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Abstract 17 

The Monosporascus root rot and vine decline (MRRVD) can be caused by the fungal 18 

species Monosporascus cannonballus and M. eutypoides. The Monosporascus species 19 

recently described in Brazil (M. brasiliensis, M. caatinguensis, M. mossoroensis, M. 20 

nordestinus and M. semiaridus) are potentially causal agents of the MRRVD. This work 21 

was made to evaluate them comparing to M. cannonballus pathogenicity, and to 22 

evaluate melon accessions reaction in four botanical groups of melon. MRRVD was 23 

evaluated by the severity of the damages in the roots and by the root dry matter 24 

reduction index (RIDM). On average, the studied species caused damage to melon 25 

accessions. After all, only M. brasiliensis, M. caatinguensis and M. nordestinus were 26 

virulent according to the accessions evaluated (A-16, C-32 syn. Pat 81, ‘Goldex’ and 27 

‘HBJ’), i.e., accession-species interaction occurred, and among them, M. caatinguensis 28 

was the most virulent. The accession A-16 (acidulus group) showed higher resistance 29 

(<10 % of root dry mass loss) to M. cannonballus, M. caatinguensis and M. nordestinus. 30 

The accession C-32 was susceptible to M. caatinguensis and moderately resistant to the 31 

others. The accession A-16 was the most promising one and can be used as a donor of 32 

resistance alleles or as a rootstock. 33 

Keywords 34 

Cucumis melo L., germplasm, vine decline, virulence. 35 

Introduction 36 

The MRRVD is a cucurbits syndrome caused by many soil-borne fungal species. 37 

To date, in the Monosporascus genus, only M. cannonballus Pollack & Uecker (Pollack 38 
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and Uecker 1974) and M. eutypoides (Petrak) von Arx were reported as an MRRVD 39 

causal agents. The syndrome shows no visible symptoms up to the fruit ripening, that 40 

comes two weeks about the harvest, whereas the vines show a yellowing as reflex of 41 

resistance to the hydraulic conductance throughout the xylem vessels caused by the root 42 

rot. A defoliation progressively occurs after the vines yellowing up to a partial or 43 

complete decline of the vines (Cluck et al. 2009; Picó et al. 2008). MRRVD have been 44 

causing many losses worldwide, mainly in melon (Cucumis melo L.) and watermelon 45 

(Citrullus lanatus [Thunb.] Matsum. & Nakai) (Iglesias et al. 2000a; Sales Júnior et al. 46 

2012; Al-Mawaali et al. 2013; Yan et al. 2016; Markakis et al. 2018; Negreiros et al. 47 

2019). 48 

Among the Monosporascus genus, only M. cannonballus and M. eutypoides 49 

(Petrak and Ahmad 1954; Ben Salem et al. 2013) were reported as MRRVD causal 50 

agents (Castro et al. 2020). From these to now, Negreiros et al. (2019) reported five 51 

novel Monosporascus species associated to two weeds (Boerhavia diffusa L. and 52 

Trianthema portulacastrum Linn) in northeastern Brazil. These species are M. 53 

brasiliensis, M. caatinguensis, M. mossoroensis, M. nordestinus and M. semiaridus, of 54 

which A. Negreiros, M. León, J. Armengol and R. Sales Júnior are the authorities of all 55 

them. We hypothesize these species as potential causal agents of MRRVD to melon, 56 

anyhow to our knowledge there is no works proving this hypothesis to date.  57 

Several works reported melon genotypes with moderate to high resistance to M. 58 

cannonballus (Salari et al. 2012; Park et al. 2013; Sales Júnior et al. 2019). Some of 59 

them surveyed potential genotypes for melon breeding programs, for selection of melon 60 

genotypes (Park et al. 2013) and pumpkin genotypes for root stocks (Ben Salem et al. 61 

2015a) and selection of resistant melon cultivars (Salari et al. 2012; Sales Júnior et al. 62 

2019). These researches demonstrate the MRRVD genetic control is one of the best 63 

alternative solutions for controlling Monosporascus species. The sources of resistance 64 

of C. melo to MRRVD shall have high root vigor and high heterosis of root traits 65 

