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Crop Science/ Original Article

Selection of sugary 
cassava genotypes for 
ethanol production
Abstract – The objective of this work was to evaluate the genetic diversity 
of sugary cassava genotypes in relation to production parameters and the 
chemical composition of storage roots for ethanol production. A randomized 
complete block design was used to evaluate eight genotypes grown in two 
locations (municipalities) in the state of São Paulo, Brazil. Yield presented a 
positive correlation with number of roots per plant and average root weight, as 
well as a negative correlation with specific gravity, root dry matter, and starch 
content in storage roots. Genotype 597/10 showed a greater dissimilarity to 
cultivar BRS 438, mainly due to higher contents of dry matter, starch, and 
sugar in storage roots. The 1096/12, 999/12, and 1380/10 genotypes presented 
a greater similarity to cultivar BRS 438. Therefore, the evaluated sugary 
cassava genotypes show a significant genetic diversity. Due to its production 
characteristics and tuberous root chemical composition, genotype 597/10 has 
potential as raw material for alcoholic fermentation processes.

Index terms: Manihot esculenta, alcohol, breeding, starch, yield.

Seleção de genótipos de mandioca 
açucarada para a produção de etanol
Resumo – O objetivo deste trabalho foi avaliar a diversidade genética de 
genótipos de mandioca açucarada em relação aos parâmetros de produção e à 
composição química das raízes tuberosas para a produção de etanol. Utilizou-
se delineamento em blocos ao acaso para avaliar oito genótipos cultivados em 
dois locais (municípios) do estado de São Paulo, Brasil. A produtividade teve 
correlação positiva como o número de raízes por planta e o peso médio das 
raízes, bem como correlação negativa com a gravidade específica, a matéria 
seca das raízes e o teor de amido nas raízes tuberosas. O genótipo 597/10 
apresentou maior dissimilaridade com a cultivar BRS 438, principalmente 
devido ao maior teor de matéria seca, amido e açúcar nas raízes tuberosas. 
Os genótipos 1096/12, 999/12 e 1380/10 tiveram maior similaridade com a 
cultivar BRS 438. Portanto, os genótipos de mandioca açucarada avaliados 
apresentam significativa diversidade genética. Devido às suas caraterísticas 
de produção e à composição química das raízes tuberosas, o genótipo 597/10 
apresenta potencial como matéria-prima para processos de fermentação 
alcoólica.

Termos para indexação: Manihot esculenta, álcool, melhoramento genético, 
produtividade, amido.

Introduction

Cassava (Manihot esculenta Crantz) is a perennial and shrub crop, 
normally grown in tropical and subtropical regions of the world, 
such as the African continent that accounted for 62.87% of the total 
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338.83 million tons produced in 2023 (FAO, 2024). 
According to this same database, cassava is grown 
in all states of Brazil, where 18.5 million tons were 
produced in this same year, with an average yield 
of 15.41 Mg ha-1, ranking the country fifth in world 
production.

In Brazil, sugary cassava, known as “mandiocabas”, 
is presented as cultivars with a high yield, high sugar 
content, and low starch content (Carvalho et al., 2004; 
Aguiar et al., 2020). Although these cassava plants are not 
valued as raw material for the flour and starch industries 
(Souza et al., 2013; Moura et al., 2016), they show 
potential use for animal feed (silage and fodder grass), 
ethanol production, and the development of beverages 
(Vieira et al., 2008; Teixeira et al., 2017; Fernandes 
et al., 2021; Vieira et al., 2023). There is a promising 
market for cassava alcoholic beverages, based on the 
current trend in anthropology of revitalizing cultural 
beverages as a way of promoting local development and 
valuing crops (Keskin & Günes, 2021).

