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Abstract

Objective: To evaluate a group of agrobotanical variables in hybrid Saccharum spp. cultivars for sugar and forage
production.
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Materials and Methods: An experiment in a randomized block design with three replications was established at
the Holguin Sugarcane Research Institute. Six cultivars and a control (My5514) were used. Thirteen agrobotanical
variables and phytosanitary performance under natural conditions were evaluated. Variance analysis and multiple
comparison of means test (Tukey) were performed when there were significant differences between cultivars.

Results: All cultivars maintained the same performance pattern for the variables pol percentage and fiber content.
Cultivars B7274 and C86-12 significantly outperformed the control in the agricultural and sugar yield variables with
values higher than 123 and 22,5; respectively. The best results in stem length and diameter were obtained in C86-156,
SP70-1284 and C86-12, with no significant differences with the control. In the variable stem fresh weight, most of the
cultivars significantly outperformed the control. Cultivar B7274 (19,5 %) achieved the best values for fresh weight of
the top, although in general all cultivars had similar results to the control.

Conclusions: The cultivars showed performance similar to the control in most of the agrobotanical studied variables.

B80250 and C323-68 stood out.
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Introduction

The potential of hybrid Saccharum spp. as forage
for feeding cattle and sheep in the tropics is supported
by its advantages over other crops, including its high
biomass production, wide range of agroecological
adaptation, resistance to prolonged droughts, and
maintenance of its nutritional value for considerable
periods (Salazar-Ortiz et al., 2018). It is the crop that
produces the highest quantity of biomass per hectare,
with a geographical plasticity that makes it grow in
104 countries in different continents (FAOSTAT,
2019). Saccharum spp. hybrid is a versatile crop and
one of the most efficient converters of solar energy
into dry matter (Mishra, 2019).

Regarding animal feeding, the nutritive value
of hybrid Saccharum spp. should not be considered
as an isolated factor, but as a complex formed by the
chemical composition and secondary constituents,
which together can interfere with the intake and use
of the forage consumed by ruminants, as well as in
other factors: age, plant parts and, mainly, variety
(Alves et al., 2019).
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Hybrid Saccharum spp. has the advantage of
being perennial, adaptable to almost any soil, resis-
tant to pests, does not cause erosion and needs few
inputs of fossil origin (Bastidas et al., 2012; Bezerra
et al., 2017; Reis et al., 2019).

It is a crop that produces biomass in the dry
season of the year, when all pastures and forages
decrease their production, is resistant to drought and
provides important environmental services through
the incorporation of organic matter from its residues
into the soil (Partelli et al., 2018). In the dry season,
it represents a viable alternative to solve forage
shortages (Medina-Garcia, 2019). In addition to this,
it is compatible with practices and techniques that can
double the income per hectare of planted sugarcane
in a few years (Singh et al., 2019). These possibilities
make hybrid Saccharum spp. forage an option to face
livestock feeding (Martin-Méndez, 2021).

Although in recent years in Cuba there has
been little research related to the use of hybrid
Saccharum spp. as animal feedstuff, studies show
that if it is conveniently supplemented it can sustain
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good weight gains and milk productions (Molavian
et al., 2020; Reyes et al., 2020; Brétas et al., 2021).

The selection of Saccharum spp. cultivars
for forage purposes requires a characterization
of the agronomic response, nutritive value and
consumption of the materials (Lopez et al., 2004).
Therefore, this work was carried out with the
objective of evaluating a group of agrobotanical
variables in hybrid Saccharum spp. cultivars for
sugar and forage production.

Materials and Methods

Location. The experiment was planted in an
experimental block of the Sugarcane Research
Institute of Holguin, located at coordinates latitude
20° 4070959 and longitude 75° 46°13”°85.

Edaphoclimatic characteristics. The soil where the
study was developed is classified as a gleyic chromic
vertisol in terms of depth (Hernandez-Jiménez et al.,
2015). The experiment was conducted under rainfed
conditions. During the research period, rainfall was
1 675,9 mm and the average temperature was 25,3 °C,
edaphoclimatic characteristics similar to those present
in the animal husbandry areas of the province.

