee species collected nectar and pollen in the 

morning, when approximately 65% of the bees were exclusively collecting pollen. 

During the afternoon, only A. mellifera visited the melon flowers to collect nectar.  

3.3 Flower visitation rates of bee pollinators 

Repeated-measures ANOVA for the number of each bee species visiting the 

male flowers found no significant effects of the cultivar, but showed that the visitation 



24 

 

 

rates varied significantly with the anthesis hour (P < 0.05; Table 4). For Plebeia sp., 

Halictus sp., and T. pallens, significant effects were also observed for the interactions 

between the cultivars and anthesis hour and between anthesis hour and blooming 

period (time; P < 0.05; Table 4). As shown in Figure 4A, a first peak of visitation was 

at approximately 10:00 a.m., which was followed by a second less intense peak (only 

for A. mellifera) after 4:00 p.m. Visitation rates to male flowers by Plebeia sp. varied 

by blooming day (Fig. 4BI and 4BII).  Despite a small delay in the peak visitation time 

(from 8:00 a.m. to 9:00 a.m.) for some cultivars (e.g., „Louro‟ and „Canarian‟), no 

significant differences were observed with respect to the peak intensity (P > 0.05; t-

test). Plebeia bees did not visit the male flowers after 2:00 p.m. The pattern of 

visitation of Halictus sp. (Fig. 4C) and T. pallens (Fig. 4D) demonstrated a peak of 

visitation that started at approximately 8:00 a.m. (except in the „Louro‟ male flowers) 

and peaked between 8:00 a.m. and 10:00 a.m., respectively.  

Significant effects were found only for the number of each visiting bee species 

and the anthesis hour (P < 0.05; Table 5) and not for the cultivar and blooming 

season (time) or their interactions with cultivar and anthesis hours (P > 0.05; Table 

5). All the bee species visitation peaks occurred during the morning for collection of 

nectar (for A. mellifera, a second and less intense visitation peak after 5:00 p.m. for 

collecting nectar was observed) (Fig. 5).  

3.4 Productivity traits of the six melon cultivars 

 The cultivars „Hibrix‟ and „Canarian‟ produced a lower number of fruits set 

(F = 4.98, df = 4, P = 0.007; Fig. 6A) and marketable fruits (F = 4.31, 

df = 4, P = 0.009; Fig. 6A) than the other cultivars. However, the „Canarian‟ fruits 

were the heaviest (F = 5.28, df = 4, P < 0.001; Fig. 6B) among the cultivars, which 

counterbalanced the low number of marketable fruits and resulted in an estimated 

yield (F = 2.98, df = 4, P = 0.041; Fig. 6C) similar to that of the „Gaúcho Redondo‟, 

„Louro‟, „Dourado‟, and „Eldorado 300‟ cultivars. The fruit weights of the cultivars 

„Hibrix‟, „Eldorado 300‟, and „Dourado‟ were the lowest among the cultivars. As a 

result, the cultivar „Hibrix‟ had an estimated yield of 16.2 ton/ha, which was the lowest 

among all the cultivars. 
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3.5 Correlations between the number of visiting bees, number of flowers, and 

productivity traits 

 Correlation analysis was performed between the number of bees from each 

species visiting the melon flowers and the number of flowers that bloomed in the 

peak blooming season (day 7) and between the abundance of bees and the 

productivity traits of the melons (number of fruits set, number of marketable fruits, 

and average fruit weight). Only the number of T. pallens was significantly correlated 

to the number of male flowers (r = 0.67, P = 0.003; Table 6) and the number of both 

flower types (r = 0.53, P = 0.009; Table 6). However, significant correlations were 

observed between the fruit weight and abundance of A. mellifera (r = 0.58, P = 0.007; 

Table 6) and total bee abundance (r = 0.53, P = 0.042; Table 6). 

4. Discussion 

 Empirical studies have shown that wild bees occurring near crop areas are 

important pollinators (Brittain et al., 2013; Garibaldi et al., 2013; Rader et al., 2012; 

Rogers et al., 2014; Slaa et al., 2006; Stanley et al., 2013). In the present study, we 

demonstrated that the bees A. mellifera, Halictus sp., Plebeia sp., T. spinipes, and T. 

pallens were effective pollinators of Cucumis spp. in the Brazilian Cerrado. 

Additionally, the bee visitation intensity correlated significantly with the weight of 

melon fruits, which indicated the potential of these bees to provide pollination of 

melons grown in the Cerrado. 

 Previous reports have demonstrated that the pollination effectiveness of bees 

was affected by daily visitation pattern of these floral visitors (Azo‟o Ela et al., 2010; 

Souza et al., 2012; Young et al., 2007). We observed that bee visitation rates were 

influenced by the time of day; a visitation peak was reached between 8:00 and 9:00 

a.m., which declined to zero by approximately 12:00 p.m. The reduction in bee 

visitation rates during the afternoon could be explained by the depletion of floral 

resources (Biesmeijer et al., 1999; Hofstede and Sommeijer, 2006; Polatto et al., 

2014) and/or adverse abiotic factors (Antonini et al., 2005; Polatto et al. 2014). 

Considering that pollen availability coincided with the beginning of anthesis 

(approximately 7:30 a.m.), and that pollen was highly sought by the bees, it was 

highly possible that the quantity of pollen became scarce throughout the day. 

Concurrently, we found not only high temperatures but also large reductions in the 
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relativity humidity during the afternoons (Fig. 1B), which could also contribute to the 

reduction of bee visitations.  

 Flower morphological traits are important for pollinator attraction (Kill et al., 

2012; Williams and Thomson, 2001). It is often assumed that flower size correlates 

with an increase in pollinator visitation (Krizek and Anderson, 2013) because large 

flowers generally contain more nectar rewards and offer a larger landing platform 

(Blarer et al., 2002; Kill et al., 2012; Krizek and Anderson, 2013). However, our 

results did not confirm these predictions. Although we observed that the 

hermaphrodite flowers of the „Canarian‟ and „Louro‟ cultivars had larger dimensions 

than their male flowers, the size did not affect the bee visitation patterns on flowers 

by sex type. A comparison of flower size among the cultivars showed that the 

hermaphrodite flowers of the „Gaucho Redondo‟ cultivar had the smallest 

dimensions, which again did not impact the bee visitation patterns on these flowers.  

 Our results showed that all the melon cultivars had a similar flower phenology, 

with the development of male flowers beginning before hermaphrodite flowers. Such 

temporal variation in floral development is common in Curcurbitaceae (Kill et al., 

2011; Orr and Eisikowitch, 1988), which in some cases allows the forager bees to 

discover these food sources and to recruit a larger amount of bees prior to the 

hermaphrodite flower blooming (Kouonon et al., 2009). Such a phenomenon results 

in less energy expenditure in the plants, as the melon plants normally invest less 

energy to produce male flowers (Orr and Eisikowitch, 1988). Our results for the 

period of flower opening differed from those described in other Brazilian regions. 

Whereas we observed that the melon flowers began to open at approximately 7:30 

a.m. (when the temperature was approximately 19°C), investigations in the Brazilian 

semiarid region found that flower opening began before sunrise (Abreu et al., 2008; 

Kill et al., 2011; Kill et al., 2012). The later flower opening observed in the present 

study may be due to climatic differences.  

Previous studies have shown that plants alter their growth and phenology 

under different agricultural contexts (Campbell et al., 2013; Craufurd and Wheeler, 

2009; Cresswell, 2000; Solga et al., 2014; Williams and Thomson, 2001), which can 

present a serious problem during the introduction of an agricultural crop to a novel 

region. In the present study, although the melon cultivars were not initially developed 

for cultivation in the Cerrado regions, all the melon cultivars (except the „Hibrix‟ 

cultivar) showed feasibility for production under Cerrado conditions. The cultivars 
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produced fruit of marketable size, and their estimated yields were over 25 tons/ha, 

which were in the range registered in other Brazilian regions (Aragão et al., 2013; 

Nunes et al., 2006). 

 These results show that Apis mellifera, Halictus sp., Plebeia sp., T. spinipes, 

and T. pallens may act as potential pollinators of melon in the Cerrado region. 

Further studies that investigate the pollination contribution and efficiency of each of 

these bee species will help to optimize melon production in the Cerrado region. 

Furthermore, considering that factors such surrounding landscape and farm 

management practices can contribute to pollinator diversity and resultant yield as 

well as that our findings resulted of a single area; more investigations need to be 

done in other areas and over time to determine if our results carry over to actual 

farms throughout the region. 
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Figure Captions 

Fig. 1. Climatic data obtained at the Experimental Unit of the Universidade Federal 

do Tocantins in Gurupi, Tocantins State, Brazil. (A) The monthly minimum, 

maximum, and average temperatures for 2013. (B) The average temperature and 

relative humidity on the days (days 7 and 13 of blooming season) when the visitation 

rates of bees were evaluated. 

Fig. 2. Daily (A) and cumulative (B) number of male and hermaphrodite flowers per 

plant of melon planted in the Cerrado region. The symbols represent the mean of 

four replicates, and the vertical bars represent the SD.  

Fig. 3. Morphological characteristics of the male and hermaphrodite flowers of six 

melon cultivars planted in the Cerrado region. Each bar is the result of 14 replicates 

for the corolla (A) and the calyx (B) diameters, and the flower length (C). An asterisk 

on the bar indicates a significant difference between male and hermaphrodite flowers 

(paired t-test, P < 0.05), whereas bars with the same letter indicate no significant 

differences among the C. melo cultivars by Tukey's HSD test (P < 0.05). 

Fig. 4. Visitation rates of naturally occurring bees on the male flowers of the six 

melon cultivars and during the blooming periods. (A) Number of visits by A. mellifera 
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and T. spinipes indicate no significant effects of the cultivar and blooming period, but 

their visitation rates are significantly affected by the anthesis hour (P < 0.05; Table 4). 

(BI, BII) The average number of visits by Plebeia sp. is significantly affected by 

anthesis hour and its interaction with melon cultivars (P < 0.05; Table 4). The 

blooming period (time) and its interaction with the anthesis hour also affect the 

Plebeia sp. visitation rate. (C,D) The average number of visits by Halictus sp. (C) and 

T. spinipes (D) is significantly affected only by anthesis hour and its interaction with 

melon cultivars (P < 0.05; Table 4). 

Fig. 5. Visitation rates of naturally occurring bees on hermaphrodite flowers of the six 

melon cultivars planted in the Cerrado region. The number of each visiting bee 

species is significantly affected only by the anthesis hour (P < 0.05; Table 5) and not 

by the cultivar and blooming season (time) and their interactions with cultivar and 

anthesis hours (P > 0.05; Table 5). 

Fig. 6. Evaluation of the number of sets and marketable fruits per plant (A), average 

fruit weight (B), and production (C) of the six melon cultivars planted in the Cerrado 

region. Each bar in A and C represents the result of four replicates, whereas bars in 

B correspond to the results of 22 replicates. Bars with the same letter (in panel A, the 

capital letter denotes fruits set, and lower case letters signify marketable fruits) 

indicate that there are no significant differences among the C. melo cultivars by 

Tukey's HSD test (P < 0.05). 
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Table 1. Repeated measures analyses of variance for the daily number of male and 
hermaphrodite flowers/plant in six C. melo cultivars. 