The estimated yield of ethanol from cassava 
is 4,100 L ha-1 per year, based on 25 tons of fresh 
roots per hectare per year, compared with that of 
3,600–4,500 L ha-1 per year from sugarcane, based 
on 64–79 tons of sugarcane per hectare per year (Zhu 
et al., 2023; Alzate et al., 2024). Therefore, cassava, as 
a bioenergy crop, offers several advantages, including 
the ability to be planted and harvested all year 
round, as well as a high root productivity, tolerance 
to adverse soil fertility and climatic conditions, and 
high carbohydrate content, making it valuable as an 
alternative in regions where sugarcane cultivation is 
not viable (Fathima et al., 2023).

In this scenario, introducing sugary cassava into the 
production system as raw material to be industrialized 
for the alcoholic fermentation process is an important 
undertaking. Assessing the production of genotypes is 
a first step towards providing knowledge to producers 
and industrialists.

The objective of this work was to evaluate the genetic 
diversity of sugary cassava genotypes in relation to 
production parameters and the chemical composition 
of storage roots for ethanol production.

Materials and Methods
Two experiments were set up in different 

agricultural areas in the state of São Paulo, Brazil. 
The first experiment was conducted from October 

2020 to June 2021 at the São Manuel experimental 
farm of Universidade Estadual Paulista in the 
municipality of São Manuel (22º77'S, 48º57'W, at 
740 m above sea level). The aim was to evaluate 
the initial adaptation of the genetic materials to the 
climatic conditions of the region (Figure 1). The soil 
of this experimental area is classified as a Latossolo, 
according to the Brazilian Soil Classification System 
(Santos et al., 2006), equivalent to an Oxisol, with a 
sandy texture, and the previous crop was corn (Zea 
mays L.). The second experiment was carried out 
from June 2021 to June 2022 in an experimental area 
located in the municipality of Ubirajara (22º34'00"S, 
49º37'22"W, 565 m above sea level). The soil at the 
site is a Neossolo, according to the Brazilian Soil 
Classification System (Santos et al., 2006), equivalent 
to an Entisol, with a sandy texture. The experimental 
area was cultivated with cassava (Manihot esculenta 
Crantz) in the previous harvest. The soil analysis was 
performed according Raij et al. (2001), as shown in 
Table 1. 

The climate in the two municipalities, according 
to Köppen’s classification, is of the Cwa type, high-
altitude tropical, with a dry winter and a hot and 
rainy summer. Daily rainfall and temperatures 
during the experimental period were obtained from 
the meteorological station of Instituto Nacional de 
Meteorologia, located in the municipality of Bauru, in 
the state of São Paulo (Figure 1).

The experimental design used in both study areas 
was randomized complete blocks with four replicates. 
For the treatments, the BRS 438 sugary cassava 
cultivar was used (Vieira et al., 2023), as well as 
seven sugary cassava genotypes selected by Embrapa 
Cerrados from crossings between genotypes from the 
institution’s cassava germplasm bank (Table 2).

The plots were made up of four 8.0 m long cassava 
rows. For yield evaluation, the two central rows were 
considered, excluding 0.5 m at the end of each row of 
plants and one row on each side of the plots.

Subsequently, the experimental area was prepared 
conventionally through plowing and harrowing. Stem 
cuttings measuring 13 cm in length, with four to five 
buds each, were used for planting. Planting was carried 
out with the Bazuca 2 cassava-planting machine (Planti 
Center, Marialva, PR, Brazil), at a spacing of 0.90 m 
between rows and 0.80 m between plants in São Manuel 
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and of 1.10 m between rows and 0.60 m between plants 
in Ubirajara.

In São Manuel, planting fertilization consisted of 
200 kg ha-1 of the N-P-K fertilizer at a ratio of 4-30-10 + 
0.5% Zn (8.0 kg ha-1 N, 60 kg ha-1 P2O5, 32 kg ha-1 K2O, 
and 1.0 kg ha-1 Zn, respectively). In Ubirajara, 50 kg 
ha-1 P2O5 via single superphosphate (18% P2O5, 16% 
Ca, and 10% S) were used for planting fertilization. 

Six days after planting, the Sinerge pre-emergence 
herbicide (FMC Química do Brasil Ltda., Campinas, 
SP, Brazil), consisting of ametryn + clomazone, was 
applied at a rate of 5.0 L ha-1, using a spray volume of 
200 L ha-1.