(Cohen et al. 2012b). 66 

Thus, to our knowledge sources of resistance to Monosporascus species 67 

described in Brazil are unknown and must be investigated to support melon breeding 68 

programs for affording the production of MRRVD resistant cultivars. We surveyed four 69 

melon genotypes for resistance to six Monosporascus species. The objective of this 70 

work was to evaluate the novel Monosporascus species pathogenicity comparing them 71 

to M. cannonballus and to identify melon accessions resistant to MRRVD. 72 

Material and Methods 73 

Plant Material  74 

The melon accessions are two commercial cultivars (‘HBJ’ - Hales Best 75 

Jumbo®, ‘Goldex’®) and two genotypes A-16 and C-32 (syn. Pat 81) that are part of 76 

the cucurbits germplasm bank of Universidade Federal Rural do Semi-Árido (UFERSA-77 

Brazil). The ‘HBJ’ accession belongs to the cantaloupensis botanical group, the 78 
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‘Goldex’ accession belongs to the inodorus group, the accession A-16 belongs to the 79 

acidulous group and C-32 belongs to the conomon group. 80 

Monosporascus isolates 81 

 The fungal isolates utilized in this work are stored in the fungal collection of 82 

Phytopathogenic Fungi “Prof. Maria Menezes” (CMM) at the Universidade Federal 83 

Rural de Pernambuco (Recife, Pernambuco, Brazil) with the following codes M. 84 

brasiliensis (CMM 4839), M. caatinguensis (CMM 4833), M. cannonballus (CMM 85 

2386), M. mossoroensis (CMM 4857), M. nordestinus (CMM 4846) and M. semiaridus 86 

(CMM 4830). 87 

Environmental conditions of the research 88 

The research was conducted under greenhouse conditions in UFERSA, in the 89 

period from August 5 to September 23 of 2019, in the municipality of Mossoró RN, 90 

Brazil (5°11'15" S, 37°20'39" W). Three trials were carried out and the last results are 91 

here presented in this work. The Mossoró climate is very dry and hot with a rainy 92 

season that extends from the summer to the fall (Köppen’s classification - BSwh’), with 93 

an average temperature of 27.5 °C, average annual rainfall of 670 mm, average air 94 

relative humidity of 68.9 %. The temperature ranged from 19 to 34.4 °C during the 95 

period of the research. 96 

The trials were conducted in a completely randomized design with five 97 

replications, in a 4 x 6 factorial scheme (four melon accessions and six Monosporascus 98 

species), totaling 24 treatments (pathosystems). The seeds of the accessions were sowed 99 

in plastic trays fulfilled with a 2:1 (v/v, sand:Topstrato®) substrate that was autoclaved 100 

twice with a 24 h interval at 121 °C and 1.013 x 105 N m-2. The same kind of substrate 101 

was used to fulfill the 0.5 L pots in which the seedlings were planted.  102 

Artificial inoculation 103 

The fungal inoculation was made based on the methodology suggested by 104 

Pivonia et al. (1997). The inoculum preparation was made with the mycelium of the 105 

Monosporascus species multiplied in sterilized PDA (potato-dextrose-agar) media. The 106 

mycelium grown in PDA media was mixed with a blender in 0.3 L of distilled and 107 

sterilized water. To inoculate the plants, 10 mL of each Monosporascus species 108 

mycelial suspension was pipetted into the substrate of the pots seven days before the 109 

seedling transplantation for incubation. The seedlings transplantation was made after 15 110 

days old. The plants were daily irrigated. 111 

Disease evaluation 112 

The severity evaluation was made 50 days after the transplantation. The roots 113 

were removed from the substrate and washed with tap water. The variables analyzed 114 

were severity of the disease (rank), with a scores proposed by (Armengol et al. 1998; 115 

1999), and the root dry matter reduction index (RIDM). 116 
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The rating scores ranged from 0 to 4, with 0: symptomless; 1: mild discoloration 117 

(or rot <10 % of the roots); 2: moderate discoloration (or rot of 25 to 35 % of the roots); 118 

3: death of secondary roots (or rot in 50 % of the roots); 4: total necrosis of the roots (or 119 

death of the plant). The average reaction was calculated by adding the scores of each 120 

accession and divided by the total number of plants evaluated. Consequently, the 121 

following classes of genotypes were separated. 0: like immune; 0.1-1.0: highly resistant; 122 