Sources of  

variation 

 
Male flowers Hermaphrodite flowers  

Df F P F P  

Between 
samples 

     

Cultivar (C) 5 1.54 0.229 0.48 0.78 

Error 18 - - - - 

 
dfden/dfnum Wilks‟  

lambda 

Fapprox P Wilks‟  

lambda 

Fapprox P 

Within 
samples 

       

Time (T) 4/15 0.0283 13.71 0.023* 0.0281 35.88 < 0.001* 

T x C  23/75 0.0014 0.94 0.61 1.37 0.69 0.88 

* Significant at P < 0.05. 
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Table 2.  Time spent collecting trophic resources (pollen and nectar) by each bee 
species on melon flowers grown in the Cerrado region. 
 

Species 
Time (s) 

Pollen Nectar 

Apis mellifera 11.1±0.64Ca 4.9±0.30 Bb 

Plebeia sp. 17.9±0.54Ca 7.9±0.14 Bb 

Halictus sp. 16.6±1.05Ca 5.8±0.18 Bb 

Trigona spinipes 23.1±1.19Ba 14.1±0.58 Ab 

Trigona pallens 32.6±1.85Aa 16.4±0.56 Ab 

 

Each value represents a mean of 20 replicates. Values followed by the same capital 
letter in the column and the same small letter in the row did not differ statistically by 
Tukey's HSD test (P < 0.05). 
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Table 3. Percentage (%) of bees collecting nectar or pollen in each type of melon flower during the anthesis period.  

Hour 

A. mellifera Plebeia sp. Halictus sp. T. spinipes T. pallens 

MF HF MF HF MF HF MF HF MF HF 

N P N P N P N P N P N P N P N P N P N P 

7:00 a.m. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8:00 a.m. 10 90 20 80 20 80 20 80 0 100 0 100 0 100 0 100 0 100 0 100 

9:00 a.m. 20 80 30 70 30 70 40 60 30 70 40 60 20 80 40 60 20 80 40 60 

10:00 a.m. 30 70 40 60 30 70 40 60 30 70 30 70 30 70 30 70 30 70 30 70 

11:00 a.m. 40 60 60 40 40 60 50 50 30 70 50 50 40 60 40 60 40 60 40 60 

12:00 p.m. 40 60 60 40 50 50 60 40 60 60 70 30 60 60 50 50 40 60 50 50 

1:00 p.m. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2:00 p.m. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3:00 p.m. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4:00 p.m. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5:00 p.m. 100 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6:00 p.m. 100 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MF = Male flowers; HF = Hermaphrodite flowers; N = Nectar; P = Pollen.  
Values are expressed in percentage of 20 bee visits recorded for each flower type and hour. 
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Table 4. Repeated measures analyses of variance for the total number of bees in male flowers of six C. melo cultivars. 

Sources of  

variation 

 A.  mellifera Plebeia sp.  Halictus sp. T. spinipes T. pallens 

df 
F P F P F P F P F P 

Between 
samples 

           

Hour (H) 11 17.93 <0.001* 64.90 <0.001* 44.55 <0.001* 43.82 <0.001* 39.23 <0.001* 
Cultivar (C) 5 1.53 0.18 2.24 0.052 1.30 0.25 0.64 0.67 2.12 0.06 
H x C 55 0.55 0.99 2.13 0.013* 2.30 <0.001* 0.82 0.80 3.66 <0.001* 
Error 216 - - - - - - - - - - 

 
dfden/dfnu

m 

Wilks‟  

Lamb
da 

F P 

Wilks‟  

lambd

a 

F P 

Wilks‟  

Lamb

da 

F P 

Wilks‟  

lambd

a 

F P 
Wilks‟  

lambda 
F P 

Within samples                 

Time (T) 216/1 0.997 0.59 0.44 0.975 5.61 0.018* 0.999 0.15 0.69 0.991 1.89 0.17 0.999 0.18 0.67 
T x H 216/11 0.939 1.27 0.24 0.852 3.41 0.001* 0.974 1.52 0.89 0.932 1.44 0.16 0.993 0.13 0.69 

T x C 216/5 0.987 0.54 0.74 0.977 1.03 0.40 0.966 1.51 0.19 0.966 1.52 0.19 0.982 0.79 0.56 

T x H x C 216/55 0.758 1.25 0.13 0.786 1.07 0.36 0.771 1.16 0.23 0.737 1.12 0.06 0.765 1.21 0.17  

* Significant at P < 0.05 
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Table 5. Repeated measures analyses of variance for the total number of bees in hermaphrodite flowers of six C. melo cultivars. 

Sources of  

variation 

 A.  mellifera Plebeia sp.  Halictus sp. T. spinipes T. pallens 

df 
F P F P F P F P F P 

Between 
samples 

           

Hour (H) 11 9.61 <0.001* 19.45 <0.001* 9.69 <0.001* 27.07 <0.001* 10.49 <0.001* 
Cultivar (C) 5 0.93 0.45 0.50 0.77 1.10 0.36 0.56 0.73 0.24 0.94 
H x C 55 1.23 0.16 0.73 0.91 1.07 0.35 1.10 0.31 1.15 0.24 
Error 216 - - - - - - - - - - 

 
dfden/dfnu

m 

Wilks‟  

Lamb
da 

F P 

Wilks‟  

lambd

a 

F P 

Wilks‟  

lambd

a 

F P 

Wilks‟  

lambd

a 

F P 

Wilks‟  

lambd

a 

F P 

Within samples                 

Time (T) 216 /1 0.992 1.65 0.20 0.987 2.73 0.09 0.999 1.87 0.14 0.989 2.34 0.12 0.994 1.38 0.24 
T x H 216 /11 0.915 1.83 0.06 0.979 0.43 0.94 0.974 1.71 0.07 0.934 1.33 0.21 0.945 1.15 0.33 

T x C 216 /5 0.961 1.77 0.12 0.984 0.72 0.60 0.966 1.12 0.11 0.981 0.89 0.51 0.983 0.74 0.59 

T x H x C 216 /55 0.819 0.87 0.72 0.755 1.28 0.11 0.771 0.62 0.76 0.821 0.86 0.75 0.799 0.99 0.50  

* Significant at P < 0.05. 
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Table 6. Correlations between the number of bees, the number of flowers and productivity traits of C. melo cultivated in the Cerrado 
region. 

 Number of flowers on the 7th flowering day Productivity traits 

Bees 
Male Hermaphrodite 

Total of 

flowers 

Number of set 
fruits 

Number of marketable 
fruits 

Fruit weight 

r P r P r P R P r P r P 

A. mellifera 0.23 0.27 -0.40 0.06 0.15 0.48 -0.28 0.18 -0.19 0.36 0.58 0.007* 

Plebeia sp. 0.20 0.36 -0.18 0.40 0.16 0.45 -0.10 0.62 -0.09 0.65 0.41 0.06 

Halictus sp. 0.04 0.89 -0.02 0.41 0.03 0.90 -0.05 0.81 -0.02 0.86 0.18 0.41 

T. spinipes 0.08 0.70 0.01 0.98 0.08 0.70 0.04 0.86 0.04 0.86 0.24 0.28 

T. pallens 0.67 0.003* -0.23 0.28 0.53 0.009* 0.14 0.50 0.11 0.60 0.11 0.60 

Total of 
bees 

0.30 0.15 -0.26 0.22 0.25 0.24 -0.13 0.54 -0.08 0.54 0.53 0.042* 

* Significant at P < 0.05. 
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Abstract 

The injudicious management of agricultural pesticides has been shown to harm many 

insect species that assist in pollination, reducing the valuable contribution of this 

ecosystem service to agricultural production. Here, we conducted field experiments 

in the Brazilian Cerrado aiming to evaluate the impacts of botanical (e.g., 

azadirachtin-based insecticide) and synthetic (e.g., the pyrethroid insecticide 

deltamethrin and the fungicides thiophanate-methyl and chlorothalonil) pesticides on 

the flower visitation rates of naturally occurring bees, as well as on melon (Cucumis 

melo L.) production. We recorded four bee species (Apis mellifera, Halictus sp., 

Plebeia sp., and Trigona spinipes) visiting C. melo flowers, and moderate correlations 

were observed between the intensity of bee visitation and yield parameters (e.g., 

number of marketable fruits and fruit yield). The bee species were differentially 

affected by the pesticide treatments.  Whereas Plebeia bees were not affected by 

any pesticide treatment, both A. mellifera and Halictus bees showed reduced 

visitation intensity after the application of deltamethrin or azadirachtin-based 

insecticides. Fungicide treatment alone did not influence the bee‟s visitation intensity. 

The deltamethrin-treated field study places produced significantly lighter marketable 

fruits, and the melon yield was significantly smaller in field study places treated with 

the azadirachtin-based insecticide. Collectively, our results reinforce the idea that 

botanical pesticides should not be exempted from risk assessment analysis and 

stress the importance of conducting complementary assays (e.g., field analysis) to 

select a pesticide management plan that minimizes impacts on pollination services 

performed by naturally occurring bee pollinators. 

Keywords: pollination services; botanical insecticides; Halictus sp.; Plebeia sp. 
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1. Introduction 

 The utilization of pesticides (e.g., herbicides, insecticides, and fungicides) has 

enabled farmers to increase high quality food production 1-3. However, the injudicious 

application of these agricultural tools has been shown to harm many insect species 

that assist in pollination 4-7, reducing the highly valuable contribution of this 

ecosystem service to agricultural production 8, 9. 

 Declines in pollinator populations are considered such a threat to global food 

production, that USA- and European federal agencies have been attempting to 

stablish strategies on pollination health that prevent or recover such phenomenon 10, 

11. Much attention was initially given to the pesticide-mediated reductions on the 

number of honey bee pollinators, mainly A. mellifera in the USA and in some 

European countries, but those initial concerns have been replaced by a broader 

concern related to the decline of pollinator bees in general 12-18 

 Although wild bee species exist in almost all terrestrial ecosystems, only the 

honey bee A. mellifera and some bumble bee species (Bombus sp.) are used for 

used for large scale managed pollination and toxicological studies. The majority of 

studies assessing pesticide impacts on pollinators have focused on A. mellifera with 

few studies assessing the susceptibility of wild bee species to synthetic or botanical 

pesticides 18-23. It might be due to the equivocated and prevalent consensus that A. 

mellifera is extremely sensitive compared with other bee species 24, 25. However, 

recent studies have registered higher susceptibility or presence of sublethal effects 

on other bee species despite the fact that these compounds were considered safe in 

a risk assessment with honey bees 18, 25-28. 

 Some studies have demonstrated that crop productivity is improved by bee-

mediated pollination 8, 9, 29, whereas other investigations suggest that the benefits 

accrued from pollination are achieved only when plant protection (e.g. pest and 

disease management) practices are used 15, 30. Thus, plant protection practices 

should be set in regional contexts 15, 29-32 to conserve the benefits provided by 

naturally occurring pollinator bees.  