In São Manuel, topdressing fertilization was applied 
two months after plant emergence, using 300 kg ha-1 of 
the N-P-K fertilizer at a ratio of 20-05-20 (60 kg ha-1 

Figure 1. Minimum and maximum temperatures and rainfall during the months in which the experimental trials were 
carried out in the municipalities of São Manuel and Ubirajara in the state of São Paulo, Brazil.
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N, 15 kg ha-1 P2O5, and 60 kg ha-1 K2O). In Ubirajara, 
185 kg ha-1 of the N-P-K fertilizer at a ratio of 
20-05-20 (37 kg ha-1 N, 9 kg ha-1 P2O5, 37 kg ha-1 K2O) 
were applied as topdressing. Both experiments were 
carried out without irrigation.

The plants in the two experiments were harvested 
during the senescence of cassava in the first vegetative 
cycle, marked by a decline in the number of leaves. 
The final plant population was assessed in the two 
central 7.0 m long rows of the usable area of each 
plot. Subsequently, a 6.4 and 4.8 m section from these 
central rows were harvested (~eight plants per row) 
in São Manuel and Ubirajara, respectively, and plant 
shoot, planted stem cutting, and storage roots were 

separated. The roots were weighed, and the average 
root weight per plant was calculated by dividing total 
root weight by the number of plants per plot. Root yield 
was calculated by multiplying the fresh weight of roots 
per plant by the final plant population.

Samples of the central third of ten roots were sliced, 
placed in paper bags, weighed, and taken to an oven with 
air circulation, at 65ºC, until reaching a constant weight, 
in order to determine the dry mass of the storage roots. 
After drying, the samples were weighed again, and the 
dry matter content was obtained using the gravimetric 
method according to Association of Official Analytical 
Chemists (AOAC) (Latimer Jr., 2012).

The freshly harvested roots were separated into 
5.0 kg samples, washed to remove excess soil, and then 
weighed in water using the hydrostatic balance method 
to determine the specific gravity of the samples 
through the weight ratio, according to the following 
equation (Silva et al., 2023): SG = IW/(IW – FW), where 
SG is specific gravity, WI is the initial weight of the 
sample in air, and FW is the weight obtained on the 
hydrostatic balance after the roots were submerged.

For the analysis of their chemical composition, the 
storage roots were peeled to remove their outer brown 
layer, sanitized in chlorinated water, and analyzed for 
the contents of moisture, ash, fiber, protein, lipids, 
total sugars, reducing sugars, and starch using methods 
934.06, 923.03, 985.29, 920.152, 922.06, 968.28, 925.36, 
and 996.11, respectively, of AOAC (Latimer Jr., 2012).

The data on total sugars and starch in the storage 
roots and on the root yield of each genotype were 
used to estimate the theoretical ethanol production 
of the studied genotypes (Lima, 1975; Walker & 
Walker, 2018). For this, the theoretical percentage 
of fermentable sugars in the roots was obtained by 

Table 2. Parental cassava (Manihot esculenta) genotypes, their common name, origin, and classification, as well as the 
genealogy of the evaluated genotypes.

Parental Common name Origin
(Brazilian municipality)

Classification Genotype Genealogy

BGMC 753 'IAC 576-70' Campinas, SP(1) Sweet cassava 'BRS 438' BGMC 1213 x BGMC 753
BGMC 1213 'CAS 37/17' Castanhal, PA(2) Sugary cassava Genotype 999/12 BGMC 1217 x BGMC 753
BGMC 1215 'Castanhal' Castanhal, PA(2) Sugary cassava Genotype 1380/10 BGMC 1217 x BGMC 753
BGMC 1217 'Iguaçu' Igarapé-Açu, PA(2) Sugary cassava Genotype 1378/10 BGMC 1217 x BGMC 753
BGMC 1443 'BRS 438' Brasília, DF(3) Sugary cassava Genotype 706/10 BGMC 1217 x BGMC 753
- - - - Genotype 392/09 BGMC 1215 x BGMC 753
- - - - Genotype 597/10 BGMC 1215 x BGMC 753
- - - - Genotype 1096/12 BGMC 1215 x BGMC 1443

(1)SP, state of São Paulo. (2)PA, state of Pará. (3)DF, Distrito Federal, special territory created for the country’s capital. 