Experimental design and treatments. A ran-
domized block design with three replications was
used, with plots of four 7,5-m furrows per variety
(48 m?). Six hybrid Saccharum spp. cultivars used
in sugar production areas (C86-12, B7274, B80250,
(C323-68, SP70-1284 and C86-156) were used as
treatments. The cultivar My5514 was used as con-
trol, which has shown a dry matter digestibility of
more than 50 % and other traits suitable for use as
animal feedstuff. Jorge et al. (2002) used that culti-
var as control in a study with 26 hybrid Saccharum
spp. cultivars to evaluate forage traits. Gonzalez
(2019) points out that it is the variety recommended
as a forage variety that has been exploited for the
longest time.

The experiment was conducted and evaluated as
stipulated in the rules and procedures of the sugar-
cane breeding program in Cuba (Jorge et al., 2011).

Measurements. The evaluations were carried out
on the vine plant at 15 months of age. The evaluated
variables were percent pol (PPC), agricultural yield
(TCH), tons of pol per hectare (TPH), fiber content
(CF), percent fresh weight of stem (PFT), percent
fresh weight of top (PFC), percent fresh weight of
dry leaves (PFS), growth habit (HCR), presence of
thorns (ESP), number of active leaves (HAC), stem
length (LTA) and stem diameter (DTA). The leaf/
stem ratio (H: T) was also evaluated by the weight

of the leaf portion of the plants with regards to the
weight of their stems (Bastidas et al., 2012). The
phytosanitary performance of the cultivars under
natural conditions was observed.

Statistical analysis. Assumptions were tested
and variance analysis was performed. Tukey’s test
for multiple comparison of means was applied when
differences were significant. The Statistica package
was used for statistical data analysis.

Results and Discussion

The results of the analysis of variance for the
PPC variable, which represents sugar content, and
for the CF variable, showed that there were no
significant differences among the cultivars under
study, so that they all maintained the same perfor-
mance pattern for both variables.

It was favorable that the cultivars had fiber
content similar to the control and even numerically
lower values (table 1). In studies carried out by Jorge
et al. (2002), the fiber percentage had an inverse
relationship with the forage indicator (dry matter
digestibility percentage), so it should be taken into
account that in the case of the fiber content variable,
the best cultivars were those that showed the lowest
values (B7274, B80250, C323-68 and C86-156).

Table 1. Average values reached by the cultivars of
Saccharum spp. hybrid in the PPC and CF

variables.
Cultivar Mean PPC Mean CF
Control-My5514 16,82 14,37
B80250 17,32 14,00
C323-68 17,57 14,23
B7274 16,68 13,43
C86-12 18,30 14,53
SP70-1284 16,13 14,33
C86-156 17,88 14,23

The variables TCH and TPH, representing agri-
cultural yield and sugar, respectively, and the vari-
ables stem length, number of active leaves and stem
diameter, showed significant differences among
cultivars for p <0.05 (Table 2). Cultivars B7274 and
C86-12 significantly outperformed the control in
the variables TCH and TPH. The best results in the
variables stem length and diameter were obtained
by cultivars C86-156, SP70-1284 and C86-12, with
no significant differences with the control My5514.
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Table 2. Comparison of cultivar means for the variables TCH, TPH, LTA, HAC and DTA.

Cultivar TCH TPH LTA HAC DTA
Control-My5514 104,1° 17,5¢ 269,2° 12,1 2,8®
B80250 94,84 16,4¢ 251,7¢ 8,90 2,75
(C323-68 103,8¢ 18,20 253,2¢ 9,8 2,34
B7274 140,6 23.4* 256,7" 8.,4¢ 2,4¢
C86-12 123,1° 22,5%® 260,7%° 9,9 3,0
SP70-1284 93,3¢ 15, 1¢ 266,8% 8,7 2,9%
C86-156 90,1° 16,1¢ 268,5° 9,2 2,7°
P - value 0,000 0,000 0,000 0,000 0,000
SE + 3,807 0,728 1,091 0,122 0,027

TCH: agricultural yield, TPH: tons of pol per hectare, LTA: stem length, HAC: active leaves and

DTA: stem diameter.