 Here, we conducted field experiments in the Brazilian Cerrado to evaluate 

which plant protection practices (e.g., synthetic or botanical pesticides) would 

minimize impacts on naturally occurring pollinator bees (and their services) in melon 

(Cucumis melo L.) fields. Despite the fact that the Cerrado area covers approximately 
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23% of the Brazilian territory 33, 34, investigations on the natural-occurring bee fauna 

(and pollination services) are scarce and crop management interventions (e.g., 

cultivar types, soil and plant protection practices) have not been developed with this 

region in mind. This research gap is surprising, because this ecological region is one 

of the world‟s most important agricultural frontiers 35, 36, and the introduction of 

commercial plants dependent on insect-mediated pollination in commercial fields, 

such as the melon Cucumis melo L., has increased rapidly during the last decade 37, 

38.  

2. Material and methods 

2.1 Study site 

 The study was conducted between July 2014 and September 2014 at the 

experimental unit of the Universidade Federal do Tocantins (UFT) in Gurupi, 

Tocantins State, Brazil (latitude 11º44'46.55"S, longitude 49º3'6.595"W, and altitude 

of 280 m). The site is typical of the Brazilian Cerrado region. According to Köppen, 

the climate of the region is Aw, i.e., tropical hot and humid, with two climate seasons: 

a dry season from June to September, and a rainy season from October to April 39.   

2.2 Cultivation conditions and experimental design 

 We adapted the cultivation procedures normally used in the commercial melon 

fields of other Brazilian regions. The soil was prepared with two heavy diskings and a 

leveling disk harrow. Double-face (white-black) plastic canvas (150 mm thick) was 

used to cover the rows, with the white face up. Plants were watered via drip irrigation 

and a base fertilizer (N-P-K: 5-25-15; Adubos Araguaia Indústria e Comércio Ltda., 

Goiânia-GO, Brazil) of 1000 kg/ha was applied. An application of 60 g of urea (45% 

N, Adubos Araguaia Indústria e Comércio Ltda., Goiânia-GO, Brazil) and 60 g of 

potassium chloride (Adubos Araguaia Indústria e Comércio Ltda., Goiânia-GO, 

Brazil) was added to each pit as a topdressing 20 and 40 days after planting. We 

used melon seeds of the cultivar „Casca de Carvalho Comprido‟ purchased from 

Feltrin Sementes (Feltrin Sementes LTDA, Farroupilha, RS, Brazil). The melon 

seedlings were grown in disposable cups (with a volume of 0.3 L) containing 
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commercial substrate (Germinar XI, Bioflora Ltda, Prata, MG, Brazil) for vegetables, 

and the seedlings were transplanted 10 days after sowing. 

 We used a randomized block experimental design consisting of five treatments 

(pesticide regimens used in other Brazilian regions to control insect pests or to 

control fungal plant diseases) and four study fields. The distance between the study 

fields was 5 m in length. Each study field was divided into five plots. Each plot 

consisted of two rows, each row containing 10 pits. Two plants were planted per pit. 

The distance between the rows and pits was 1.5 and 0.5 m, respectively. The plots 

were 2 m apart. 

The pesticide regimens evaluated were:  (i) 0.3 mL/L Decis 25EC 

(deltamethrin [25 g a.i/L]; Bayer Cropscience LTDA, São Paulo-SP, Brazil); (ii) 2 g/L 

of Cerconil WP (commercial mixture of thiophanate-methyl [200 g a.i./kg] + 

chlorothalonil [200 g a.i./kg]; Iharabras Indústrias Químicas S.A, Sorocaba, SP, 

Brazil); (iii) simultaneous application of Decis 25EC and Cerconil WP (at the same 

dose of each pesticide used in the single applications); (iv) 300 mL/L of Neenmax 

(azadirachtin [1.2 g a.i/L]; Insetimax Indústria Química, Jardinópolis, SP, Brazil) and 

(v) tap water (control). The insecticide-based treatments were used to control 

lepidopteran larvae, primarily the pickleworm Diaphania nitidalis as well as the 

Brazilian leaf worm Diabrotica speciosa and aphids. The fungicide treatment was 

applied to control the soil-borne fungal pathogen Didymella bryoniae. Three pesticide 

applications were performed during the flowering season, with seven days apart and 

always at the late afternoon (around 5:00 pm). Extensive efforts were made to avoid 

the influence of pesticide drifts, by using manual sprayers and physical barriers 

(plastic canvas with 1.5 m height) during each pesticide application.  

2.3 Diversity and flower visitation rates of pollinator bees 

To distinguish pollinator bees from mere floral visitors, we only recorded bee 

species that were clearly carrying melon pollen and were making contact with the 

flower‟s anthers and stigmas. Specimens of these bees were captured, killed in a jar 

using ethyl acetate, prepared, and taxonomically identified at the Phytosanitary 

Laboratory (Federal University of Tocantins, Gurupi, TO, Brazil), where voucher 

specimens have been deposited.   
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We conducted preliminary investigations, and observed that visits of pollinator 

bees to C. melo flowers were influenced by the time of day, with visit intensity peaks 

between 8:00 and 11:00 a.m., decreasing to zero by approximately 12:00 p.m. Only a 

few A. mellifera individuals were observed during the afternoon time (mostly after 

4:00 p.m). Thus, in this study, we only recorded the bee visitation frequency on the 

mornings (from 07:00 a.m. -12:00 a.m.). The 5th, 12th and 19th days of the flowering 

season were chosen for pesticide applications. The bee visitation frequencies were 

recorded on the morning of application days as well as mornings following the 

pesticide applications. These observations were always performed during the first 10 

min of each anthesis hour, as described in other studies 37, 40, 41. We used one 

observer per experimental block.  

2.4 Yield traits under pesticide treatments 

 As the bee frequency evaluation was recorded per experimental field study 

place, all the following yield parameters were evaluated for the same experimental 

unit. We evaluated not only qualitative parameters such as the total soluble solids 

(TSS) and the total titratable acidity (direct titration in citric acid), but also quantitative 

parameters such as the number of marketable fruits, the average fruit weight, and the 

estimated yield per hectare. The total soluble solid determinations were performed by 

using a portable refractometer (Master T 2312, Atago do Brasil LTDA, Ribeirão Preto, 

SP, Brazil), and the values were expressed in °Brix. The total titratable acidity values 

were obtained according the procedures described by the Instituto Adolfo Lutz 42 and 

were expressed in percentage. The number of marketable fruits, average fruit weight, 

and estimated yield per hectare were calculated and subjected to correlation analysis 

with the number of bees that visited the experimental plots.  

2.6 Statistical analysis  

The number of each pollinator bees that visited C. melo flowers was subjected 

to repeated-measures analysis of variance (ANOVA). The percent change observed 

in the number of bees after each pesticide application (i.e., on the mornings of the 

6th, 13th and 20th days of flowering season) were used as replicated measurement 

(within sample variation) to avoid problems of pseudoreplications in time 43, 44. The 

GLM procedure with the PROFILE statement was used for this analysis 45.  In 
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addition, correlations between the number of bees of each bee species (as well as 

the bee abundance - i.e., the sum of all bees that were recorded on the 5th, 6th, 12th, 

13th, 19th and 20th days of flowering) and productivity traits (the number of fruits set, 

the number of marketable fruits, the average fruit weight, the total soluble solids and 

the total titratable acidity) were determined PROC CORR; 45. The assumptions of 

normality and homogeneity of variance were checked using the UNIVARIATE 

procedure 45, but no data transformation was necessary. 

3. Results 

 The climatic and weather data for 2014 are shown in Figure 1. The monthly 

average temperature varied from 20.9ºC (minimum temperature) to 32.9ºC 

(maximum temperature), and the rainfall was primarily concentrated from January to 

May and September to December, with an annual precipitation of 1428.6 mm (Fig. 

1A). The average temperature and relative humidity on days when the visitation 

frequency was evaluated are presented in Fig. 1B. In the morning, when greater bee 

visitation rates were observed, the temperature ranged from 21.3°C to 33.9°C, and 

the average relative humidity ranged from 36.3% to 80.8%. 

3.1 Diversity and flower visitation rates of pollinator bees 

 The honeybee A. mellifera L. and three wild bee species (Halictus sp., Plebeia 

sp., Trigona spinipes F.) were observed visiting both hermaphrodite and male flowers 

in all six evaluation days. However, the number of T. spinipes visits was too small 

(supplementary Table 1) for any statistical analysis. All bee species exhibited similar 

foraging behaviors and collected nectar and pollen. The repeated-measures ANOVA 

for the number of bees visiting C. melo flowers showed that the visitation rates of 

each bee species varied significantly with the anthesis hour, and was differentially 

affected by the pesticide treatments (P < 0.05; Tables 1-3).  For A. mellifera and 

Halictus bees, significant effects were also observed for the interactions between the 

application of deltamethrin+fungicides and anthesis hour (P < 0.05; Tables 1 and 2).  

 The visitation rates of Plebeia bees were not affected by either botanically 

based or synthetic pesticides, but decreased naturally reduced at the end of 

flowering period (Table 3, Fig. 2). Without application of pesticides (i.e control 

treatment), the visitation intensity of A. mellifera decreased significantly over the 

file:///C:/Users/Marcela/Downloads/Art%202%20Tschoeke%20et%20al.%202015%20-%2029may2015%20(for%20submission).docx%23_ENREF_45
file:///C:/Users/Marcela/Downloads/Art%202%20Tschoeke%20et%20al.%202015%20-%2029may2015%20(for%20submission).docx%23_ENREF_45


52 

 

 

 

flowering period, and peaked between 8:00 and 11:00 a.m. (Fig. 3A). The visitation 

rates of Halictus bees in the absence of pesticide treatment differed from those 

observed for A. mellifera, being significantly (Table 2; Fig. 3B) higher after the middle 

(i.e., the second week) of flowering period.  For both A. mellifera and Halictus bees, 

significant reductions in visitations were observed in the field study places treated 

with deltamethrin (alone or mixed with fungicides) or neem-based insecticides (Figs 4 

and 5). The treatment with fungicides alone did not impact the visitation intensity of 

any pollinator bees (Tables 1-3).   

3.2 Yield traits under pesticide treatments 

 Although the deltamethrin-treated field study places produced similar (Fig. 6A) 

quantities of marketable fruits compared to the control places, these fruits were the 

lightest fruits produced among the field study places (F = 18.0, df = 4, P < 0.0001; 

Fig. 6B). The field study places treated with the azadirachtin-based insecticide 

produced fewer marketable fruits (F = 3.9, df = 4, P = 0.023; Fig. 6A), and resulted in 

the smallest fruit yield (F = 3.9, df = 4, P = 0.023; Fig. 6C). As shown in Fig. 6C, the 

pesticide treatment that resulted in the most satisfactory fruit yield was the joint 

application of deltamethrin and fungicides (i.e., thiophanate-methyl + chlorothalonil). 

No significant differences were observed for the qualitative parameters total of 

soluble solids (F = 1.5, df = 4, P = 0.240) and total titratable acidity (F = 2.7, 

df = 4, P = 0.069). 