Table 1. Soil chemical attributes of the experimental areas 
at a depth of 0.0–0.2 m before cassava (Manihot esculenta) 
planting (n = 4) in the municipalities of São Manuel and 
Ubirajara in the state of São Paulo, Brazil.

Soil chemical attributes São Manuel Ubirajara
pH (CaCl2) 5.2 5.3
Organic matter (g dm-3) 5.0 6.0
Presin (mg dm-3) 14.0 9.0
S (mg dm-3) 2.0 2.0
K (mmolc dm-3) 1.1 0.7
Ca (mmolc dm-3) 12.0 9.0
Mg (mmolc dm-3) 4.0 4.0
H+Al (mmolc dm-3) 16.0 14.0
Sum of bases (mmolc dm-3) 17.0 14.0
Cation exchange capacity (mmolc dm-3) 33.0 28.0
Base saturation (%) 52.0 51.0
B (mg dm-3) 0.2 0.2
Cu (mg dm-3) 0.9 0.4
Fe (mg dm-3) 5.0 7.0
Mn (mg dm-3) 4.0 7.3
Zn (mg dm-3) 0.9 0.7



Pesq. agropec. bras., Brasília, v.60, e04030, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.04030

Selection of sugary cassava genotypes for ethanol production 5 of 11

adding the conversion of starch into glucose (1.11 g 
glucose per gram of starch) to the value of total sugars. 
Subsequently, the theoretical ethanol production was 
estimated (0.511 g ethanol per g glucose), and ethanol 
yield per genotype (1,000 L ha-1 per year) was calculated 
based on the storage root yield of each genotype and 
on ethanol density.

The data obtained for each experiment were analyzed 
separately through the analysis of variance, and means 
were grouped with the Scott-Knott clustering test at 
a 5% significance level using the SISVAR software 
(Ferreira, 2011). The cluster analysis, based on Ward’s 
method using squared Euclidian distance and the 
principal component analysis (PCA), was carried 
out to correlate and discriminate genotypes, as well 
as to identify the relationships between the different 
components through the Minitab, version 17, software 
(Minitab, LLC., State College, PA, USA).

Results and Discussion

The lowest numbers of roots was found for cassava 
genotypes 1378/10, 392/09, and 1096/12 and for cultivar 
BRS 438 in São Manuel (Table 3). In Ubirajara, 
genotype 1378/10 presented the lowest number of 
roots compared with the other genotypes from the 
crossbreeding between 'Iguaçu' and 'IAC 576-70', a 
behavior also observed in São Manuel. Genotypes 
392/09 and 597/10 did not differ for this parameter, 
being similar to genotype 1096/12 in Ubirajara.

The average root yields of sugary cassava in 
São Manuel and in Ubirajara exceeded the average 
yields of 15.4 and 23.2 Mg ha-1 of cassava plants in 
Brazil and in the state of São Paulo, respectively 
(IBGE, 2023). In São Manuel, the highest yield was 
that of 61.87 Mg ha-1 obtained for 'BRS 438', followed 
by that of genotypes 1380/10, 706/10, and 597/10 from 
the crossing between the 'IAC 576-70' and the 'Iguaçu' 
sweet and sugary cassava, respectively. In Ubirajara, 
the BRS 438 cultivar also showed the highest yield.

