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The present paper aimed to characterize the bioactivity being exerted on Sclerotium rolfsii Sacc. in vitro 
by seed aqueous extracts from 64 yam bean (Pachyrhizus spp.) genotypes as well as their maceration 
times (0, 48 and 72 h). Three experiments were carried out following a completely randomized design 
with 64 treatments (potato-dextrose-agar PDA+extracts) with two controls (PDA with no extract and 
PDA+Cabrio® Top in the dose of 4 g/L) with four replicates with one Petri dish per experimental unit. 
The 64 treatments were adjusted in the dose of 0.1%. The mycelial growth diameter was assessed on 
the fifth day. Findings showed the diameters of macerating extracts to be 34.3 - 67.0, 23.5 - 57.8, and 
37.5 - 63.8 mm at 0, 48, and 72 h, respectively. PDA+Cabrio® Top and PDA with no extract controls 
ranged from 0.05 to 0.50 mm and 73.2 to 80.7 mm, respectively. P14, P1, P15, and P46 genotypes 
extracts achieved the lowest mean diameters (47 - 48% shorter). P61 was the genotype bearing the 
largest mean diameter tantamount to a reduction of 21%. Therefore, every aqueous extract has shown 
to be active against S. rolfsii, which indicates that genotypes exerting higher toxicity should either be 
tested against other pathogens or used in the field macerating them for 48 h. 
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INTRODUCTION 
 
The search for biodegradable or less harmful to 
environment pesticides has increased in the past years. 
Hence, Brazil, as a signatory of international treaties such 
as Kyoto, COP 21 Paris agreement, and the United 
Nations 2030 agenda has found that a lot of research 
should be developed concerning this subject.  

The Brazilian  plant  species  richness  still  needs to be 

further investigated to ascertain what each one of them 
might be used for. A large number of plants bearing 
bactericidal, fungicidal, and insecticidal properties are 
being used as traditional remedies (Lorenzi and Matos, 
2008). But, to start this kind of endeavor in Amazonia one 
must search for plants the agronomical management of 
which is well  developed  and  have shown to be effective  
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for controlling pathogens. Thus, Pachyrhizus spp. 
Fabaceae, named jacatupé or feijão-macuco in Brazil; 
jícama in Central America and Mexico; and jíquima, asipa 
and ulillo in Peru (Valcárcel, 1984) has stood out, under 
this context. This genus holds three cultivated 
(Pachyrhizus tuberosus, Pachyrhizus erosus, and 
Pachyrhizus ahipa) and two wild (Pachyrhizus ferrugineus 
and Pachyrhizus panamensis) species (Bastidas, 1998). 
These plants are characterized by bearing toxic seeds, 
unfit for human (Yu et al., 2020) or animal feeding, the 
main metabolite of which is rotenone (Estrella-Parra et 
al., 2014; Upegui et al., 2014; Catteau et al., 2013) 
whose concentration ranges from 0.11 to 0.28% in dry 
matter (Lautie et al., 2012). This substance inhibits the 
mitochondrial respiratory chain by blocking the production 
of adenosine triphosphate (ATP), leading to cell death 
(Catteau et al., 2013). 

The Sclerotium rolfsii Sacc. fungus is quite common in 
Amazonian soils and it mainly attacks the cultivation of 
Solanaceae such as tomato, sweet pepper, and cocona 
(Laborda et al., 2019; Soares et al.,  2017). As a result, 
the use of yam bean seed extracts might help to control 
this pathogen. Preliminary in vitro tests have determined 
0.1% aqueous extracts to be effective for controlling S. 
rolfsii (Martins and Ticona-Benavente, 2017).  

The Germplasm Bank of the National, Amazonian 
Research Institute (INPA) preserves 64 genotypes of this 
bean, which are yet to be characterized as to their 
bioactivity against many pathogens and pests. The 
present work has aimed to characterize the bioactivity 
that 64 yam bean aqueous extracts exert on S. rolfsii in 
vitro; and from them select genotypes bearing the 
greatest effect for the control of this fungus, to be later 
used as a biodegradable fungicide. 
 