3.3 Correlations between the number of visiting bees and productivity traits 

 Our correlation analysis showed that the number of marketable fruits was 

significantly correlated with the number of A. mellifera (r = 0.55, P = 0.013), and with 

bee abundance (r = 0.71, P < 0.0001). The fruit yield was also significantly correlated 

with the number of A. mellifera (r = 0.45, P = 0.047), as well as bee abundance (r = 

0.58, P = 0.007). 

4. Discussion  

  The effects of pesticides on pollinator biodiversity represent a global trend 

that is garnering much concern 7, 26, 46-49. In the current study, we recorded four 

naturally occurring bee species (Apis mellifera, Halictus sp., Plebeia sp., and Trigona 
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spinipes) contributing to the pollination of melon fields in the Brazilian Cerrado. We 

found variation in visitation patterns among Apis mellifera, Halictus sp., and Plebeia 

bees where no pesticide were applied, but the flower-visiting rates of these bees was 

equally affected by application of synthetic (e.g. the pyrethroid deltamethrin) and 

botanical (e.g. neem-based) insecticides. However, sole applications of synthetic 

fungicides (such as thiophanate-methyl and chlorothalonil) did not impact these bee‟s 

visitation rates. 

 Variation in visitation patterns among Apis mellifera, Halictus sp., and Plebeia 

bees might be related to the ecology of these pollinators.  While A. mellifera is 

considered a generalist/opportunist with regard to food resources, able to exploit a 

variety of food sources over long distances from the colony 50, and select only those 

resources with the greatest resource availability or with greatest energy gain 51, the 

Halictus bees have small bodies (limiting their flight capacity), form colonies with 

small numbers of individuals, and colonies must be located in the vicinity of food 

sources and nest-building materials for nest building 52-54.  

 How pesticide application influences bee-mediated pollination is not 

thoroughly understood and recent investigations have generated conflicting results 15, 

29, 30.While pollination mitigated yield gaps more than pesticide use in tropical 

smallholder gardens 29, other investigations suggest that the benefits accrued from 

pollination are linked to plant protection (e.g., pest and disease management) 

practices 15, 30.  

 Our productivity results suggest that the situation is even more complex, and 

demonstrate that sustainable recommendations for pollinator management need to 

be tailored to regional contexts. Here, effective pest control using a pesticide that is 

considered sustainable (i.e., a neem-based insecticide) not only significantly reduced 

the visitation intensities of A. mellifera and Halictus sp., but also resulted in the 

lowest productivity. This result reinforces the argument that botanical insecticides 

should not be exempted from risk assessment analysis 21, 24, 55, and stresses the 

importance of conducting complementary assays (e.g., field analysis) for botanically 

based insecticides. Indeed, neem-based pesticides have been considered as 

excellent candidates for controlling honey bee pests 56-58, but investigations 

characterizing the field effects of these botanical pesticides on non-Apis pollinator 

bees are still very scarce. 
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 Considering that equally effective pest control was achieved by the sole 

application of the synthetic insecticide deltamethrin, which also reduced the visitation 

rates of A. mellifera and Halictus sp., but did not alter the productivity levels, we can 

not rule out the possibility that the neem-based insecticide might have affected some 

physiological processes of the melon plants (e.g., phytotoxic actions), which 

mitigated the benefits provided by the pest control. For instance, neem plant products 

had shown phytotoxic effects for weeds and crops 59, 60.  The similar susceptibility of 

Halictus bees and A. mellifera to deltamethrin- and neem-based insecticide 

emphasizes the limited value of extrapolating the results of toxicity bioassays that 

compare A. mellifera to wild pollinator species. Other studies have documented 

sublethal insecticide effects on other bee species, even though these compounds 

were considered safe in a risk assessment with honey bees 18, 21, 24, 27, 28. The 

differential life histories (e.g., sociality, body size, target-site sensitivity, and capacity 

for detoxification by enhanced metabolism) of these pollinator bees might also help to 

explain these different pesticide susceptibilities 24, 61, 62. 

 Consistent with results of previous studies 15, 30, the highest melon 

productivities in this investigation were achieved in study field places treated with 

both pest and plant disease control agents. This demonstrates that the judicious 

application of such agricultural practices potentiates the pollination services provided 

by the natural-occurring pollinator bees. To achieve this, however, the chosen form of 

pesticide management needs to facilitate the maintenance or increase the diversity 

and abundance of the pollinator bees that tolerates to these agricultural practices. 

For melon production in the Brazilian Cerrado, such practices need to promote the 

maintenance of Plebeia bees in the vicinity of melon fields, because this species was 

the least affected by all pesticide treatments. Collectively, the present investigation 

reinforces the contribution of Apis mellifera, Halictus sp., Plebeia sp., and T. spinipes 

to the pollination of melon plants in Brazilian Cerrado, as recently suggested 

elsewhere 37, but also identifies specific forms of pesticide management that optimize 

melon production in the Cerrado region. Further investigations on pollination benefits 

and other management interventions (e.g., soil and plant management) that 

contextualize melon production in this one of the world‟s most important agricultural 

frontiers are urgently needed.  
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Figure Legends 

Fig. 1. Climatic data obtained at the Experimental Unit of the Universidade Federal 

do Tocantins, Gurupi, Tocantins State, Brazil. A. The monthly minimum, maximum, 

and average temperature for the year 2014. B. The average temperature and relative 

humidity on the six evaluation days (5th, 6th, 12th, 13th, 19th and 20th days of 

flowering). 

Fig. 2. Visitation rates of Plebeia sp. at C. melo flowers under Cerrado conditions. 

The number of Plebeia sp. was significantly affected only by the anthesis hour 

(P < 0.05; Table 3) and flowering season (time), and not by the pesticide applications 

(P > 0.05; Table 3). The average number of visits on the days before and after the 

pesticide applications is indicated by black (cumulative average for the 5th and 6th 

days of flowering), red (cumulative average for 12th and 13th days of flowering) and 

blue (cumulative average for 19th and 20th days of flowering) symbols. 

Fig. 3. Visitation rates of A. mellifera and Halictus bees at C. melo flowers under 

Cerrado conditions, and in the absence of pesticide treatments. The number of visits 
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by A. melifera (A) and Halictus bees (B) was affected by the anthesis hour and by 

the flowering period (P < 0.05, Tables 2-3). While A. mellifera visit rates were 

decreased significantly over the flowering period, the visitation rates of Halictus bees 

were significantly (Table 2; Fig. 3B) higher after the middle (i.e., second week) of 

flowering period.   

Fig. 4. Effects of pesticides on the visitation rates of A. melifera at C. melo flowers 

under Cerrado conditions.  A. Number of visits by A. melifera was not affected by 

application of tap water (P > 0.05, Table 1). B. The application of neem-based 

insecticide (B), or deltamethrin alone (C) or mixed with fungicides (D) significantly 

reduced the visitation intensity of A. melifera (P < 0.05, Table 1). The percent change 

in the number of visits on the day after the pesticide applications are indicated by in 

black (after 1st application), red (after 2nd application) and blue (after 3rd application) 

symbols. 

Fig. 5. Effects of pesticides on the visitation rates of Halictus sp. at C. melo flowers 

under Cerrado conditions.  A. Number of visits by Halictus sp. was not affected by 

application of tap water (P > 0.05, Table 2). B. The application of neem-based 

insecticide (B), or deltamethrin alone (C) or mixed with fungicides (D) significantly 

reduced the visitation intensity of Halictus sp. (P < 0.05, Table 2). The percent 

change in the number of visits on the day after the pesticide applications are 

indicated by in black (after 1st application), red (after 2nd application) and blue (after 

3rd application) symbols. 

Fig. 6. Evaluation of the number of marketable fruits per plant (A), average fruit 

weight (B), and productivity (C) of C. melo planted under Cerrado conditions. Box 

plots indicate the range of data (lower and upper quartiles and extreme values), 

median, and average (symbols). Box plots with the same letter indicate that there 
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were no significant differences among the pesticide treatments using Tukey's HSD 

test (P < 0.05). 
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Table 1. Repeated measures analysis of variance for the total number of Apis mellifera at C. melo flowers. 

Sources of  

variation 

 Control deltamethrin  Fungicide deltamethrin + fungicide neem 

df 
F P F P F P F P F P 

Between samples            

Hour (H) 4 2.92 0.037* 6.71 0.0006* 8.42 <0.001* 20.6 <0.001* 6.58 0.0007* 

Pesticide 
aplication (PA) 

1 0.04 0.83 4.81 0.0362* 1.47 0.24 10.8 0.0026* 9.82 0.0039* 

H x PA 4 0.78 0.55 1.55 0.21 0.25 0.91 3.07 0.0315* 1.20 0.33 
Error 30 - - - - - - - - - - 

 dfden/dfnum 
Wilks‟  

lambda 
F P 

Wilks‟  

lambda 
F P 

Wilks‟  

lambda 
F P 

Wilks‟  

Lambda 
F P 

Wilks‟  

lambda 
F P 

Within Samples                 

Time (T) 29 /2 0.305 10.3 0.0004* 0.975 33.1 <0.001* 0.642 7.82 0.002* 0.429 19.3 <0.001* 0.647 7.65 0.0022* 
T x H 58 /8 0.647 1.81 0.09 0.546 2.56 0.0253* 0.819 0.74 0.66 0.646 1.77 0.10 0.573 2.24 0.0372* 

T x PA 29 /2 0.995 0.07 0.94 0.885 1.88 0.17 0.876 1.98 0.16 0.416 20.3 <0.001* 0.955 0.66 0.52 

T x H x PA 58 /8 0.507 2.93 0.008* 0.631 1.87 0.08 0.656 1.64 0.14 0.502 2.98 0.0072* 0.793 0.86 0.57  

* Significant at P < 0.05. 
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Table 2. Repeated measures analysis of variance for the total number of Halictus sp. at C. melo flowers. 

Sources of  

variation 

 control deltamethrin (d)  fungicide(f) deltamethrin + fungicide neem 

df 
F P F P F P F P F P 

Between 
samples 

           

Hour (H) 4 13.30 <0.0001* 7.28 0.0003* 7.58 0.0002* 20.58 <0.001* 11.05 <0.001* 

Pesticide 
application 
(PA) 

1 1.29 0.27 5.75 0.0329* 0.17 0.68 10.77 0.0002* 4.86 0.0353* 

H x PA 4 1.71 0.17 1.14 0.36 1.19 0.33 3.06 0.0315* 1.67 0.18 
Error 30 - - - - - - - - - - 

 dfden/dfnum 
Wilks‟  

lambda 
F P 

Wilks‟  

lambda 
F P 

Wilks‟  

lambda 
F P 

Wilks‟  

Lambd

a 

F P 
Wilks‟  

lambda 
F P 

Within 
Samples 

                

Time (T) 29 /2 0.251 43.4 <0.0001* 0.299 33.3 <0.001* 0.374 27.2 <0.001* 0.429 19.9 <0.001* 0.423 19.7 <0.001* 
T x H 58 /8 0.349 5.02 <0.0001* 0.422 3.91 0.0010* 0.329 5.38 <0.001* 0.646 1.77 0.10 0.402 4.17 0.0010* 

T x PA 29 /2 0.437 18.7 <0.0001* 0.400 21.7 <0.001* 0.816 3.27 0.0523 0.417 20.3 <0.001* 0.572 4.77 0.0161* 

T x H x PA 58 /8 0.370 4.67 0.0002* 0.530 2.70 0.0135* 0.683 1.52 0.16 0.502 2.98 0.0072* 0.796 0.88 0.54 

* Significant at P < 0.05. 
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Table 3. Repeated measures analysis of variance for the total number of Plebeia sp. at C. melo flowers. 