The yields of the sugary cassava genotypes were 
within the averages obtained in studies with genotypes 
grown in different regions of Brazil and used for 
cooking (Mezette et al., 2009; Silva et al., 2011), 
in the industry (Vieira et al., 2015), and as sugary 
cassava (Vieira et al., 2023). Mezette et al. (2009) 
found an average yield of 23.14 Mg ha-1 for 12 cassava 
genotypes from the cassava breeding program of 

Instituto Agronômico de Campinas (IAC) that were 
used for cooking. In their research, Silva et al. (2011) 
observed that cultivar IAC 576-70 had the highest yield 
of 34.9 Mg ha-1. In an evaluation of industrial cassava 
genotypes from the Cerrado cassava germplasm bank 
of Embrapa Cerrados, high yields were reported, 
ranging from 23.19 to 56.25 Mg ha-1 in the first crop 
and from 25.93 to 39.64 Mg ha-1 in the second (Vieira 
et al., 2015). Working with sugary cassava, Vieira 
et al. (2023) obtained an average yield of 38.38 Mg ha-1 
for the IAC 576-70 cultivar and of 99.29 Mg ha-1 for 
the BRS 438 sugary cassava cultivar, as well as values 
ranging from 33.24 to 43.58 Mg ha-1 for other sugary 
cassava genotypes. Since it is closely related to crop 
profitability, root yield is one of the most important 
traits for the selection of cassava genotypes (Andrade 
et al., 2022). Despite the shorter cultivation time 
and different soil and climatic conditions and crop 
management adopted in the present study, it can be 
inferred that the evaluated sugary genotypes show a 
yield potential close to that of previous studies, but 
lower than that of the BRS 438 sugary cultivar.

The sugary cassava evaluated in the present work 
showed a wide variation in dry matter content in storage 
roots, which ranged from 18.36 to 30.52% in the São 
Manuel crop and from 17.56 to 27.76% in the Ubirajara 
crop. Higher dry matter percentages were obtained for 
genotypes 392/09 and 597/10 in both areas, indicating 
their greater capacity to allocate assimilates in storage 
roots.

Important differences in dry matter content were 
also observed in other studies on cassava genotypes 
grown in the state of São Paulo. In the research 
carried out by Mezette et al. (2009), the IAC 576-70 
cultivar showed 43.58% root dry matter, a high 
value comparable to that of 34.0 to 43.5% dry matter 
content found by Silva et al. (2023) for the IAC 14 and 
IAC 90 cultivars widely planted for industrialization 
in the state. For sugary cassava, Fernandes et al. 
(2021) reported a low dry matter content of 19.81% for 
genotype 617/08 (cultivar BRS 438), as verified in the 
present work. When selecting for ethanol production, 
genotypes with a higher dry matter content are of 
interest (Alzate et al., 2024).

Specific gravity varied according to the different 
cassava genotypes. In the field in São Manuel, the 
specific gravity of the storage roots ranged from 1.04 
to 1.08, with the highest values found for genotypes 
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392/09 and 597/10. In the field in Ubirajara, specific 
gravity varied from 1.03 to 1.08, with the highest values 
obtained for genotypes 597/10, 392/09, 706/10, and 
1378/10. However, the values in the present study were 
lower than those of 1.104 to 1.165 reported by Silva 
et al. (2023) for different cassava genotypes destined 
for industry use. Specific gravity is directly related to 
the dry matter content of storage roots, influencing 
processing efficiency and the quality of final products 
(Shittu, 2016; Maraphum et al., 2021).

There were significant differences in the chemical 
composition of the storage roots of the cassava 
genotypes in the two growing locations (Table 4). 
In both experimental areas, genotypes 1380/10 and 
1096/12 did not differ from 'BRS 438', showing the 
highest moisture contents in storage roots. Lower 
moisture contents were observed for genotypes 392/09 
and 597/10 in the two experimental areas, confirming 
the greater accumulation of dry matter in their storage 
roots, in addition to making them potential raw 
materials for ethanol production. These genotypes 
had moisture contents similar to that of 70 g 100 g-1 

reported by Ceni et al. (2009) for the 'Casca Roxa' 
and 'BRS Dourada' cassava used for cooking. Bayata 
(2019) highlighted that the water content in cassava 
roots ranges from 60.3 to 87.1%.