 
MATERIALS AND METHODS 
 
The experiments were conducted at the Phytopathology laboratory 
of the National, Amazonian Research Institute (INPA). 
 
 
Preparation of the extracts 
 
The extracts were prepared from seeds of 64 yam bean genotypes 
being preserved at the INPA’s germplasm bank. Seeds were oven-
dehydrated at 50°C for 24 h, then crushed to a fine flour using 
cutting mill. The aqueous extract was then prepared by placing 0.1 
g of the flour in 10 ml of distilled water (=1% mass/volume). 
 
 
Obtaining of S. rolfsii  
 
S. rolfsii sclerotia were obtained by hand, in the field, from infected 
plants of cocona (Solanum sessiflorum Dunal) at INPA’s ‘Alejo von 
der Pahlen’ experimental station (2°59’48’’S, 60°1’22’’W, altitude 60 
m). They were disinfected in the laboratory by being dipped into 
70% alcohol for 1/2 min and 2% sodium hypochlorite for 2 min 
(Personal communication by Luiz Alberto G. Assis). They were then 
washed twice with sterile distilled water and dried on filter paper. 
Sclerotia were multiplied by being placed in a PDA  culture  medium  

 
 
 
 
for 10 days at room temperature (~25°C) and permanent light (450 
lumens).  
 
 
Experimental design 
 
Three experiments were carried out with different maceration times 
of yam bean flour in the water at 4°C: 0 (control), 48 and, 72 h. 
Following these times every extract was mixed with PDA adjusting 
to a final concentration of 0.1%. This solution was autoclaved for 20 
min, ~117°C, and 0,1 MPa and placed on 9 cm-diameter Petri 
dishes within a laminar flow cabinet. Each experiment prepared 256 
Petri dishes with 64 extracts + PDA plus 64 Petri dishes with the 
positive control (PDA + Cabrio® Top) and 64 with negative control 
(PDA) following a completely randomized design with 64 
treatments, four replicates, with one Petri dish per experimental unit 
plus two additional treatments (controls). 
 
 
Antifungal evaluation 
 
Disinfected sclerotia were aseptically placed in the center of the 
Petri dish within a laminar flow cabinet. Then, the Petri dishes were 
sealed with plastic film and set at room temperature (~25°C). 
Following five days, the mycelial growth diameter of the two 
orthogonal axes was evaluated and its mean calculated. The 
percent reduction of mycelial growth was estimated using the 
formula (1-MDGEN/MDPDA)*100, where MDGEN= Mycelial 
diameter in genotype extracts + PDA, and MDPDA= mycelial 
diameter in PDA. 
 
 
Statistical analyses 
 
Data were subjected to individual variance analysis and means 
compared by the Scott-Knott test at 5% probability using the 
SISVAR 5.0 program (Ferreira, Universidade Federal de Lavras, 
MG). With the diameter averages of each maceration time a biplot, 
based on the principal component analysis, was constructed from 
the correlation matrix. JMP 10.0 (SAS Institute, Cary, NC) was the 
software being used. To detect the significance of treatments, 
maceration times, and treatments x maceration times (T x MT) 
effects, the joint variance analysis was also performed considering 
treatments and maceration times as fixed effects. In the case of T x 
MT is significant its decomposition was performed to identify 
extracts stability across maceration time. These analyses were 
made by using the SISVAR 5.0 (Ferreira, D.F., Federal University of 
Lavras-MG). 
 
 
RESULTS AND DISCUSSION 
 
Testing plant extracts bioactivity on pathogens, has 
become paramount for biodegradable pesticides 
development. As to Pachyrhizus spp. its toxic effect on 
fungi has been observed as well (Martins and Ticona-
Benavente, 2017; Barrera-Necha et al., 2004). This 
points out that one is liable to find other genotypes that 
exert even greater toxicity on S. rolfsii. Joint variance 
analysis showed treatments, times (0, 48, and 72 h) and 
treatments x times are significant effects have modified 
the mycelial growth (Table 1). 