The highest number of active leaves was shown
by the control, which significantly outperformed
the other cultivars. However, cultivars C86-12 and
(C323-68 showed the closest values to the control in
this variable, with an average of nine active leaves.
This is favorable, since according to Jorge et al.
(2002) there is a direct relationship between the
number of active leaves and the percentage of dry
matter digestibility. The number of active leaves of
all cultivars varied between 9 and 13, which coin-
cides with reports by Amaya-Estévez et al. (1995),
who stated that the total number of functional
leaves expanded per stem normally fluctuates be-
tween 6 and 13.

The analysis of the variables fresh weight per-
centage of stem, top and dry leaves (phenological
composition) and leaf: stem ratio indicated sig-

nificant differences among cultivars for all the
above-mentioned variables.

The comparison among cultivars showed that,
for the variable PFT, most of them significantly
outperformed the control (table 3). The PFC was
in a range between 12,58 and 19,48, similar to
that reported by Fernandez-Gélvez et al. (2019).
Cultivar B7274 achieved the best values for this
variable, although in general all cultivars had
results similar to the control. This is an indicator to
take into account, because according to Fernandez-
Galvez et al. (2021) any plant intended for forage
in animal feeding must produce high volumes
of biomass. Duarte-Alvarez and Gonzalez-
Villalba (2019) expressed that sugarcane has high
nutritional requirements, due to its high biomass
production capacity. The highest values of the

Table 3. Variables of phenological composition and leaf: stem ratio of

cultivars.
Cultivar % PFT % PFC % PFS H:T
My5514 69,3¢ 17,9% 12,8 0,3
B7274 73,9 19,5° 6,6 0,3
B80250 77.0% 13,7 9,4 0,2
C86-156 78.,4® 13,2° 8,4b¢ 0,2°
SP70-1284 79,7 12,6° 7,7% 0,2°
C86-12 79,8® 16,5 4,2¢ 0,2
C323-68 80,7 14,1 5,4 0,2¢®
P - value 0,000 0,012 0,000 0,004
SE + 0,950 0,674 0,646 0,011

% PFT: percentage of fresh weight of stem, % PFC: percentage of fresh weight

of top, % PFS: percentage of fresh weight of dry leaves, and H:T: leaf - stem ratio.
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variable percentage of fresh weight of dry leaves
were shown by the control My5514, without
significant differences with the cultivar B80250,
and significantly surpassed the rest of the cultivars
under study, which were between 4,17 and 8,37 %.
Similar results were reported by Fernandez-Gélvez
et al. (2021).

Fernandez-Galvez et al. (2019) reported that
the percentage in weight represented by the straw
fraction depends, to a large extent, on the plant’s
capacity for self-clearing. That is, the senescent
leaves detach easily from the stem in a natural way.

The results of the multiple comparison of means
for the variable leaf: stem ratio (table 3) showed that
the best values corresponded to cultivars B7274,
B80250, C86-12 and C323-68, with no significant
differences with the control. In general, the values
of this variable were low, due to the fact that the
evaluation age was 15 months. Ruiz-Silvera et al.
(2009) in a study conducted with hybrid Saccharum
spp. for fodder use obtained that the leaf: stem ratio
was higher when the crop was harvested at a younger
age. These authors suggest that this variable is of
great importance for the use of the crop for forage
purposes, since it facilitates manual harvesting and
contributes to a higher presence of the digestible
fraction for the animal; it is preferable that the leaf:
stem ratio be equal to or higher than 1. Lagos-Bur-
bano and Castro-Rincon (2019) suggested that it is
convenient that the varieties of hybrid Saccharum
spp. for forage have a morphological composition
that is characterized by the highest possible propor-
tion of leaves and top with regards to the stem.