Sources of  

variation 

 control deltamethrin (d)  fungicide(f) deltamethrin + fungicide neem 

df 
F P F P F P F P F P 

Between 
samples 

           

Hour (H) 4 15.42 <0.0001* 13.97 <0.0001* 18.93 <0.0001* 14.52 <0.001* 12.61 <0.001* 

Pesticide 
application 
(PA) 

1 3.16 0.08 0.12 0.73 3.31 0.07 1.12 0.29 0.01 0.94 

H x PA 4 0.24 0.91 1.41 0.25 2.47 0.06 0.31 0.87 0.39 0.81 
Error 30 - - - - - - - - - - 

 dfden/dfnum 
Wilks‟  

lambda 
F P 

Wilks‟  

lambda 
F P 

Wilks‟  

lambda 
F P 

Wilks‟  

Lambd

a 

F P 
Wilks‟  

lambda 
F P 

Within 
Samples 

                

Time (T) 29 /2 0.382 23.4 <0.0001* 0.207 55.5 <0.001* 0.332 29.1 <0.001* 0.443 18.2 
<0.00
1* 

0.341 28.0 <0.001* 

T x H 58 /8 0.583 2.24 0.0369* 0.435 3.74 0.0014* 0.460 3.43 0.0027* 0.524 2.76 
0.011

8* 
0.520 2.81 0.0107* 

T x PA 29 /2 0.956 0.67 0.52 0.963 21.7 0.58 0.863 2.28 0.12 0.998 0.02 0.97 0.921 1.23 0.30 

T x H x PA 58 /8 0.600 2.11 0.0496* 0.840 2.70 0.72 0.680 1.54 0.16 0.502 0.90 0.52 0.730 1.24 0.29 

* Significant at P < 0.05. 
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RESUMO  

A área cultivada da cultura do meloeiro, Cucumis melo, vem aumentando no Cerrado 

brasileiro. No Tocantins são verificados plantios na estação seca e na estação 

chuvosa, mas independente da estação climática, há ocorrência nessas áreas do 

crestamento gomoso do caule, Didymella bryoniae, a principal doença da cultura. 

Este trabalho foi proposto devido às perspectivas de incremento das áreas plantadas 

com meloeiro e a escassez de informações que abordem a influência da época de 

cultivo sobre o progresso temporal da doença nessa condição edafoclimática. Para 

tanto, foram conduzidos três ensaios em área de cerrado visando verificar o 

progresso temporal da doença de acordo com a época de cultivo: estação seca, 

estação chuvosa e período de transição entre elas. Nos dois primeiros ensaios foi 

utilizada uma cultivar de meloeiro: Eldorado 300, e quatro tratamentos utilizando: 

fungicida, inseticida ou a mistura destes. No terceiro ensaio foram utilizadas seis 

cultivares de meloeiro: Eldorado 300, Hibrix, Favo, Louro, Gaucho Redondo e 

Canarian, cultivadas com e sem a aplicação de pesticidas. Foi observada a 

incidência da doença nos caules e a severidade desta nas folhas a cada cinco dias a 

partir do 15° dia após a emergência das plântulas. Os menores valores de progresso 

temporal, tanto para incidência nos caules como para a severidade da doença nas 

folhas foram observados no cultivo realizado na estação seca. Não houve colheita 

de frutos nos cultivos da estação chuvosa e no período de transição entre estações 

devido à severidade da doença nas folhas e apodrecimento dos frutos. Os 

resultados obtidos sugerem que o cultivo de meloeiro em áreas de cerrado deva ser 

efetuado durante a estação seca, onde predominam condições climáticas favoráveis 

ao meloeiro e desfavoráveis ao patógeno. 

 

Palavras chave: Didymella bryoniae; epidemiologia; Cucumis melo; Cerrado 
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ABSTRACT 

 

Associated factors on incidence of gummy stem blight in the Brazilian Cerrado 

Cerrado 

The area of cropping of muskmelon, Cucumis melo, has increased in the Brazilian 

Cerrado. In Tocantins state are checked plantations in the dry season and the rainy 

season, but regardless of the weather station, there occurrence in these areas, the 

gummy stem blight, Didymella bryoniae, the main disease of the crop. Considering 

the prospects of increase in areas planted with melon and the lack of studies that 

address the influence of sowing date on the temporal progress of the disease in 

edaphoclimatic condition is that we proposed this work. Thus, we conducted three 

tests in Cerrado in order to verify the temporal progress of the disease according to 

the growing season: dry season, rainy season and period of transition between them. 

In the first two trials was used a cultivar of muskmelon: Eldorado 300, and four 

treatments using fungicide, insecticide or mixture thereof. In the third test were 

selected six cultivars of muskmelon: Eldorado 300, Hibrix, Favo, Louro, Gaucho 

Redondo and Canarian, cultivated with and without the application of pesticides. The 

incidence of the disease was observed in stems and the severity of this leaves every 

five days from the 15th day after seedling emergence. The lower temporal progress 

values for both incidence stems as to the severity of the disease on the leaves were 

observed in the cultivation done in the dry season. There was no fruit harvest crops 

in the rainy season and during the transition period between stations due to the 

severity of the disease on the leaves and rotting fruit. The results suggest that the 

melon crops in cerrado areas should be done during the dry season, dominated 

climatic conditions favorable to the melon and unfavorable to the pathogen. 

 

Keywords: Didymella bryoniae; epidemiology; Cucumis melo 
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1 INTRODUÇÃO 

 O meloeiro, Cucumis melo L., é a segunda fruteira tropical mais exportada do 

Brasil, sendo o semi-árido nordestino a principal região produtora, com cerca de 

90% da área cultivada no país (IBGE 2014). Nos últimos anos esta olerícola vem 

aumentando os cultivos no Cerrado brasileiro (IBGE 2014), uma das mais 

importantes fronteiras agrícolas no mundo (Mittermeier et al. 2004, Maia et al. 2013).  

Neste contexto, a implantação de plantios comerciais em novos ambientes 

depende do conhecimento das interações entre os agentes bióticos e abióticos que 

atuam nesses agroecossistemas. De posse dessas informações é possível propor 

estratégias de manejo que minimizem ou otimizem a influência desses agentes 

sobre as plantas, os quais podem vir a viabilizar ou não a exploração agrícola, 

devido aos níveis de produtividade e padrões de qualidade obtidos, bem como os 

impactos ambientais decorrentes dessas estratégias. 

O estado do Tocantins possui características edafoclimáticas favoráveis ao 

cultivo do meloeiro, sendo observados cultivos na estação seca e na estação 

chuvosa, mas independente da época de cultivo ocorre a incidência do crestamento 

gomoso do caule nesses plantios (Santos et al. 2009c). O crestamento gomoso é a 

principal doença do meloeiro, sendo ocasionada pelo fungo  Didymella bryoniae 

(Auersw.) Rehm (anamorfo Ascochyta cucumis  (Fautrey & Roum.) e descrito na 

França, Itália e Estados Unidos em 1891 (Chiu e Walker 1949, Keinath 1995). 

Encontra-se disseminada em todo mundo (Kothera et al. 2003, Keinath 2008, Santos 

et al. 2009b, Choi et al. 2010, Li et al. 2015), atacando caules, folhas e frutos de 12 

gêneros e 24 espécies de cucurbitáceas cultivadas em campo aberto ou ambiente 

protegido (Keinath et al. 1995, Santos et al. 2005a, Babadoost e Zitter 2009, Keinath 

2011, Keinath 2014a, Keinath 2014b). No Brasil, o meloeiro, C. melo e a melancieira, 

Citrullus lanatus L., são os hospedeiros mais suscetíveis à doença (Santos et al. 

2009b). Além dos danos a campo, a doença também afeta parâmetros de qualidade 

dos frutos de melão na pós-colheita, tais como o teor de sólidos solúveis totais e 

acidez titulável total (Condurso et al. 2012, Verzera et al. 2014).  

O agente causal pode ser transmitido via sementes infectadas (Lee et al. 

1984, Sudisha et al. 2006), ferramentas de poda (Vida et al. 2004) e sobrevive em 
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restos de cultura e no solo por longos períodos (Van Steekelenburg 1983, Keinath 

2002, Keinath 2008). Injúrias nas plantas causadas por ferimentos ou insetos 

servem de porta de entrada para o patógeno (Bergstrom e Knavel 1982, Neergaard 

et al. 1993, Santos et al. 2005c).  

A aplicação de fungicidas (Keinath 1995, Keinath 2001, Santos et al. 2005b, 

Thomas et al. 2012, Keinath 2013) é a forma de controle mais preconizada, embora 

a resistência genética (Henning et al. 2005, Dhillon et al. 2009, Keinath 2013, 

McCreight et al. 2013, Keinath 2014a) e outras práticas culturais tais como rotação 

de culturas (Santos et al. 2005c), manejo de adubação  (Santos et al. 2009a, Santos 

et al. 2010, Santos et al. 2013a), irrigação (Santos et al. 2013a) entre outras, sejam 

utilizadas no manejo integrado da doença. 

Os fatores climáticos, temperatura, pluviosidade e umidade do ar tem grande 

importância no processo infeccioso e na disseminação do patógeno na melancia e 

em outras cucurbitáceas (Van Steekelenburg 1985, Van Steekelenburg 1986, Arny e 

Rowe 1991, Santos et al. 2005c). Contudo, não foram encontrados trabalhos na 

literatura que abordem a influência desses fatores na epidemiologia do crestamento 

gomoso do meloeiro. Devido à lacuna de conhecimento sobre a influência da época 

de cultivo do meloeiro sobre a doença é que se propõe este trabalho. O objetivo 

desse trabalho foi verificar a influência da época de cultivo sobre o progresso 

temporal do crestamento gomoso do meloeiro cultivado em condições de cerrado.  

2 MATERIAL E MÉTODOS 

Foram conduzidos três ensaios em estações climáticas distintas: estação 

seca (ensaio I), estação chuvosa (ensaio II) e período de transição entre a estação 

seca e a estação chuvosa (ensaio III), compreendendo os períodos de junho a 

setembro de 2013, janeiro a março de 2014 e agosto a outubro de 2014, 

respectivamente.  

2.1 Ensaios I e II   

Estes ensaios foram executados em área localizada no setor de olericultura 

da Universidade Federal do Tocantins – UFT, município de Gurupi, Estado do 

Tocantins, Brasil. Esta área está inserida no Bioma Cerrado nas coordenadas 

geográficas: latitude de 11º44'44.866"S e longitude de 49º3'8.968"O e altitude de 
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278 metros, possuindo histórico de plantio de meloeiro e epidemia natural de 

crestamento gomoso do caule. O solo é classificado como Latossolo Vermelho-

Amarelo distrófico (Santos et al. 2013b) e textura média.  