T x MT decomposition demonstrated that nearly half of 
the genotypes presented no significant variance between 
maceration  times  (Table  1).  This  indicates them  to  be  
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Table 1. Joint variance analysis of in vitro Sclerotium rolfsii mycelial 
growth influenced by extracts seeds of yam bean (Pachyrhizus spp.) 
genotypes and maceration time (the culture media with potato-
dextrose-agar (PDA) and Cabrio® Top were the controls). 
 

Source of variation DF 
Mean square 

Diameter (mm)2 
Treatment (T) 65 9209.83** 
MacerationTime (MT) 2 1577.37** 
T x MT 130 163.35** 
T/PDA 2 907.71** 
T/Cabrio® Top  2 5.48ns 
T/P1 2 73.08ns 
T/P2 2 98.58ns 
T/P3 2 51.58ns 
T/P4 2 88.08* 
T/P5 2 1143.00** 
T/P6 2 15.08ns 
T/P7 2 464.25** 
T/P8 2 57.58ns 
T/P9 2 9.25ns 
T/P10 2 21.33ns 
T/P11 2 225.33* 
T/P12 2 49.00ns 
T/P13 2 41.33ns 
T/P14 2 865.08** 
T/P15 2 51.08ns 
T/P16 2 35.58ns 
T/P17 2 18.75ns 
T/P18 2 98.58* 
T/P19 2 739.08** 
T/P20 2 333.25** 
T/P21 2 146.33** 
T/P22 2 156.58** 
T/P23 2 1565.08** 
T/P24 2 116.58* 
T/P25 2 68.08ns 
T/P26 2 2.58ns 
T/P27 2 67.00ns 
T/P28 2 310.33** 
T/P29 2 123.58** 
T/P30 2 71.08ns 
T/P31 2 293.58** 
T/P32 2 25.00ns 
T/P33 2 110.08* 
T/P34 2 157.75** 
T/P35 2 257.33** 
T/P36 2 306.75** 
T/P37 2 86.58* 
T/P38 2 166.33** 
T/P39 2 186.33** 
T/P40 2 110.33* 
T/P41 2 6.25ns 
T/P42 2 224.08** 
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Table 1. Cont’d 
 

T/P43 2 53.08ns 
T/P44 2 17.30ns 
T/P45 2 10.75ns 
T/P46 2 321.33** 
T/P47 2 189.25** 
T/P48 2 20.58ns 
T/P49 2 5.25ns 
T/P50 2 76.00* 
T/P51 2 63.08** 
T/P52 2 54.25ns 
T/P53 2 30.08ns 
T/P54 2 225.33** 
T/P55 2 25.75ns 
T/P56 2 127.00** 
T/P57 2 10.75ns 
T/P58 2 63.58ns 
T/P59 2 160.33** 
T/P6 2 15.08ns 
T/P60 2 39.08ns 
T/P61 2 118.08** 
T/P62 2 152.33** 
T/P63 2 76.58* 
T/P64 2 105.58* 
Error 954  
Total 1151  
Mean  45.12 
CV (%)  11.17 

 

*, ** and ns: significant at P<0.05, P<0.01 and no significant, respectively. 
DF: Degrees of freedom. CV: Coefficient of Variation. 

 
 
 
stable up to 72 h at 4°C. Highlighting genotypes P1 (41.3 
mm) and P15 (40.6 mm), presenting below average 
diameters (45.12 mm). Other tests, taking longer storage 
and maceration times at room temperature into account, 
will be needed to ease the use of these extracts out in the 
field. 

On the other hand, genotypes P23 and P5 showed to 
be the ones contributing the most to interaction, since 
they presented the highest mean squares (Table 1). This 
means that maceration time has influenced their 
bioactivity. The extracts mycelial growth mean obtained 
with 0 h of maceration for the control treatments was 0.06 
mm for PDA+Cabrio®Top and 76.84 mm for PDA with no 
extracts, and PDA+extracts it ranged from 34.3 mm (P46) 
to 67.0 mm (P19) (Table 2). This is equal to it being 
reduced by 12-55%. Highlighting genotypes P46, P20, 
and P39, whose diameters showed less than 38.50 mm 
(a reduction of between 50 and 55%). P19, P61, and P28 
genotypes showed to be the ones bearing high mycelial 
growth ranging from 63.0 to 67.0 mm (reduction  between 

12 and 18%). These findings point out that P46, P20, and 
P39 genotypes aqueous extracts can be tested in the 
field for the control of S. rolfsii since they need no time to 
be macerated. 