1.1-2.0: moderately resistant; 2.1-3.0: susceptible; 3.1-4.0: highly susceptible (Sales 123 

Júnior et al., 2019). The RIDM was calculated by the following expression: RIDM = 124 

(DMc - DMi) / (DMc), where DMc: dry matter of access without inoculation (control) 125 

and DMi: matter access inoculated with one of the species. 126 

Data analysis 127 

As the severity variable does not have the residues normally distributed, the 128 

original values were transformed according to the Aligned Rank Transform (ART) 129 

methodology for non-parametric factor analyses (Wobbrock et al. 2011). A deviance 130 

analysis (type III - Wald) was performed for the ranks of the severity variable and 131 

analysis of variance (F of Snedecor) for the RIDM. To group averages of accessions and 132 

the Monosporascus species, the Scott-Knott test was used (1 and 5 % probability). 133 

Spearman's correlation coefficient was estimated for verifying the association between 134 

severity and the RIDM. 135 

The GGE Biplot model was used to evaluate the accession-species interaction 136 

(Yan and Kang 2003). The GGE Biplot model holds only the effect of the accessions 137 

and the accession-species interaction, and does not separate the effect of the accessions 138 

from the accession-species interaction (maintains the multiplicative effect of the factors) 139 

and is described as follows: ��� � � � �� � �� � ������ 	 ������ 	 ��� . Where Yij is the 140 

performance of the accession i on the species j; μ is the general average of the 141 

observations; i is the main effect of the accession i; j is the main effect of the species j; 142 

��� and ��� are called the main scores of the accession i and the species j, respectively; 143 

��� and ���are the secondary scores of the accession i and species j, respectively; ���is 144 

the residual error not explained by both effects (‘accession’ or ‘accession-species 145 

interaction’). 146 

All analyses were processed with the software R (R Core Team 2020). The 147 

approach described by Scott-Knott (1974) was used to group the accessions reaction 148 

classes. 149 

Results 150 

Significant effect of accessions (p <0.01) was observed, indicating heterogeneity 151 

between the evaluated plant materials about the severity. But, there was no significant 152 

effect of species. There was a significant effect of the accession-species interaction (p 153 

<0.01), indicating different behavior of the accessions according to the six 154 

Monosporascus species inoculated. When interaction between two factors exists, there 155 

is no sense on discussing the main factors separately, only their interaction. 156 
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The accessions were grouped in two groups when inoculated with the species M. 157 

brasiliensis (Table 1). The accessions A-16 and ‘HBJ’ made up the first group with the 158 

highest average ranks, while C-32 and ‘Goldex’, the second group. Two groups of 159 

accessions were made up when inoculated with M. caatinguensis and M. nordestinus, 160 

therein the accession A-16 has the lowest average rank (severity). In addition, the 161 

accession A-16 was the most resistant to the Monosporascus species evaluated. The 162 

accessions made up a single group when inoculated with the species M. cannonballus, 163 

M. mossoroensis and M. semiaridus, respectively. 164 

The species formed two groups when they were inoculated in the accession A-165 

16 (Table 1). The species M. brasiliensis, M. mossoroensis and M. semiaridus made up 166 

the first group and were more aggressive (higher average rank). When inoculated in 167 

'HBJ', the species were set apart in a first group composed of M. brasiliensis and M. 168 

nordestinus. These two species were more aggressive to that accession (‘HBJ’). Then, 169 

the other species were added in the second group. When inoculated at the C-32 and 170 

‘Goldex’ accession, the species formed a single group, respectively. 171 

The GGE Biplot methodology can be used to approach the non-additive effect 172 

(interaction) between pathogens and plant hosts (Yan and Kang 2003). In the Biplot 173 

graph, the two axes together explained 97.25 % of the total variation in the accession-174 

species interaction. The polygon formed was composed of four vertices (Figure 1A). In 175 

each vertex there is an inoculated accession, which has the highest average rank in its 176 

respective sector, being, therefore, the one with the most severity. 177 

Counterclockwise, in the first vertex was the accession 'HBJ', that the species M. 178 

nordestinus, M. brasiliensis and M. semiaridus were more virulent in relation to the 179 