Regarding growth, cultivars C86-12, B7274,
B80250 and C86-156 showed an erect growth habit,
a characteristic that should be taken into account
when evaluating hybrid Saccharum spp. cultivars
for forage purposes. Studies developed by Martinez
(1998), at the Pastures and Forages Station of
Sancti Spiritus, suggest that the sugarcane destined
for forage and its association with grasses should
preferably be erect. Cultivars SP70-1284 and C323-
68 showed oblique growth habit, similar to that
shown by the control.

The results of the phytopathological
evaluations of the main diseases affecting the crop
(brown rust, smut and sugarcane mosaic virus)
under natural conditions showed that most of the
genotypes under study showed multiple resistance
to the aforementioned diseases. Only cultivars
B80250 and C323-68 showed symptoms of brown

rust and smut. This result was expected, since
these cultivars showed degree of susceptibility
to these diseases in the background infection and
artificial inoculation trials. This is reported in
their data sheets. However, the symptoms present
during the evaluated period did not notably
affect the development of the crop, which can be
observed when analyzing their performance in
the other evaluated variables. Nevertheless, these
phytopathological results should be taken into
account at the time of commercial production
of these cultivars, and proper management and
phytosanitary surveillance should be carried out.

Regarding the variable quantity of thorns
present in the top, most of the cultivars had no
thorns, only C86-12 and My5514 showed some (less
than 60 % of the top covered by thorns).

Conclusions

All the cultivars under study showed perfor-
mance similar to the control in most of the agrobo-
tanical variables. B80250 and C323-68 stood out.

It is recommended to continue studies with
these cultivars to determine digestibility percent-
age, green biomass productivity and regrowth
capacity at different cutting ages, for their use in
animal feeding.

Acknowledgments

The authors thank the Sugarcane Research In-
stitute (INICA, for its initials in Spanish) of Hol-
guin and the research project “Characterization and
production of categorized seed of sugarcane variet-
ies for animal feeding”. Also, the group of research-
ers who made it possible to obtain these results.

Conflict of interests

The authors declare that there is no conflict of
interests among them.

Authors’ contribution

* Yulexi Mendoza-Batista. Research design and
set-up, data processing, experimental evalua-
tions and paper writing.

* Reider Argota-Campo. Design and set-up of the
research and taking of field measurements.

* Rubisel Cruz-Sarmiento. Advice and editing of
the paper.

* Oscar Suarez-Benitez. Research advice and de-
sign.

e Arian Céspedes-Zayas. Research set-up, data
processing and experiment evaluations.

* Yoandris Vaillant-Céceres. Research set-up and
experimental evaluations.



Bibliographical references

Alves, A. da S.; Shigaki, F.; Silva, T. F.; Siqueira,
Elane T. de J.; Veras, Ludhana M.; Costa, Ga-
briella da R. ef al. Sugarcane varieties for animal
feeding in the pre-Amazon region of Brazil. J.
Agric. Sci. 11 (17):309-318, 2019. DOI: https://
doi.org/10.5539/jas.v11n17p309.

Amaya-Estévez, A.; Cock, J. H.; Hernandez, Ana del
P. & Irvine, J. Biologia. En: C. Cassalett-Davila
et al., eds. El cultivo de la cania en la zona azu-
carera de Colombia. 3 ed. Cali, Colombia: CE-
NICANA. p. 31-62. https://www.cenicana.org/
pdf privado/documentos no_seriados/libro_el
cultivo_cana/libro_p3-394.pdf, 1995.

Bastidas, L.; Rea, R.; Vieira, O. de S.; Hernandez, E.
& Bricefio, Rosaura. Analisis de variables agro-
némicas en cultivares de cafla de azucar con fi-
nes azucareros, paneleros y forrajeros. Bioagro.
24 (2):135-142, http://ve.scielo.org/scielo.php?scrip-
t=sci_arttext&pid=S1316-33612012000200008&I-
ng=es&tlng=es, 2012.

Bezerra, Janieire D. C.; Ferreira, Geane D. G.; Cam-
pos, J. M. de S.; Oliveira, M. W. de; Andrade, A.
P. de & Nascimento Jr, J. R. S. do. Biometric and
chemical characteristics of sugarcane varieties
for use as forage in limiting soil water conditions.
R. Bras. Zootec.46(5):384-392,2017. DOI: https://
doi.org/10.1590/S1806-92902017000500003.