When comparing mycelial growth means at 48 h, one 
observes controls to hold diameters of 73.2 and 0.6 mm 
for PDA and Cabrio® Top respectively (Table 2), though 
extracts ranged from 23.5 mm (P23) to 57.8 mm (P31) 
(Table 2). This points out that extracts bear a toxic effect 
on S. rolfsii, but not on the same level as that being 
exerted by Cabrio® Top. Considering PDA as the 
maximum growth, one may infer that extracts reduce the 
diameter by 21.0 to 67.9%. Highlighting P23, P5, and 
P14 genotypes the diameters of which failed to reach 25 
mm. This demonstrated these genotypes to control S. 
rolfsii more efficiently. P31 (57.8 mm), P34 (56.3 mm), 
and P28 (56.0 mm) showed to be the ones where the 
fungus presented the largest mycelial growth.  

Controls held diameters from 0.05 to 80.7 mm for 
Cabrio®   Top   and    PDA,    respectively,    at    72 h   of 
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Table 2. Different yam bean (Pachyrhizus spp.) seed extracts and maceration time effect on mycelial 
growth diameter means of Sclerotium rolfsii (the culture media with potato-dextrose-agar (PDA) and 
Cabrio® Top were the controls). 
 

Genotype 
Diameter (mm) 

0 h 48 h 72 h Mean 
PDA (Control) 76.84f1 73.17e 80.70e 76.90g 
Cabrio® Top (Control) 0.06a 0.56a 0.05a 0.23a 
P1 38.50b 39.25c 46.25c 41.33b 
P2 56.50d 47.25c 55.00d 52.91e 
P3 50.75c 44.00c 49.50c 48.08d 
P4 42.25b 50.50d 50.25c 47.66d 
P5 52.25d 23.75b 53.75d 43.25c 
P6 47.75c 51.50d 50.50c 49.91d 
P7 56.00d 35.75c 52.25d 48.00d 
P8 57.75d 50.25d 53.00d 53.66e 
P9 51.75d 49.25d 49.00c 50.00d 
P10 43.50b 43.25c 47.25c 44.58c 
P11 62.75e 49.75d 49.75c 54.08e 
P12 45.50c 42.00c 49.00c 45.50c 
P13 59.25d 53.25d 54.25d 55.58e 
P14 44.25c 24.50b 53.25d 40.66b 
P15 39.75b 37.50c 44.50b 40.58b 
P16 49.00c 43.25c 47.50c 46.58c 
P17 44.75c 44.75c 48.50c 46.00c 
P18 50.25c 40.75c 48.00c 46.33c 
P19 67.00e 40.75c 47.75c 51.83e 
P20 35.50b 53.75d 44.25b 44.50c 
P21 52.00d 49.50d 40.50b 47.33d 
P22 43.00b 49.75d 55.50d 49.41d 
P23 57.25d 23.50b 58.25d 46.33c 
P24 56.00d 45.25c 49.75c 50.33d 
P25 44.50c 48.50d 40.25b 44.41c 
P26 45.25c 45.50c 44.00b 44.91c 
P27 47.50c 53.00d 45.00b 48.50d 
P28 63.00e 56.00d 45.50b 54.83e 
P29 46.25c 46.00c 55.75d 49.33d 
P30 51.75d 45.00c 52.75d 49.83d 
P31 62.00e 57.75d 45.50b 55.08e 
P32 46.50c 49.00d 51.50c 49.00d 
P33 57.25d 55.00d 47.25c 53.16e 
P34 45.25c 56.25d 56.00d 52.50e 
P35 46.50c 53.50d 37.50b 45.83c 
P36 62.00e 44.75c 56.00d 54.25e 
P37 48.75c 39.50c 45.00b 44.41c 
P38 40.50b 53.00d 49.50c 47.66d 
P39 37.75b 50.25d 48.75c 45.58c 
P40 48.25c 53.75d 58.75d 53.58e 
P41 45.75c 43.25c 44.50b 44.50c 
P42 43.50b 45.25c 57.25d 48.66d 
P43 50.00c 43.25c 49.00c 47.41d 
P44 43.50b 46.25c 47.00c 45.28c 
P45 48.50c 46.50c 49.75c 48.25d 
P46 34.25b 35.25c 50.25c 39.91b 
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Table 2. Cont’d 
 