Segundo a classificação de Köppen, o clima da região é Aw, definido como 

tropical quente e úmido com estação chuvosa no verão e seca no inverno.  A 

temperatura média anual está em torno de 26 ºC, sendo a amplitude térmica média 

anual muito pequena, com temperatura média mensal mínima de 20 ºC e média 

mensal máxima de 33 ºC. A precipitação média anual é de 1.632 mm, registrando-se 

nos meses de outubro a março os maiores índices pluviométricos e, de abril a 

setembro, os menores (Samani e Hargreaves 1985). 

 O preparo inicial do solo foi realizado por meio de duas gradagens pesadas e 

uma gradagem niveladora, enquanto que, para o levantamento dos canteiros, foi 

utilizada uma enxada rotativa encanteiradora (0,70 m de largura na base superior, 

0,90 m de largura na base inferior e altura de 0,30 m). Os canteiros foram protegidos 

com lona plástica dupla face (preta/branca) com espessura de 150 micrômetros, 

deixando-se exposta a face branca. A adubação de base foi feita utilizando-se 1000 

kg ha-1 da formulação 05-25-15 (Adubos Araguaia Indústria e Comércio Ltda., 

Goiânia-GO, Brasil), dois litros de esterco curtido de curral por cova e aplicados em 

cada cova 60 g de uréia (Adubos Araguaia Indústria e Comércio Ltda., Goiânia-GO, 

Brasil) e 60g de cloreto de potássio (Adubos Araguaia Indústria e Comércio Ltda., 

Goiânia-GO, Brasil) aos 20 e 40 dias após o plantio, como adubação de cobertura. 

Foi utilizada irrigação localizada por gotejamento (3,6 L/hora) visando atingir a 

capacidade de campo e turno de rega fixo.  Foram semeadas cinco sementes cova-1 

e realizado o desbaste de três plântulas aos 10 dias após a emergência – DAE. 

Nestes ensaios, cada parcela experimental continha duas linhas (canteiros) 

de plantio. Em cada linha haviam cinco covas e duas plantas de meloeiro da cultivar 

Eldorado 300 (ISLA Sementes Ltda., Porto Alegre, RS, Brasil) por cova. O 

espaçamento entre as plantas foi de 0,5 m, enquanto o espaçamento entre linhas foi 

de 1,5 m. O espaçamento entre parcelas foi de 5,0 m.  

 O delineamento experimental utilizado foi blocos casualizados, com quatro 

repetições e seis tratamentos. Os tratamentos aplicados estão descritos na Tabela 

4.1. 
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Os tratamentos, baseados no costume local de manejo do crestamento 

gomoso, foram aplicados a cada sete dias, no final da tarde, utilizando-se 

pulverizador costal pressurizado a CO2, com bico cônico e pressão constante 

ajustada para 4,84 libras/pol2 e volume de calda ajustado para 200 l/ha. 

Para avaliar a incidência do crestamento gomoso, as plantas foram 

monitoradas a cada cinco dias e contabilizado o número de caules com os sintomas 

da doença de acordo a metodologia utilizada por Santos et al. (2005a). Ao final das 

avaliações, os dados de incidência foram convertidos em Área Abaixo da Curva de 

Progresso da Doença (AACPD), conforme método descrito por Shaner e Finney 

(1977). 

 
Tabela 4.1 Tratamentos utilizados nos ensaios I e II. UFT, Gurupi, 2013/2014. 

Tratamento Especificação Fabricante 

T1 Água (controle) - 

T2 3g de Evidence 700 WG (imidacloprido [700 g i.a/L])/L 
Bayer Cropscience Ltda, São 
Paulo – SP, Brasil 

T3 0,3 ml de Decis 25CE (deltametrina [25 g i.a/L])/L 
Bayer Cropscience Ltda, São 
Paulo – SP – Brasil 

T4 
2 g de Cerconil WP (mistura comercial de tiofanato 
metílico [200g i.a./kg] + clorotalonil [200g i.a./kg])/L 

Iharabras Indústrias Químicas 
S.A, Sorocaba - SP, Brasil 

T5 Mistura (T4 + T2) - 

T6 Mistura (T4 + T3) - 

 

Para avaliar a severidade da doença em relação ao tempo, as plantas foram 

avaliadas a cada cinco dias, utilizando-se escala de notas descrita por (Santos et al. 

2005a) e (Sousa et al. 2014), onde: 0 – atribuída às plantas sadias; 1 – atribuída às 

plantas com menos de 1% da área foliar afetada; 3 – atribuída às plantas entre 1 e 

5% da área foliar afetada; 5 – atribuída às plantas entre 6 e 25% da área foliar 

afetada; 7 – atribuída às plantas entre 26 e 50% da área foliar afetada; 9 – atribuída 

às plantas com mais que 50% da área foliar afetada. Posteriormente as notas 

atribuídas à doença nas folhas foram convertidas para porcentagens de área foliar 

doente pelo ponto médio de cada nota. O número de avaliações de cada ensaio foi 

de acordo com o início do surgimento da doença.  Ao final das avaliações os dados 
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de severidade foram convertidos em Área Abaixo da Curva de Progresso da Doença 

(AACPD), conforme método descrito por Shaner e Finney (1977).  

A variáveis observadas foram submetidas à análise de variância, seguida de 

teste de Tukey a 5% de probabilidade com auxílio do programa estatístico SAS (SAS 

Institute 2008).  

Para avaliar a produtividade, todos os frutos comerciais (maduros e com 

massa superior a 0,5 kg) foram colhidos e pesados com balança digital (20 kg x 5 g). 

Os dados de produtividade foram submetidos à análise de variância, seguida de 

teste de Kruskal-Wallis a 5% de probabilidade com auxílio do programa estatístico 

SAS (SAS Institute 2008).  

2.2 Ensaio III 

Este ensaio foi executado na mesma área onde foram executados os ensaios 

I e II, sendo que o preparo do solo, adubação, irrigação e tratos culturais foram 

similares aos empregados nesses ensaios.   Para o controle das pragas foram 

utilizados pesticidas de acordo com o costume local de manejo de pragas e doenças 

do meloeiro: 3 g de Evidence 700 WG (imidacloprido [700 g i.a/L])/L e 0,3 ml de 

Decis 25CE (deltametrina [25 g i.a/L])/L, fabricados por Bayer Cropscience Ltda, São 

Paulo – SP, Brasil. Para o controle das doenças foram utilizados 2 g de Cerconil WP 

(mistura comercial de tiofanato metílico [200 g i.a./kg] + clorotalonil [200 g i.a./kg])/L 

fabricado por Iharabras Indústrias Químicas S.A, Sorocaba - SP, Brasil. Os 

pesticidas foram aplicados em apenas uma linha de cada parcela, a cada sete dias, 

no final da tarde, utilizando-se pulverizador costal pressurizado a CO2, com bico 

cônico e pressão constante ajustada para 4,84 libras/pol2 e volume de calda 

ajustado para 200 l/ha. Durante as aplicações foi utilizada uma lona plástica de 1,5 

m de altura entre as linhas de plantio de cada parcela com o intuito de evitar 

interferência dos pesticidas na linha que receberia apenas aplicação de água. 

Cada parcela experimental continha duas linhas (canteiro) de plantio, cada 

uma com três covas e uma planta de meloeiro. O espaçamento entre as plantas foi 

de 0,5 m, enquanto o espaçamento entre linhas foi de 1,5 m. O espaçamento entre 

parcelas foi de 5,0 m.  

 O delineamento experimental utilizado foi blocos casualizados com quatro 

repetições (blocos) e seis tratamentos (cultivares de meloeiro). Com exceção da 
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cultivar Hibrix (Nunhems do Brasil Comércio de Sementes Ltda., Campinas, SP; 

Brasil), as outras cultivares (Canarian, Gaúcho Redondo, Louro, Favo e Eldorado 

300) foram adquiridas de Isla Sementes (Isla Sementes Ltda., Porto Alegre, RS; 

Brasil). 

Neste ensaio foi realizada apenas a avaliação da severidade da doença nas 

folhas em relação ao tempo, de acordo com a metodologia descrita nos ensaios I e 

II. 

A variável observada foi submetida à análise de variância, seguida de teste de 

Tukey a 5% de probabilidade com auxílio do programa estatístico SAS (SAS Institute 

2008). 

3 RESULTADOS 

3.1 Ensaio I – Estação seca 

Os dados de temperatura e precipitação do cultivo na estação seca são 

apresentados na Figura 4.1 pela média do período de cinco dias que antecedeu 

cada avaliação de incidência e severidade do crestamento gomoso. As médias da 

temperatura variaram de 17,9 °C (temperatura mínima) a 34,7 ºC (temperatura 

máxima). A precipitação ocorreu um dia antes da avaliação final do ensaio, 

contabilizando 3,8 mm.  
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Figura 4.1 Variáveis climáticas registradas durante o cultivo do meloeiro na estação 

seca. UFT, Gurupi, 2013. 

A umidade relativa do ar variou de 30,7% (mínima) a 61% (máxima). O ciclo 

do meloeiro na estação seca foi de 80 dias, mas independente do tratamento 

utilizado foram observados caules apresentando sintomas do crestamento gomoso 

aos 20 dias após a emergência (Figura 4.2).  

 

 

Figura 4.2 Progresso temporal da incidência do crestamento gomoso nos caules de 

meloeiro cultivado na estação seca e submetido a seis tratamentos com aplicação 

de fungicida e inseticidas. UFT, Gurupi, 2013. 

 

Foram observadas diferenças significativas para a incidência da doença entre 

caules de meloeiro cultivado sem aplicação (T1, T2 e T3) e com aplicação de 

fungicida (T4, T5 e T6), conforme Tabela 4.2 e Figura 4.2.  

Foi observado efeito significativo do tempo e da interação tempo vs 

tratamento na incidência do crestamento gomoso ao longo do período de 

observação (Tabela 4.2, Figura 4.2). 

Aos 40 DAE ocorreu incremento significativo da incidência da doença nos 

tratamentos sem a utilização de fungicidas (T1, T2 e T3). Foi atingida, no final do 
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ciclo da cultura, uma média de 9,2 plantas infectadas (46%) por tratamento sem a 

utilização de fungicida. Por outro lado, nos tratamentos com a utilização de fungicida 

(T4, T5 e T6), o progresso da doença permaneceu estável até a colheita, com uma 

média de 3,1 plantas infectadas (15,5%) no final do ciclo. 

Tabela 4.2 Resumo da análise de variância para a incidência do crestamento 

gomoso em caules de meloeiro cultivado sob seis tratamentos com pesticidas. UFT, 

Gurupi, 2013/2014 

Fontes de 
Variação 

Estação seca Estação chuvosa 

GL F P GL F P 

Entre amostras  

Tratamentos (TR) 5 3,19 0,0309* 5 0,27 0,92 

Erro 18 - - 18 - - 

  glden/glnum 
Wilks‟ 

Faprox P glden/glnum 
Wilks‟ 

Faprox P 
lambda lambda 

Dentro das amostras                 

Tempo (T) 8/11 0,0527 59,02 <0,0001* 9/10 0,0057 141,45 <0,0001* 

T x TR 40,62/55 0,0062 3,06 <0,0001* 47,84/45 0,0258 0,41 0,96 

* Significativo P < 0,05. 