others. At the second vertex was the accession 'Goldex', which has higher average rank 180 

in relation to M. caatinguensis. The accession C-32, at the third vertex, was associated 181 

with the highest average rank (highest severity) when inoculated with M. cannonballus 182 

and M. mossoroensis. The accession A-16, at the fourth vertex, did not interact with the 183 

species and showed less severity (higher performance). 184 

The GGE Biplot modeling also can be set in the opposite direction, i.e., setting 185 

the species in the vertices (Figure 1B). The six species were set into five vertices of the 186 

polygon of the GGE Biplot graph. In the counterclockwise direction, the species M. 187 

brasiliensis, in the second vertex, interacted more with the accession A-16, while M. 188 

nordestinus, in the third vertex, interacted with ‘Goldex’ and ‘HBJ’. M. caatinguensis, 189 

located in the fourth vertex, interacted only with the access C-32. 190 

The species M. caatinguensis performed better (greater virulence) because it was 191 

more to the right-hand side on the x-axis, i.e., it was the most adapted species (due to 192 

the proximity in the graph) to the accession C-32. On the contrary, the species M. 193 

brasiliensis performed worst (less virulence) because it was more to the left-hand side 194 

on the x-axis, followed by M. semiaridus. 195 

The accessions were classified according to the severity of reaction of the six 196 

inoculated species (Figure 2). The accession A-16 was highly resistant to M. 197 
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nordestinus, M. caatinguensis and M. cannonballus, moderately resistant to M. 198 

mossoroensis and M. semiaridus, but susceptible to M. brasiliensis. The accession C-32 199 

was susceptible to the species M. caatinguensis, but moderately resistant to the other 200 

species. The accession 'Goldex' was susceptible to the species M. caatinguensis, M. 201 

nordestinus and M. semiaridus, and moderately resistant to M. brasiliensis, M. 202 

cannonballus and M. mossoroensis. The accession ‘Hales Best Jumbo’ (‘HBJ’) was 203 

susceptible to M. brasiliensis and M. nordestinus and moderately resistant to the other 204 

species. 205 

The accessions and species did not present effect for the RIDM, but for the 206 

accession-species interaction (Table 2). When inoculated with the species M. 207 

brasiliensis, the accessions were grouped into two groups, the first group composed 208 

only by A-16 and the second by the other accessions. The accessions were divided into 209 

two groups when inoculated by the species M. cannonballus. The first group formed by 210 

the accessions of the greatest RIDM, the accession 'Goldex', and the second group 211 

formed by the other accessions. When inoculated by the species M. mossoroensis, the 212 

accession with the smallest RIDM was A-16 while the other accessions with the highest 213 

average, were gathered into a single group. The accessions were gathered in two groups 214 

when inoculated by the species M. nordestinus. The group with the highest averages 215 

was composed of the accessions 'Goldex' and 'HBJ'. The accessions were allocated to 216 

the same group when inoculated by the species M. caatinguensis and M. semiaridus. 217 

About the accession A-16, the species M. brasiliensis was the most virulent 218 

causing a reduction of more than 50 % in the A-16 root dry matter, being allocated in a 219 

separate group from the other species. The species were gathered in the same group 220 

when inoculated the accession C-32. The species M. cannonballus, M. brasiliensis, M. 221 

mossoroensis and M. nordestinus, gathered in the same group, were more virulent about 222 

the accession 'Goldex'. The species were combined into two groups when inoculated 223 

over the accession 'HBJ'. The first group formed by the species M. nordestinus, more 224 

virulent, while the second group formed by the other species. 225 

Spearman's correlation coefficients were estimated between severity and RIDM 226 

within each accession and each species. Significant values were found in practically all 227 

accessions and species, but there were some exceptions: the accession C-32 and the 228 

species M. brasiliensis and M. semiaridus (Figure 3). The positive sign indicates the 229 

two variables grow in the same direction (directly proportional). When the severity 230 

increases there is a reduction in the dry matter of the plant. The correlation, considering 231 

all the data, also followed the same fashion, positive and significant value (r = 0.58 *). 232 

Discussion 233 

To date, there is no reports on the virulence of other species of Monosporascus 234 

in melon genotypes. It was only known that MRRVD in melon and watermelon is 235 

caused by the species M. cannonballus and M. eutypoides worldwide (Castro et al. 236 