P47 44.25c 51.50d 58.00d 51.25e 
P48 49.00c 47.25c 51.75c 49.33d 
P49 50.50c 51.25d 49.00c 50.25d 
P50 55.00d 47.00c 48.00c 50.00d 
P51 44.75c 53.00d 63.75d 53.83e 
P52 43.00b 42.75c 49.25c 45.00c 
P53 51.50d 55.50d 56.75d 54.58e 
P54 41.75b 41.75c 54.75d 46.08c 
P55 47.00c 43.75c 48.75c 46.50c 
P56 51.75d 42.25c 52.25d 48.75d 
P57 46.75c 45.50c 43.50b 45.25c 
P58 51.75d 44.50c 51.00c 49.08d 
P59 46.25c 41.75c 54.25d 47.41d 
P60 47.75c 47.00c 42.00b 45.58c 
P61 66.50e 55.75d 59.75d 60.66f 
P62 54.00d 42.00c 50.50c 48.83d 
P63 48.00c 43.50c 52.25d 47.91d 
P64 39.25b 43.75c 49.50c 44.16c 
Mean 45.55B 42.90A 46.88C  

 
1Means followed by distinct lowercase letters in the column differ from each other by the Scott-Knott test (P<0.05). 
2Means followed by distinct capital letters on the line differ from each other by the Scott-Knott test (P<0.05). 

 
 
 
maceration. Yet, extracts held diameters ranging from 
37.5 mm (P35) to 63.8 mm (P51). This is tantamount to a 
21-54%. P35 (37.5 mm); P25 (40.3 mm) and P21 (40.5 
mm) showed to be the genotypes that did control the 
fungus efficiently. As a result, these genotypes are 
recommended to be used with 72 h of maceration. 
Conversely, P51, P61, and P40, hold diameters of 
between 58.8 and 63.8 mm, bore lower efficiency for 
controlling the above-mentioned fungus. 

Other plant species have been used for controlling S. 
rolfsii. For instance: i) aqueous extracts from crajiru 
(Arrabidaea chica) and hot pepper (Kamila et al., 2009), 
both in the dose of 20%, inhibited injury on the bottom 
stem of the tomato (Kamila et al. 2009); ii) aqueous 
extracts from nettle (Urtica sp.) at 10, 20 and 50% 
concentrations were also effective in vitro, reducing 
mycelial growth by 90% (Soares, 2013); iii) aqueous 
extracts from rosemary (Helianthus annuus L.) at 15 and 
20% concentrations reduced mycelial growth by 100% 
(Araújo et al., 2014). Nevertheless, yam bean seed 
extracts were at a concentration of 0.1% and reduced the 
mycelial growth by up to 67%, which indicates that 
extracts from this bean might bear greater toxicity against 
this fungus than that being exerted by crajirú, pepper, 
nettle, and rosemary.  

Comparing 0, 48, and 72 h as the average time for all 
treatments (Table 2), one observes mycelial growth to be 
significantly lower at 48 h than at the other maceration 
times (42.9 mm) and higher (46.8 mm) at 72 h. Thus, this 

has demonstrated 48 h to be the best time for preparing 
aqueous extracts.  