The total mineral content of storage roots is 
represented by ash content, which has been shown 
to vary for cassava genotypes selected for cooking. 
Ceni et al. (2009), for example, observed variations of 
0.87 to 1.06 g 100 g-1 ash in the storage roots of the 
BRS Rosada, Casca Roxa, BRS Dourada, BRS Gema 
de Ovo, and Saracura cassava cultivars. As in the 
present study, Teixeira et al. (2017) found ash contents 
varying from 0.11 to 0.46 g 100 g-1, with the lowest value 
for 'IAC 576-70'. Higher levels of minerals in cassava 
roots is a factor of interest when selecting genotypes for 
ethanol production since yeasts reproduce and ferment 
slowly when the amount of minerals is insufficient 
(Walker & Walker, 2018). Walker & Walker (2018) 
added that raw materials must provide yeasts not only 
with fermentable sugars, but also with a series of other 
nutrients such as nitrogen, minerals, vitamins, and 
accessory growth factors as lipids.

Table 3. Number of roots per plant, yield, dry matter, and specific gravity of the storage roots of different sugary cassava 
(Manihot esculenta) genotypes grown in the municipalities of São Manuel and Ubirajara in the state of São Paulo, Brazil(1).

Genotype Number of 
roots per plant

Yield 
(Mg ha-1)

Dry matter 
(%)

Specific 
gravity

São Manuel
Genotype 999/12 8.81a 17.05d 20.05c 1.05c
Genotype 1380/10 11.44a 35.87b 18.77c 1.05c
Genotype 1378/10 6.75b 24.28c 23.24b 1.07b
Genotype 706/10 9.94a 39.92b 22.62b 1.06b
Genotype 392/09 7.23b 24.06c 26.70a 1.08a
Genotype 597/10 10.94a 33.28b 30.52a 1.08a
Genotype 1096/12 7.19b 28.71c 18.57c 1.05c
'BRS 438' 7.25b 61.87a 18.36c 1.04d
Average 8.69 33.13 22.35 1.06
CV (%) 19.63 14.06 9.79 0.54

Ubirajara
Genotype 999/12 4.22c 19.43c 19.65c 1.04b
Genotype 1380/10 5.22b 31.14b 19.86c 1.04b
Genotype 1378/10 2.54d 20.22c 24.78b 1.07a
Genotype 706/10 6.32a 34.89b 23.58b 1.06a
Genotype 392/09 4.78b 24.73c 26.81a 1.08a
Genotype 597/10 5.53b 38.54b 27.76a 1.08a
Genotype 1096/12 5.35b 40.34b 18.27c 1.03b
'BRS 438' 7.03a 64.27a 17.56c 1.03b
Average 5.12 34.20 22.28 1.05
CV (%) 18.83 14.76 12.55 1.36

(1)Means followed by different letters, in the column, in each experimental area belong to different groups by the Scott-Knott clustering test, at 5% probability. 
CV, coefficient of variation.
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The highest lipid contents were found for genotypes 
392/09 and 597/10 and for 'BRS 438' in São Manuel, as 
well as for genotype 597/10 in Ubirajara. These values 
are within the range from 0.1 to 0.3% (wet basis) 
reported by Bayata (2019) for cassava roots. The sugary 
genotypes also presented low levels of protein, within 
the range of 0.52 to 1.16 g 100g-1 obtained for fresh 
cassava roots (Teixeira et al., 2017).

Fiber content varied significantly between the 
genotypes, as also verified by Ceni et al. (2009), who 
found values of 2.2 to 9.5 g 100 g-1 (wet basis) for roots 
from different sweet cassava cultivars. In the ethanol 
production process using starchy raw materials, the 
concentration of the substrate, particularly the fibers 
present in cassava, can impair yield, making it necessary 
to use enzymes, such as cellulose, to increase the 
efficiency of mass and heat transfer (Zhu et al., 2012).