2020). Despite this, five novel species of Monosporascus isolated from weeds root 237 

Boerhavia diffusa L. and Trianthema portulacastrum Linn., usually found in melon 238 
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production fields in northeastern Brazil (Negreiros et al. 2019) were identified. The 239 

present work is the first report of the pathogenicity and virulence of the species M. 240 

brasiliensis, M. caatinguensis, M. mossoroensis, M. nordestinus and M. semiaridus in 241 

melon. This data is very important because these species are potentially disease-causing 242 

for melon. 243 

Another important look of this work is that the species have a different behavior 244 

due to accessions. Despite this, it was found that the species M. cannonballus, 245 

notoriously the agent of MRRVD worldwide (Sarpeleh 2008; Al-Mawaali et al. 2013; 246 

Yan et al. 2016; Markakis et al. 2018; Sales Júnior et al. 2019) and the novel species M. 247 

mossoroensis was the least virulent since none of the accessions was classified as 248 

susceptible to both species. Particularly, the accession A-16 was highly resistant to M. 249 

cannonballus, and of moderate or high resistance when inoculated with each of these 250 

species. On the other hand, the other species of Monosporascus caused a susceptibility 251 

reaction in at least one of the accessions (Figure 2). It is noteworthy that a reduced 252 

number of accessions were used in the study, therefore, more studies including a greater 253 

number of genotypes are needed. 254 

Regarding the reaction of the genotypes in this work, it is worth of mentioning 255 

that all are resistant or moderately resistant to the species M. cannonballus. This species 256 

was identified in Brazil in melon fields (Sales Júnior et al. 2003) and later in 257 

watermelon fields (Sales Júnior et al. 2010). It is one of the most isolated species in 258 

melon roots in the Brazilian semiarid (Marinho et al. 2002) together with 259 

Macrophomina phaseolina and Fusarium solani (Ambrósio et al. 2015). Therefore, the 260 

identification of resistant accessions to M. cannonballus is relevant. Some sources with 261 

moderate resistance such as F35a, P6a (Cohen et al. 1996), 'Sfidak khatdar' and 'Sfidak 262 

bekhat' (Salari et al. 2012), as well as high resistance; 20608, 20747, 20826 (Crosby 263 

2001), were identified. 264 

In Spain, under field conditions and in greenhouse artificial inoculation, the 265 

accession Pat 81 (ssp. agrestis) was identified with a high level of tolerance (Esteva and 266 

Nuez 1994; Iglesias and Nuez 1998, Iglesias et al. 1999; 2000a, b). This plant material 267 

was used in a breeding program for backcrosses that generated resistant lines of melon 268 

Piel de Sapo (Fita et al. 2009a, b). The accession C-32 used in this work is Pat 81, 269 

which presented moderate resistance to five species, but was susceptible to M. 270 

caatinguensis. The results of the present study confirm the importance of this material 271 

as a source of resistance, however, it reports, for the first time, its susceptibility to a 272 

species of Monosporascus. 273 

The accession 'Hales Best Jumbo' ('HBJ') was moderately resistant to the species 274 

M. cannonballus as well as, M. caatinguensis, M. mossoroensis and M. semiaridus. In 275 

one of the first efforts to identify sources of resistance to M. cannonballus, Mertely 276 

(1993) concluded that Hales Best Jumbo, Honey Dew Green Flesh, Improved, Cruiser, 277 

Durango, PI 12411 and Laredo were tolerant to this fungal species. On the other hand, 278 

'HBJ' was susceptible to the species M. brasiliensis and M. nordestinus. 279 
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The hybrid 'Goldex' was susceptible to the species M. caatinguensis, M. 280 

nordestinus and M. semiaridus (Figure 2). Furthermore, we highlight that the accession 281 