Based on a variance and covariance matrix regarding 
the genotypes’ mycelial growth means, at the three 
maceration times, a biplot that accounted for 88.5% of 
the total variation, was constructed (Figure 1), increasing 
the reliability of the geometrical interpretations. Biplot 
graph demonstrates that 48 and 72 h, and 48 and 0 h 
vectors tend to form a 90° angle pointing out 48 h 
mycelial growth not to be associated with that at 0 and 72 
h. It also shows 0 and 72 h to be associated. These 
findings indicate toxicity to rise along with maceration 
time, up to 48 h, and to start coming down afterward. 
Regarding treatments distribution, one has noted extracts 
to have had a behavior intermediate to the performances 
played by Cabrio® Top and PDA with no extracts. When 
just taking extracts into account one observes their 
variability when controlling S. rolfsii. However, this 
variability concentrated around the origin of the vectors, 
indicates their performance to tend to the overall 
average. P23, P5, and P14 genotypes stood out due to 
their fungicidal effect at 48 h, confirmed by the 23.5; 23.8, 
and 24.5 mm mycelial growth means, respectively. Other 
promising genotypes are the ones geometrically closer to 
Cabrio® Top. Such as P46, P15, and P1, presenting 
39.9; 40.6, and 41.3 mm overall means, respectively. P20 
(35.5 mm) stands out when considering the aqueous 
extracts prompt use. Based on these findings P23, P5, 
P14,  P46,  P15,   P1,   and   P20   genotypes   might   be 
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Figure 1. Biplot showing the interaction of genotypes x maceration 
time performed by extracts from yam bean (Pachyrhizus spp.) over 
the mycelial growth of S. rolfsii. 

 
 
 
recommended to either conduct novel toxicity tests with 
other pathogens or arthropods. The aqueous extracts 
showed to be promising for controlling S. rolfsii. However, 
other solvents should be tested when preparing them so 
as to enhance their efficiency.  

On the other hand, the main active ingredient of these 
extracts is rotenone, which is water-insoluble (Sigma, 
2019). Therefore, other studies should quantify the 
extracts’ rotenone contents in order to ascertain whether 
this metabolite would be associated with this fungus 
growth inhibition. Studies of rotenone decomposition by 
sunlight and ultraviolet irradiation showed rotenone to 
have a half-life of 10 min to 2.5 days (Cabizza et al., 
2004; Chen et al., 2009). Meanwhile, rotenone’s lowest 
lethal dose in children via oral was 143 mg/kg (WHO, 
1992). As rotenone concentration in Pachyrhizus seeds 
ranges from 0.11 to 0.28% in dry matter (Lautié et al., 
2012), one child would need to eat at least 51 g/kg to die, 
although, there is one accidental intoxication case where 
the person died after eating 80 g of Pachyrhizus seeds 
(Fu and Wang, 2012). For this reason, World Health 
Organization considers rotenone as moderately toxic for 
humans (WHO, 1992). Therefore, Pachyrhizus extracts 
have a low impact on the environment and humans.  

As Pachyrhizus extracts showed intermediary efficiency 
when compared with two controls, they could be used in 
agriculture to control S. rolfsii with minor impact over 
some pollinators such as bees (Xavier et al., 2010) and 
soil mesofauna (Guimarães et al., 2019). Other studies 
must be carried out  to  estimate  the  right  occasion  and 

optimal frequency of extracts application for each crop.  
In order to produce pesticides based on this bean, it will 

be necessary to evaluate the P1, P5, P14, P15, P23, and 
P46 genotypes grain yield potential, as well as quantify 
their rotenone content. Then try to adapt the high-
performance industrial extraction with supercritical CO2 
used in Derris elliptica (Baldino et al., 2018), which 
showed to have an efficiency of 93% for extracting 
rotenoids. 
 
 
Conclusion 
 
Yam bean seed aqueous extracts should be used at 
0.1% concentration, macerated for 48 h at 4°C to 
increase their efficiency in controlling S. rolfsii. P1, P5, 
P14, P15, P20, P23, P46, and, P64 genotypes should be 
investigated in the field to determine their agronomical 
performance and grain yield. Other solvents must be 
tested to evaluate extracts efficiency. 
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