The sugar content of genotypes is an important 
selection criterion because lower levels can result 
in a lower ethanol production efficiency (Alzate 

et al., 2024). Reducing sugars accounted for a high 
percentage of total sugars for all evaluated cassava 
genotypes, which agrees with the results obtained by 
Souza et al. (2013). These authors observed contents, 
on a wet basis, of 3.92 to 5.84 g 100 g-1 total sugars and 
of 3.71 to 4.67 g 100 g-1 reducing sugars, with the latter 
accounting for 80 to 94.6% of total sugars.

A differentiating characteristic of sugary cassava 
genotypes is the low level of starch in storage roots 
(Vieira et al., 2008, 2018, 2023; Teixeira et al., 2017). 
In the present study, the average starch content was 
14.22 g 100 g-1, being the highest for the genotypes 
derived from the crossing between the Castanhal 
sugary cultivar and the IAC 576-70 cultivar (genotypes 
392/09 and 597/10, respectively) in the two growing 
areas (Tables 3 and 4). Since starch is converted to 
glucose in the production of ethanol from starchy 
raw materials (Murthy et al., 2011), sugary cassava 
genotypes with higher starch contents contribute to 
higher yields at the end of the process.

Table 4. Chemical composition and ethanol yield of the storage roots of sugary cassava (Manihot esculenta) genotypes 
grown in the municipalities of São Manuel and Ubirajara, in the state of São Paulo, Brazil(1).

Genotype Chemical composition (g 100 g-1 on a wet basis) Ethanol yield 
(1,000 L ha-1 per year)Moisture Ash Lipids Protein Fiber Total sugars Reducing sugars Starch

São Manuel
Genotype 999/12 76.75b 0.13c 0.09b 0.63b 4.99b 3.43a 2.75a 13.78c 2.04e
Genotype 1380/10 81.00a 0.06d 0.10b 0.55c 2.26c 3.35b 2.71b 12.60d 3.97c
Genotype 1378/10 76.80b 0.10c 0.11b 0.63b 5.26b 3.40a 2.76a 13.63c 2.88d
Genotype 706/10 77.50b 0.04d 0.09b 0.65b 2.80c 3.27b 2.77a 15.12b 5.15b
Genotype 392/09 74.50c 0.34a 0.13a 0.78a 5.31b 3.07c 2.68b 16.17b 2.89d
Genotype 597/10 70.02c 0.25b 0.14a 0.53c 6.42a 2.99c 2.76a 19.59a 5.25b
Genotype 1096/12 81.75a 0.21b 0.08b 0.65b 2.59c 3.50a 2.66b 11.65d 3.02d
'BRS 438' 82.25a 0.11c 0.14a 0.51c 1.68d 3.40a 2.71b 11.95d 6.58a
Average 77.57 0.16 0.11 0.61 3.91 3.30 2.73 14.06 3.97
CV (%) 1.41 20.58 17.36 7.62 7.62 1.72 1.45 4.50 4.19

Ubirajara
Genotype 999/12 79.35b 0.31b 0.09d 0.45b 3.56c 2.83c 2.67b 12.74c 1.97e
Genotype 1380/10 80.13a 0.34b 0.17c 0.42b 2.77d 2.83c 2.68b 13.39c 3.52c
Genotype 1378/10 75.21b 0.44a 0.27b 0.59a 4.52a 2.89a 2.74a 15.81b 2.67d
Genotype 706/10 76.41b 0.33b 0.15c 0.52a 5.88a 2.85b 2.70a 13.86c 4.08c
Genotype 392/09 73.19c 0.42a 0.10d 0.41b 4.13b 2.82c 2.73a 18.97a 3.79c
Genotype 597/10 72.24c 0.46a 0.35a 0.49b 2.99d 2.80c 2.76a 20.19a 6.22a
Genotype 1096/12 81.73a 0.34b 0.16c 0.48b 2.69d 2.93a 2.65b 11.03d 3.93c
'BRS 438' 82.44a 0.33b 0.07d 0.56a 2.84d 2.73d 2.65b 10.18d 5.76b
Average 77.59 0.37 0.17 0.49 3.67 2.83 2.70 14.39 3.99
CV (%) 2.07 9.51 20.41 9.02 9.84 1.10 1.12 7.49 6.22