 

A redução da doença decorrente da aplicação do fungicida com relação à 

testemunha (T1) variou entre 73,68% para T4, 60,0% para T5 e 68,42% para T6, 

sendo esses os três tratamentos com aplicação de fungicida. 

Os resultados observados para a AACPD da incidência mostram que nos 

tratamentos onde foram aplicados apenas inseticidas (T2 e T3), houve um maior 

número de plantas com a presença do crestamento gomoso no caule. Estes 

tratamentos apresentaram valores de AACPD superiores a 135, não diferindo 

estatisticamente do tratamento controle (T1) e dos tratamentos contendo a mistura 

de fungicida e inseticida (T5 e T6), conforme a Figura 4.3.  

O tratamento que proporcionou o maior controle da doença foi o T4 com a 

utilização isolada de fungicida, com valor de AACPD de 47,50, diferindo 

estatisticamente dos demais tratamentos. 
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Foram observadas diferenças significativas para a severidade do crestamento 

gomoso nas folhas de meloeiro cultivado sob os seis tratamentos de pesticidas 

(Tabela 4.3). Foi observado efeito significativo do tempo e da interação tempo vs 

tratamento na severidade da doença ao longo do período de observação (Tabela 

4.3, Figura 4.4).  

 

Figura 4.3 Incidência do crestamento gomoso em caules de meloeiro expressa pela 

Área Abaixo da Curva de Progresso da Doença, nas duas estações de cultivo. UFT, 

Gurupi, 2013/2014.Tratamentos com letras minúsculas iguais dentro da estação 

seca não apresentam diferenças significativas entre si (P<0,05) pelo teste de Tukey. 

Tratamentos com letras maiúsculas iguais dentro da estação chuvosa não 

apresentam diferenças significativas entre si (P<0,05) pelo teste de Tukey. 

 

Tabela 4.3 Resumo da análise de variância para a severidade do crestamento 

gomoso em folhas de meloeiro cultivado sob seis tratamentos com pesticidas. UFT, 

Gurupi, 2013/2014 

Fontes de 
Variação 

Estação seca Estação chuvosa 

GL F P GL F P 

Entre amostras  

Tratamentos (TR) 5 19,47 <0,0001* 5 0,40 0,84 

Erro 18 - - 18 - - 

  glden/glnum 
Wilks‟ 

Faprox P glden/glnum 
Wilks‟ 

Faprox P 
lambda lambda 

Dentro das amostras                 
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Tempo (T) 13/6 0,0069 314,82 <0,0001* 15/4 0,0037 1119,2 <0,0001* 

T x TR 54/30 0,0500 3,13 <0,0001* 44,57/15 0,3856 0,77 0,85 

* Significativo P < 0,05. 

 

 

 

Figura 4.4 Progresso temporal do crestamento gomoso nas folhas de meloeiro 

cultivado na estação seca. UFT, Gurupi, 2013.  

Foi verificada a severidade da doença nas folhas no terço final do ciclo da 

cultura, em torno dos 65 DAE, conforme Figura 4.4. Ocorreu incremento significativo 

da doença nos tratamentos sem a utilização de fungicidas (T1, T2 e T3) aos 75 DAE, 

com um máximo de 32,3% de tecido foliar afetado nos tratamentos T1 e T2. Os 

tratamentos com uso de fungicidas retardaram o desenvolvimento da epidemia, 

proporcionando uma menor área foliar afetada, com uma média de 11,33% de tecido 

foliar afetado pela doença aos 80 DAE.  

Os resultados observados para a AACPD da severidade mostram que nos 

tratamentos onde foram aplicados apenas inseticidas (T2 e T3), houve uma maior 

quantidade de tecido foliar afetado pelo crestamento gomoso. Estes tratamentos 

apresentaram valores de AACPD superiores a 43 não diferindo estatisticamente do 

tratamento controle (T1), conforme a Figura 4.5. O tratamento que proporcionou o 

maior controle da doença foi o T4 com a utilização de fungicida, seguido dos 

0

10

20

30

40

50

60

70

80

90

100

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

s
e
v

e
ri

d
a
d

e
 (

%
) 

dias após a emergência 

água inseticida seletivo

inseticida não seletivo fungicida

fungicida + inseticida seletivo fungicida + inseticida não seletivo



85 

 

 

tratamentos contendo a mistura de fungicida e inseticida (T5 e T6), com valores de 

AACPD de 26,88, 30,00 e 28,13, respectivamente.  

Em relação à produtividade (Figura 4.6), pode-se verificar que os tratamentos 

com aplicação semanal de fungicida apresentaram maior nível de produtividade, 

entretanto, não diferindo significativamente dos tratamentos sem aplicação de 

fungicida. 
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Figura 4.5 AACPD da severidade do crestamento gomoso em caules de meloeiro 

nas duas estações de cultivo e submetido a seis tratamentos com aplicação de 

fungicida e inseticidas. UFT, Gurupi, 2013/2014. Letras minúsculas iguais dentro da 

estação seca não apresentam diferenças significativas entre si (P<0,05) pelo teste 

de Tukey. Letras maiúsculas iguais dentro da estação chuvosa não apresentam 

diferenças significativas entre si (P<0,05) pelo teste de Tukey.  

Figura 4.6 Produtividade de meloeiro Eldorado 300 na estação seca. UFT, Gurupi, 

2013. Os tratamentos não apresentaram diferenças significativas entre si (P<0,05) 

pelo teste de Kruskal-Wallis.  

3.2 Ensaio II – Estação chuvosa  

Os dados de temperatura e precipitação do cultivo na estação chuvosa são 

apresentados pela média do período de cinco dias que antecedeu cada avaliação de 

incidência e severidade do crestamento gomoso, conforme Figura 4.7. As médias da 

temperatura variaram de 22,0 °C (mínima) a 30,6 ºC (máxima). A chuva foi 

registrada durante todo o período de cultivo com uma média de precipitação 

acumulada de 42,1 mm a cada cinco dias ou 8,42 mm por dia. A umidade relativa do 

ar variou de 63,7% (mínima) a 95,6% (máxima). 
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Figura 4.7 Variáveis climáticas registradas durante o cultivo do meloeiro na estação 

chuvosa. UFT, Gurupi, 2014. 

 

A ciclo do meloeiro na estação chuvosa foi interrompido 20 dias antes do 

previsto, ou seja, aos 60 DAE. Independente do tratamento utilizado foram 

observados caules de meloeiro apresentando sintomas do crestamento gomoso aos 

15 DAE (Figura 4.8). 

Não foram observadas diferenças significativas na incidência da doença em 

caules de meloeiro cultivado sob seis tratamentos de pesticidas na estação chuvosa 

(Tabela 4.2), embora efeito significativo do tempo tenha sido observado no número 

de caules infectados (Tabela 4.2, Fig. 4.8). 
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Figura 4.8 Progresso temporal da incidência do crestamento gomoso nos caules de 

meloeiro cultivado na estação chuvosa e submetido a seis tratamentos com 

aplicação de pesticidas. UFT, Gurupi, 2014. 

 

Os resultados observados para a AACPD da incidência da doença no período 

chuvoso foram superiores a 125, conforme Figura 4.3. Entretanto não foi observada 

diferença significativa entre tratamentos. Ocorreu aumento gradativo da incidência a 

ao longo do ciclo da cultura, com uma média de 11 plantas com sintomas no caule 

por tratamento, ao fim desse período.  

Não foram observadas diferenças significativas na severidade do crestamento 

gomoso nas folhas de meloeiro cultivado sob os seis tratamentos de pesticidas 

(Tabela 4.3). Foi observado efeito significativo do tempo na severidade de doença 

ao longo do período de observação (Tabela 4.3, Figura 4.9).  

Para a severidade da doença nas folhas do meloeiro, a AACPD observada 

em todos os tratamentos foi superior a 625, conforme a Figura 4.5, evidenciando que 

a utilização de fungicidas na estação chuvosa não surtiu efeito no controle do 

patógeno. Os primeiros sintomas nas folhas foram observados em torno dos 35 

DAE, com todos os tratamentos apresentando uma média de 3% de tecido foliar 

afetado, de acordo com a Figura 4.9. Aos 60 DAE foi observado que todos os 

tratamentos atingiram o máximo de tecido foliar afetado, que é de 75%, o que 

ocasionou a morte das plantas do meloeiro 20 dias antes do término do ciclo normal 
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do meloeiro e impossibilitando a colheita de frutos que apodreceram precocemente 

devido à doença. 

 

Figura 4.9 Progresso temporal da severidade do crestamento gomoso nas folhas de 

meloeiro cultivado na estação chuvosa e submetido a seis tratamentos com 

aplicação de pesticidas. UFT, Gurupi, 2014. 

 

Comparando a evolução da incidência da doença nos caules com os dados 

pluviométricos, percebe-se que a precipitação nos primeiros 10 DAE favoreceu a 

disseminação do inóculo primário (Figura 4.10A). Por outro lado, a evolução da 

severidade da doença nas folhas foi influenciada pelos maiores volumes de 

precipitação registrados a partir dos 30 DAE (Figura 4.10B). 
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(A) 

 

(B) 

 

Figura 4.10 Comparação da incidência média em caules (A) e severidade média em 

folhas (B) do crestamento gomoso vs precipitação, em meloeiro cultivado na estação 

chuvosa. UFT, Gurupi, 2014. 

3.3 Ensaio III – Período de transição entre a estação seca e a estação chuvosa  

Os dados de temperatura e precipitação do cultivo no período de transição 

entre a estação seca e a estação chuvosa são apresentados pela média do período 

de cinco dias que antecedeu cada avaliação de severidade do crestamento gomoso, 

conforme Figura 4.11. As médias da temperatura variaram de 21,0 °C (mínima) a 
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35,5 ºC (máxima). A precipitação média acumulada foi de 13,5 mm a cada cinco dias 

ou 2,7 mm por dia. A umidade relativa do ar variou de 40,9% (mínima) a 85,7% 

(máxima). 

 

 

Figura 4.11 Variáveis climáticas registradas durante o cultivo do meloeiro no período 

de transição entre as estações seca e chuvosa. UFT, Gurupi, 2014. 

 

Semelhante ao observado no ensaio de cultivo na estação chuvosa, o ciclo 

das seis cultivares e meloeiro utilizadas neste ensaio foi interrompido em torno de 20 

dias antes do previsto, ou seja, aos 60 DAE. 

Foram observadas diferenças significativas na severidade do crestamento 

gomoso nas folhas das seis cultivares de meloeiro cultivadas com e sem a aplicação 

de pesticidas (Tabela 4.4).  