‘Goldex’ presented high values of the RIDM (Table 2). This hybrid is also highly 282 

susceptible to powdery mildew (Podosphaera xanthii) and the leafminer (Liriomyza 283 

sativa) but is still the preferred one due to its high quality and post-harvest fruit. It is 284 

estimated that most of the melon area in the Brazilian semiarid (around ~ 22,000 ha / 285 

year) has been cultivated with ‘Goldex’ in the past 15 years. The work information 286 

shows the potential fragility of the hybrid 'Goldex'. On the other hand, a strategy for 287 

future improvement is to obtain yellow melon cultivars resistant to the main pathogens 288 

and with a 'Goldex' background. 289 

The accession A-16 was the most promising one since it was highly resistant to 290 

three species (M. cannonballus, M. caatinguensis and M. nordestinus) and moderately 291 

resistant to two (M. mossoroensis and M. semiaridus). In addition, it has lower RIDM 292 

(Table 2). The accession A-16 has fruits with high mesocarp firmness, high titratable 293 

acidity, low content of soluble solids (Dantas et al. 2015) and resistance to Myrothecium 294 

roridum (Nascimento et al. 2012). This accession belongs to the acidulus botanical 295 

group, very usual in India, which has provided many sources of resistance to pathogens 296 

such as fungi, viruses and insects (Dhillon et al. 2012). 297 

A worthy aspect to be highlighted in breeding programs is that the tolerance in 298 

melon to M. cannonballus is strictly related to the root system. In the present work, only 299 

the RIDM of the genotypes was estimated. There was a positive and significant 300 

association between the severity and the RIDM, that is, the greater the severity, the lower 301 

the dry matter of the roots of the inoculated plants when compared with the non-302 

inoculated plants (Figure 3). Crosby et al. (2000) observed that resistant cultivars have 303 

higher averages for the total root length, the average root diameter, the number of root 304 

branches, the number of thin roots (0.0-0.5 mm) and the number of small roots (0.5-1.0 305 

mm) compared to susceptible cultivars. The tolerance of the C-32 accession is explained 306 

by the high vigor and pronounced branching of its root system. This accession has high 307 

root mass, even when infected, when compared to the susceptible cultivar Pioñet (Dias 308 

et al. 2002). 309 

It should be noted that the inoculation performed in the present study used a 310 

mycelial suspension, since some species of Monosporascus could not be induced to 311 

sporulation (Negreiros et al. 2019). In fact, several methodologies can be developed to 312 

evaluate the virulence of pathogens, by observing the severity of attacks on plant 313 

tissues, such as damage to the hypocotyl, in primary and secondary roots, reduction of 314 

leaf area (Bruton et al. 2000). In these pathogenicity studies, several inoculation 315 

methods can be adopted, such as inoculating the soil with agar colonized with the 316 

fungus (Uematsu et al. 1985; Tsay and Tung 1995; Martyn and Miller 1996; Pivonia et 317 

al. 1997), oat husks mixed with sand in pots (Mertely 1993; Karlatti et al. 1997; Pivonia 318 

et al. 1997), sorghum grains colonized by fungi and incorporated into the soil (Lovic et 319 

al. 1994) etc. These studies proved the effectiveness of the different inoculation 320 

methods. 321 
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The present work represents the first study of pathogenicity of Monosporascus 322 

species described in Brazil in comparison with M. cannonballus, the species of this 323 

genus most distributed and studied worldwide. 324 

The accession A-16 was identified as resistant to most species. In addition, the 325 

breeding value of the accession C-32 as a source of resistance was confirmed. These 326 

accessions can be used in classic breeding programs and, or, as rootstocks. Still with 327 

respect to C-32, it was used as a source of resistance in a backcross program that 328 

generated resistant or tolerant lines of Piel de Sapo to M. cannonballus and with 329 

excellent quality fruits (> 12 % of total soluble solids) (FITA et al. 2009a, b). In the 330 

second alternative, C-32 was used as a rootstock with excellent results. Plants grafted 331 

onto the accession C-32 had few symptoms and good fruit quality when compared to 332 

plants grafted onto rootstocks of the genus Cucurbita. In addition, no incompatibility 333 

was observed when using the accession C-32 as a rootstock (Fita et al. 2007). 334 