Brétas, Anilce de A.; Slachtar, Monique M.; Araujo,
Jaqueline V.; Zanin, G. D. i; Branco, Patricia de
A. C. & Silva, A. C. da. Avaliagdo da qualida-
de do leite de vacas lactantes alimentadas com
composto de cana-de-actcar hidrolisada. Braz.
J. Develop. 7 (2):20071-20076, 2021. DOI: ht-
tps://doi.org/10.34117/bjdv7n2-581.

Duarte-Alvarez, O. J. & Gonzalez-Villalba, J. D. Guia
técnica cultivo de caria de azucar. San Lorenzo,
Paraguay: Facultad de Ciencias Agrarias, Uni-
versidad Nacional de Asuncion. https:/www.
jica.go.jp/Resource/paraguay/espanol/office/
others/c8h0vm0000adSgke-att/gt 01.pdf, 2019.

FAOSTAT. Produccion/rendimiento de azucar, cana
en mundo. Roma: FAO. http://www.fao.org/faos-
tat/es/#data/QC/visualize, 2019.

Fernandez-Galvez, Y.; Pedraza-Olivera, R. M.
Hermida-Banos, Y.; Torres-Varela, Isabel C.;
Montalvan-Delgado, J. & Sufet-Zayas-Bazan,
M. A. Produccién de biomasa verde de cul-
tivares de cafa de azucar seleccionados para
forraje. Rev. Prod. Anim. 33 (1):1-11, http://
scielo.sld.cu/scielo.php?script=sci_arttext&pi-
d=S2224-79202021000100049, 2021.

Fernandez-Galvez, Y.; Torres-Varela, Isabel C.;
Montalvan-Delgado, J.; Hermida-Bafios, Y.;
Montes-Alvarez, D.; Rivera-Laffertte, A. L. &
Fernandez-Caraballo, Y. Caracterizacion fenold-

Pastos y Forrajes, Vol. 46, 2023
Evaluation of agrobotanical variables in Saccharum spp. cultivars

gica y produccion de biomasa de 12 variedades
de cafia de azucar para la alimentaciéon bovina.
Agrisost. 25 (3):1-7, https://revistas.reduc.edu.cu/
index.php/agrisost/index, 2019.

Gonzalez, R. M. Variedades de caiia de aziicar culti-
vadas en Cuba. Cronologia, legislacion, meto-
dologias y conceptos relacionados. La Habana:
ICIDCA, 2019.

Hernandez-Jiménez, A.; Pérez-Jiménez, J. M,
Bosch-Infante, D. & Castro-Speck, N. Clasifi-
cacion de los suelos de Cuba 2015. Mayabeque,
Cuba: Instituto Nacional de Ciencias Agricolas,
Instituto de Suelos, Ediciones INCA, 2015.

Jorge, H.; Jorge, Ibis; Mesa, J. M. & Bernal, N.
Normas y procedimientos del Programa de
fitomejoramiento de la caiia de aziicar en Cuba.
Publinica. La Habana: INICA, 2011.

Jorge, H.; Suarez, O.; Garcia, H.; Santana, I. & Jorge,
Ibis. Variedades de cafia de azucar para el ganado
vacuno. 48 Congreso de la ATAC. La Habana:
Asociacion de Técnicos Azucareros, 2002.

Lagos-Burbano, Elizabeth & Castro-Rincén, E. Cafia
de aztcar y subproductos de la agroindustria
azucarera en la alimentacién de rumiantes.
Agron. Mesoam. 30 (3):917-934, 2019. DOI:
https://doi.org/10.15517/am.v30i3.34668.

Lopez, Y.; Ramirez, J. L.; Nieves, Kirenia & Fon-
seca, P. L. Valor nutritivo de variedades de
cafa de azUcar para forraje. Pastos y Forrajes.
27 (3):273-278, https://payfo.ihatuey.cu/index.php?-
journal=pasto&page=article&op=download &-
path[]=781&path[]=283, 2004.