Quando comparada cada cultivar isoladamente, com e sem a aplicação de 

pesticidas, verifica-se que para a severidade da doença nas folhas de meloeiro, a 

aplicação de pesticidas proporcionou a diminuição da AACPD nas cultivares 

Eldorado 300, Hibrix, Louro e Canarian. Contudo, mesmo com essa diminuição, os 

valores encontrados foram superiores a 361,88, conforme a Figura 4.13, 

evidenciando que a utilização de pesticidas na época de transição entre a estação 

seca e estação chuvosa não surtiu efeito no controle do patógeno. Quando 

comparadas as cultivares entre si, dentro de cada regime de aplicação, verifica-se 

que a cultivar Eldorado 300 diferiu significativamente das demais cultivares, 

apresentando a maior AACPD (845, sem aplicação de pesticidas e 636,88, com 
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aplicação de pesticidas), enquanto a cultivar Gaúcho Redondo também diferiu 

significativamente, apresentando, contudo, a menor AACPD (369,38, sem aplicação 

de pesticidas e 321,88, com aplicação de pesticidas), conforme Figura 4.13. 

Independente da cultivar de meloeiro observada e da aplicação de pesticidas, os 

primeiros sintomas de do crestamento gomoso nas folhas foram observados em 

torno dos 30 DAE, com 1 a 3% de tecido foliar afetado, de acordo com a Figura 4.12. 

Aos 60 DAE foi observado que todos os tratamentos (cultivares) atingiram o máximo 

de tecido foliar afetado. Tal fato implicou na morte prematura das plantas, 

inviabilizando a colheita de frutos que apodreceram devido a doença. 

 

Tabela 4.4 Resumo da análise de variância para a severidade do crestamento 

gomoso em folhas de seis cultivares meloeiro cultivado com e sem a aplicação de 

pesticidas. UFT, Gurupi, 2014. 

Fontes de variação GL                                F                 P 

Entre amostras 
 

    

Aplicações (A) 1 25,79 <0,0001* 

Cultivar (C) 5 18,99 <0,0001* 

A x C  5 1,06 0,4 

Erro 36 - - 

  glden/glnum 
Wilks‟  

Fapprox P 
lambda 

Dentro das  amostras       

Tempo (T)     30/7l 0,0016 395,9 <0,0001* 

T x A      307l 0,1837 16,5 <0,0001* 

T x C     128/35 0,0184 6,3 <0,0001* 

T x A x C     128/35 0,151 3,1 <0,0001* 

                  * Significativo P < 0,05. 

 

Foi observado efeito significativo do tempo e das interações tempo vs 

aplicações de pesticidas; tempo vs cultivar; tempo vs aplicações de pesticidas vs 

cultivar (Tabela 4.4, Figura 4.12). 
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Figura 4.12 Progresso temporal da severidade do crestamento gomoso nas folhas 

de meloeiro cultivado no período de transição das estações seca e chuvosa. UFT, 

Gurupi, 2014  

 

Figura 4.13 Comparação da severidade média do crestamento gomoso em folhas 

de meloeiro cultivado no período de transição das estações seca e chuvosa, vs 

precipitação. UFT, Gurupi, 2014. 
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4 DISCUSSÃO 

 O conhecimento da época mais favorável ao cultivo de uma determinada 

cultura agrícola é uma das condições primordiais que devem ser observadas para 

garantir retorno do investimento efetuado. As condições climáticas podem ter efeito 

direto na suscetibilidade das plantas ao ataque de fitopatógenos. Os fitopatógenos, 

por sua vez, tendem a obter êxito na sua reprodução e disseminação se a lavoura 

for suscetível e as condições climáticas forem ideais.  

 Foi demonstrado que a severidade do crestamento gomoso teve sua 

intensidade aumentada quando o meloeiro foi cultivado na estação chuvosa e no 

período de transição entre a estação seca e a estação chuvosa em condições de 

cerrado.  Isto ocorreu a partir dos 40 DAE em todos os tratamentos nestas duas 

épocas de cultivo, conforme Figura 4.9 e Figura 4.12. Nesse estágio de 

desenvolvimento a planta de melão apresenta ramos e folhas em abundância, o que 

favorece um maior período de molhamento foliar e consequentemente condições 

ideais para que o patógeno cause a infecção nas folhas. Em melancia, Citrullus 

lanatus, o maior progresso temporal da doença foi observado aos 50 DAP (Keinath 

1995) e aos 52 DAP (Santos et al. 2005b). Em folhas de cucurbitáceas, o período 

ideal de molhamento foliar para que ocorra a infecção pelo fungo D. bryoniae é de 

aproximadamente 60 minutos. Contudo, um período mais prolongado de 

molhamento é necessário para que ocorra a expansão da lesão nas folhas (Van 

Steekelenburg 1985, Van Steekelenburg 1986, Arny e Rowe 1991). Essa tendência 

pode ser observada na Figura 4.10B e Figura 4.14. Até os 35 DAE os esporos de D. 

bryoniae tiveram condições ideais para causar a infecção e a partir desse momento, 

a manutenção da umidade relativa do ar decorrente da precipitação favoreceu a 

expansão exponencial das lesões nas folhas. O fungo se desenvolve em uma faixa 

de temperatura que varia de 20 a 28 °C, com um ótimo a 24 °C (Chiu e Walker 1949, 

Van Steekelenburg 1982, Arny e Rowe 1991). Embora a temperatura média 

observada nos três cultivos esteja dentro desta faixa, 25,6 °C na estação seca 

(Figura 4.1), 25,2 °C na estação chuvosa (Figura 4.7) e 27,8 °C no período de 

transição entre a estação seca e a estação chuvosa (Figura 4.11), o maior progresso 

da doença foi observado nos dois cultivos onde ocorreu molhamento foliar 

decorrente de precipitações.  Svedelius (1990) e Arny e Rowe (1991) verificaram 

que a umidade relativa do ar e a duração do molhamento foliar tem maior 
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importância na infecção de folhas e ramos do que a temperatura. A umidade do ar 

média durante os cultivos foi de 62% na estação seca, 85% na estação chuvosa e 

61,7% no período de transição entre a estação seca e a estação chuvosa. Folhas de 

pepino, Cucumis sativus, são raramente infectadas quanto a umidade do ar está por 

volta de 65%, sendo frequentemente infectadas em 95% de UR e severamente 

infectadas quando permanecem úmidas ao longo do tempo (Van Steekelenburg 

1985). 

Na estação chuvosa e no período de transição entre a estação seca e 

estação chuvosa, o fungicida utilizado não surtiu efeito no controle da doença nas 

folhas. Por outro, lado, na estação seca, os tratamentos com a utilização de 

fungicida tiveram maior nível de controle da doença nas folhas, com aumento da 

intensidade da severidade apenas no fim do ciclo da cultura (75 DAE), conforme 

Figura 4.4. Estes resultados obtidos na ausência de precipitação corroboram com 

Santos et al. (2005b) que demonstram a eficiência da mistura de tiofanato metílico + 

clorotalonil, para o controle do crestamento gomoso do caule, na cultura da melancia 

na estação seca. 

Embora a incidência da doença no caule do meloeiro tenha sido maior na 

estação chuvosa, a aplicação de fungicida, de um modo geral, não proporcionou 

diferença significativa no controle da doença em cada época de cultivo. De acordo 

com Santos et al. (2005b), em melancia a entrada do patógeno no caule da planta é 

favorecida pelos ferimentos provocados durante as operações de capinas ou pelo 

atrito com solo durante o crescimento da planta. Em nosso estudo foi utilizado 

mulching para o controle das ervas daninhas. Contudo, a utilização desta técnica 

pode ter formado um microclima que favoreceu a manutenção do patógeno próximo 

ao caule da planta de meloeiro.  

Alguns estudos mostram que restos de cultura podem ser responsáveis pelo 

início da epidemia de D. bryoniae em cucurbitáceas (Van Steekelenburg 1983, 

Keinath 2002, Kurozawa et al. 2005). Neste estudo, independente da época de 

cultivo, a doença crestamento gomoso surgiu no início do ciclo vegetativo das 

plantas de meloeiro. O inóculo inicial presente no solo e em restos culturais foi 

responsável pela incidência da doença no caule nas duas épocas de plantio, 

entretanto a umidade relativa do ar, superior na estação chuvosa, associada à 

temperatura, favoreceu a maior incidência da doença nesta época de cultivo.  
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O inóculo primário presente nos caules, por sua vez, serviu como fonte de 

inóculo secundário para as infecções nas folhas. As lesões nas folhas aparecem de 

três a setes dias após a inculação (Van Steekelenburg 1983). Os fatores abióticos 

que favorecem a dispersão dos esporos de D. bryoniae são as gotas ou respingos 

de chuva à curta distância e o vento  à longa distância (Kurozawa et al. 2005). Na 

estação chuvosa e no período de transição entre a estação seca e a estação 

chuvosa , o grande volume de precipitação verificado a partir dos 30 DAE nestas 

duas épocas de cultivo, favoreceu o aumento exponencial da doença nas folhas, 

verificado pela maior severidade da doença o que resultou na morte das plantas aos 

60 DAE. Na estação seca praticamente não houve precipitação, desta forma 

justificando a baixa porcentagem de tecido foliar afetado pela doença. 

Na estação seca a maior produtividade foi observada nos tratamentos que 

utilizaram fungicida devido ao maior controle da doença nas folhas. Contudo, o 

mesmo não ocorreu na estação chuvosa e no período de transição entre a estação 

seca e a estação chuvosa. Nestas épocas de cultivo não foi possível realizar a 

colheita, pois as plantas não completaram o ciclo, devido a ineficácia do controle 

fúngico o que acarretou na intensidade da severidade da doença nas folhas. Isso 

demonstra a limitação imposta pelas condições climáticas durante a estação 

chuvosa para o cultivo de meloeiro no cerrado. 

O atual modelo de manejo do crestamento gomoso do meloeiro cultivado no 

cerrado é eficaz na estação seca, não sendo recomendado o plantio desta cultura na 

estação chuvosa ou em períodos de transição entre estas duas estações climáticas. 
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5 CONSIDERAÇÕES FINAIS 

Ficou demonstrado que a diversidade de abelhas encontradas neste estudo 

favorece positivamente a produção do meloeiro e que as cultivares desenvolvidas 

para cultivo em outras regiões produtoras tem potencial para ser utilizadas em 

plantios comerciais no Tocantins. A utilização de práticas agrícolas associadas ao 

manejo de paisagem, também deverá ser considerada, pois isto pode contribuir para 

o incremento da diversidade de polinizadores e por consequência, uma maior 

produtividade dos cultivos. 

Embora as condições edafoclimáticas sejam favoráveis ao cultivo do meloeiro 

durante o ano, este deve ser realizado na estação seca, de forma que a sanidade da 

planta seja favorecida em detrimento dos fitopatógenos. A observação desse fator e 

a sua inclusão como tática de controle no manejo integrado das doenças da cultura 

tende a favorecer a eficiência e a racionalização do uso de pesticidas, bem como a 

otimização dos serviços de polinização efetuados pelas abelhas. Contudo, são 

necessários novos estudos ao longo do tempo e que associem outras táticas de 

manejo integrado de doenças com os serviços de polinização e a produção do 

meloeiro, nesta e em outras regiões de cultivo localizadas no Cerrado Brasileiro. 

 

 

 

 

 

 

 

 

 

 

 

 

 