 335 
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Table 1. Scott-Knott’s test to average ranks and e original averages of the severity of 486 

melon accessions inoculated with Monosporascus spp. Mossoró RN, 2020. 487 

Species Accession Average 
 A-16 C-32 ‘Goldex’ ‘HBJ’  
M. brasiliensis 80.5aA 38.3bA 53.8bA 84.8aA 64.4 
M. cannonballus 29.5aB 55.9aA 65.0aA 47.1aB 49.4 
M. caatinguensis 14.5bB 78.1aA 78.1aA 59.8aB 57.7 
M. mossoroensis 50.9aA 71.4aA 64.7aA 48.8aB 61.2 
M. nordestinus 14.5bB 62.6aA 80.2aA 96.0aA 63.3 
M. semiaridus 71.4aA 55.9aA 78.1aA 70.0aB 68.9 
Average 45.1 60.4 69.9 67.9  
Effect df1 df2 Test (Type III – Wald) 
   F   χ

2 
Accessions (A) 3 96 4.84**   14.53** 
Species (S) 5 96 1.08ns   5.42ns 

A x S  15 96 3.01** 
 45.07** 

**,*: Significative at (p<0,01) and (p<0,05) by the tests F and Chi-square (χ2); df1: 488 

degrees of freedom of the numerator; df2: degrees of freedom of the denominator. 489 

‘HBJ’: Hales Best Jumbo. Averages followed by the same lowercase letters in the row 490 

belongs to the same group according to the Scott-Knott’s approach  (p>0.05). 491 
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 492 

                         493 

   494 

Figure 1. (A) GGE Biplot with the distribution of the genotypes (on the vertices) 495 

inoculated with six species of the genus Monosporascus. (B) GGE Biplot with the 496 

distribution of the species of the genus Monosporascus (on the vertices) inoculated in 497 

four accession of melon. MBRA: M. brasiliensis, MCAN: M. cannonballus, MCAT: M. 498 

caatinguensis, MMOS: M. mossoroensis, MNOR: M. nordestinus e MSAR: M. 499 

semiaridus. 500 

A 

B 
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 501 

 502 

Figure 2. Melon accessions reaction to six species of the genus Monosporascus. HR: 503 

highly resistant, MR: moderately resistant, SU: susceptible. ‘HBJ’: Hales Best Jumbo. 504 

MBRA: M. brasiliensis, MCAN: M. cannonballus, MCAT: M. caatinguensis, MMOS: 505 

M. mossoroensis, MNOR: M. nordestinus e MSAR: M. semiaridus. 506 

  507 
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Table 2. Unfolding of the root matter reduction index (RIDM) of melon accession 508 

inoculated with Monosporascus spp. Mossoró RN, 2020. 509 

Species Accession 
 A-16 C-32 ‘Goldex’ ‘HBJ’ 
 RIDM (g) 
M. brasiliensis 0.53aA 0.38bA 0.45bA 0.26bB 
M. cannonballus 0.30bB 0.24bA 0.58aA 0.10bB 
M. caatinguensis 0.17aB 0.17bA 0.32aB 0.27aB 
M. mossoroensis 0.24bB 0.46aA 0.40aA 0.36aB 
M. nordestinus 0.26bB 0.21bA 0.46aA 0.59aA 
M. semiaridus 0.39aB 0.29aA 0.25aB 0.23aB 
 510 

Effect  df1 df2 Test (F of Snedecor) 
Acessions (A) 3 96 2.01ns  

2.25ns  
1.91* 

Species (S) 5 96 
A x S  15 96 
 **,*: Significative to (p<0.01) e (p<0.05) bu the test of Snedecor; df1: degrees of 511 

freedom of the numerator; df2: degrees of freedom of the denominator. ‘HBJ’: Hales 512 

Best Jumbo. Averages followed by the same lowercase letters in the row belongs to the 513 

same group according to the Scott-Knott’s approach (p>0.05).  514 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 28, 2022. ; https://doi.org/10.1101/2022.07.28.501868doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.28.501868
http://creativecommons.org/licenses/by-nc-nd/4.0/


18 

 

 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 

Figure 3. Estimations of the coefficient of Spearman’s correlation between the severity 527 

and the root matter reduction index (RIDM) among each accession and species. Mossoró 528 

RN, 2020. MR: moderately resistant, SU: susceptible. ‘HBJ’: Hales Best Jumbo. 529 
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MBRA: M. brasiliensis, MCAN: M. cannonballus, MCAT: M. caatinguensis, MMOS: 530 

M. mossoroensis, MNOR: M. nordestinus e MSAR: M. semiaridus. 531 

  532 
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