Martin-Méndez, P. C. Forraje de cafia de azlicar en
la alimentacion de bovinos: pasado, presente y
futuro. Una revision. RECA. 5 (1):76-92, http://
www.revistaecuatorianadecienciaanimal.com/
index.php/RECA /article/view/261, 2021.

Martinez, H. Mejora de la calidad de la cafia para la
alimentacion animal con el empleo de legumi-
nosas asociadas. En: Manual AGRORED para la
ganaderia. La Habana: ICA, MINAGRI, 1998.

Medina-Garcia, A. Saccharum officinarum L.
Canla de azucar. México: Facultad de Ciencias
Agricolas, Universidad Auténoma del Estado de
México, 2019.

Mishra, Kabita. Evaluation of bud chip method for
enhancing yield and economics of sugarcane.
Int. J. Chem. Stud. 7 (3):1726-1729. https:/www.
chemijournal.com/archives/2019/vol7issue3/
PartAC/7-2-447-876.pdf, 2019.

Molavian, M.; Ghorbani, G. R.; Rafiee, H. & Beau-
chemin, K. A. Substitution of wheat straw with
sugarcane bagasse in low-forage diets fed to
mid-lactation dairy cows: Milk production,
digestibility, and chewing behavior. J. Dairy
Sci.  103:8034-8047, 2020. DOI: https://doi.

org/10.3168/jds.2020-18499.



Pastos y Forrajes, Vol. 46, 2023
Yulexi Mendoza-Batista

Partelli, F. L.; Evangelista, C. R.; Cavalcanti, A. C.
& Gontijo, I. Propiedades de la fertilidad de un
suelo cafiero bajo diferentes tipos de gestion
organica y convencional. Cultivos Tropicales.
39 (4):13-20, https://www.redalyc.org/articulo.
0a?id=193260659002, 2018.

Reis, R. H. P. dos; Abreu, J. G. de; Almeida, R. G. de;
Cabral, L. da S.; Barros, Livia V. de; Cabral, C.
E. A. et al. Agronomic characteristics, chemical
composition and in vitro gas production of sugar-
cane cultivars (Saccharum spp.) for feeding ru-
minants. J. Exp. Agric. Int. 35 (1):1-8, 2019. DOI:
https://doi.org/10.9734/JEA1/2019/v351130194.

Reyes, J. J.; Torres, Verena; March, J. M. & Hernandez,
Y. Analysis of factors influencing productivity of
two dairy farms in Sancti Spiritus, Cuba. Cuban
J. Agric. Sci. 54 (4):503-513, http://scielo.sld.cu/
scielo.php?pid=S2079-34802020000400503 &s-
cript=sci_abstract&tlng=en, 2020.

Ruiz-Silvera, C.; Urdaneta, July; Borges, J. & Ver-
de, O. Respuesta agronémica de cultivares de

cafia de azlcar con potencial forrajero a dife-
rentes intervalos de corte en Yaracuy, Vene-
zuela. Zootecnia Trop. 27 (2):143-150, http:/
ve.scielo.org/scielo.php?script=sci_arttext&pi-
d=S0798-72692009000200005&Ing=es&tln-
g=es, 20009.

Salazar-Ortiz, J.; Trejo-Téllez, L. I.; Valdez-Balero,
A.; Senties-Herrera, H. E.; Rosas-Rodriguez,
M.; Gallegos-Sanchez, J. et al. Cana de azlcar
(Saccharum spp.) en la alimentacion de rumian-
tes. Experiencias generadas con cafias forrajeras.
Agro Productividad. 10 (11):70-75, https://revis-
ta-agroproductividad.org/index.php/agropro-
ductividad/article/view/62, 2018.

Singh, Priyanka; Singh, S. N.; Tiwari, A. K.; Pathak, S.
K.; Singh, A. K.; Srivastava, Sangeeta & Mohan,
N. Integration of sugarcane production techno-
logies for enhanced cane and sugar productivity
targeting to increase farmers’ income: strategies
and prospects. 3 Biotech. 9 (2):48, 2019. DOI:
https://doi.org/10.1007/s13205-019-1568-0.