(1)Means followed by different letters, in the column, in each experimental area belong to different groups by the Scott-Knott clustering test, at 5% 
probability. CV, coefficient of variation.
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The data analysis showed different theoretical 
ethanol production yields for the genotypes in each 
experimental area, with values ranging from 2,040 to 
6,580 L ha-1 per year in the field in São Manuel and from 
1,970 to 6,220 L ha-1 per year in the field in Ubirajara. 
The BRS 438 cultivar stood out for this parameter due to 
its high root yield. However, because of their production 
characteristics and root chemical composition, 
genotypes 706/10 and 597/10 are considered as potential 

raw materials to produce ethanol. The estimated ethanol 
yields calculated in the present work are close to that of 
4,100 L ha-1 per year reported in other studies, based on 
25 tons of fresh roots per hectare and a conversion factor 
of 6.0 kg of fresh roots to 1.0 L of ethanol (Zhu et al., 
2023; Alzate et al., 2024).

In the principal component analysis (PCA) graphs 
(Figure 2), a positive or negative correlation was 
observed for some parameters, which contributed the 

Figure 2. Biplot principal component graphs (A and B) and cluster dendrograms (C and D) of sugary cassava (Manihot esculenta) 
genotypes grown in the respective fields in the municipalities of São Manuel and Ubirajara, in the state of São Paulo, Brazil. NRP, 
number of roots per plant; WR, weight of storage roots; SG, specific gravity; and DMR, dry matter of storage roots.



Pesq. agropec. bras., Brasília, v.60, e04030, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.04030

Selection of sugary cassava genotypes for ethanol production 9 of 11

most to differentiating the genotypes. The correlation 
analysis showed that the yield of the sugary cassava 
genotypes in the two growing areas was positively 
correlated with number of roots per plant and average 
root weight, but negatively correlated with specific 
gravity, dry matter, and starch content in storage roots. 
These correlations are consistent with the findings in 
the literature that show that sugary cassava produces 
high root yields and low dry matter and starch contents 
(Fernandes et al., 2021; Vieira et al., 2023). Since 
specific gravity is directly related to the dry matter 
content of storage roots (Maraphum et al., 2021), the 
lower accumulation of dry matter in the roots of sugary 
cassava result in lower specific gravities.

The PCA graph for São Manuel showed that 
the first and second main components (PC1 and 
PC2, respectively) represented 45.75 and 26.67% of 
variation, with an accumulated variation of 72.42%. 
The parameters that contributed to differentiating 
genotypes 597/10 and 706/10 were number of roots 
per plant and contents of dry matter, starch, reducing 
sugars, and lipids in storage roots. Genotype 597/10 
showed a higher dissimilarity to the BRS 438 cultivar, 
forming isolated clusters, while the other genotypes 
showed a lower dissimilarity (Figure 2).

The PCA graph for Ubirajara revealed that PC1 
and PC2 represented 51.41 and 23.56% of variation, 
respectively, with an accumulated variation of 74.97%. 
In this location, 'BRS 438' and genotype 597/10 were 
separated mainly by the yield aspects of the cultivar 
and by the dry matter, starch, and sugar accumulation 
of the genotype. Differently from the crop in São 
Manuel, the cluster separation method showed two 
distinct groups: genotypes 1378/10, 392/09, and 706/10 
clustered together with genotypes 597/10 and 1096/12; 
and genotypes 999/12 and 1380/10 with cultivar 
BRS 438. Therefore, the genotypes grouped together 
with genotype 597/10 can be evaluated in future 
studies for exploitation as raw materials for ethanol 
production.

Conclusions

1. The average yield of the evaluated sugary cassava 
(Manihot esculenta) genotypes exceeds 30 Mg ha-1.

2. Genotypes 392/09 and 597/10 stand out for their 
higher dry matter content.

3. Considering productivity and ethanol yield 
potential, the 597/10 genotype is highlighted as a 
potential raw material for the cassava ethanol and 
alcoholic beverage industries.
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