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Abstract

Objective: To evaluate the agroproductive characteristics of two varieties of Manihot esculenta Crantz for their inclu-
sion as animal feedstuff in Matanzas province, Cuba.

Materials and Methods: A study was conducted in areas of the Pastures and Forages Research Station Indio Hatuey.
Two M. esculenta varieties (INIVIT Y-93-4 and Sefiorita) were evaluated. A randomized block design was used with
three replicas. The height, number of total roots, commercial and non-commercial and number of absorbent hairs
per plant, were measured. The comparison was made through sample inference for two independent samples, from a
Student’s t-test, with significance level of p < 0,05. In addition, correlations and regressions were made to know the
interrelation between the variable height and the planting days.

Results: No significant differences were found for the variable height between the two varieties (154,4 and 141,8 cm
for Sefiorita and INIVIT Y-93-4, respectively). However, statistical differences were noted in root length and weight
(p <0,001). The variety INIVIT Y-93-4 showed the highest root number and weight. Meanwhile, no differences were
found in root diameter (0,38 and 0,39 mm for Sefiorita and INIVIT Y-93-4, respectively). Both varieties had yields
over 15 t ha', the variety Sefiorita standing out with 23 t ha™'.

Conclusions: The two varieties were developed and produced under the edaphoclimatic and management conditions
conceived for this study. Nevertheless, the variety Sefiorita showed better performance than INIVIT Y-93-4 in most

of the morphoagronomic variables.
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Introduction

Tropical systems for ruminants utilize pastures
and forages as feed source. However, their nutri-
tional quality varies depending on the climate con-
ditions, situation that generates dry matter deficit
during the dry season, which affects the intake and
productive performance of the animals.

Due to its high yield in the tropic (16 000 kg/ha),
Manihot esculenta Crantz is a viable alternative in
animal feeding (Hermida, 2015). It is considered an
energy source with high content of vitamins, min-
erals and fiber (Herrera et al., 2019).

This is a tropical plant efficient in the trans-
formation of solar energy. It is cultivated in Latin
America, Africa and Asia and is among the ten main
crops in the world, with approximately 277 million
tons annually produced (FAOSTAT, 2016). In the
America region, if compared with other roots and
tubers, M. esculenta shows the highest growth rate
of annual consumption (1,9 %) and, in terms of forage
production, it contributes 0,95 % (Santos et al., 2019).
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At present, M. esculenta is used for feeding
cattle (Arce, 2015), poultry (Connolly-Juarez, 2017,
Herrera et al., 2019) and pigs (Lezcano-Perdigon
et al., 2014), with encouraging results in the pro-
ductive performance of the animals.

According to Milian et al. (2000), the collec-
tion of M. esculenta is preserved in Cuba, at the
Research Institute on Tropical Food Crops of Villa
Clara. It constitutes the third germplasm bank of
America, with 440 accessions. Most of them are
autochthonous, with high phenotypic variability.
From them, 60,6 % has tasty roots; 90,8 % has low
fiber content and 60,9 % has soft to moderately hard
pulp.

The introduction of new clones and technol-
ogies has allowed the extension of more soil- and
input-demanding production forms, in order to in-
crease the production of M. esculenta for human
and animal consumption. Although this crop has
diversity of clones, very often their productive po-
tentialities are unknown. From these conditions,
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the objective of this study was to evaluate the agro-
productive characteristics of two M. esculenta va-
rieties in Matanzas province for their inclusion as
feedstuff.

Materials and Methods

Location. The study was conducted in areas of
the Pastures and Forages Research Station Indio
Hatuey. This facility is located between 22° 48 7”
North latitude and 81° 2° West longitude, at 19,01
masl., in the Perico municipality, Matanzas province,
Cuba.

Climate and soil. The rainfall and temperature
data were taken from the Meteorological Station
located in areas of the institution (table 1). The re-
corded values are within the normal ranges of these
variables for the months in which the research was
conducted. The study was carried out on a ferralitic
red soil (Hernandez-Jiménez et al., 2015).

Treatments and experimental design. Two
M. esculenta varieties were evaluated: INIVIT
Y-93-4 and Senorita, from the Research Institute
of Tropical Food Crops (INIVIT, for its initials in
Spanish) of Santo Domingo, Villa Clara province.
For setting up the experiment a randomized block
design was used, with three replicas.

Both varieties were planted in January, 2018.
The duration depended on the variety: for Seforita
it was 12 months because it has long cycle; while for
INIVIT Y-93-4 it was 8 months (short cycle).

Experimental procedure. Planting was manual.
Stakes that were 15 cm long and had approximately

five buds were placed horizontally at the center of
the row. Seven 10-m long rows were used, with a
0,90 x 1,00 m planting frame. The size of each ex-
perimental plot was 70 m?. Neither irrigation nor
fertilization was used.

Morphoagronomic and yield measurements.
One month after the stakes were planted, plant
height was measured from the stem basis to the
bud. The measurement was done in centimeters,
with the aid of a metric tape. It was carried out ev-
ery month, on seven plants per replica, randomly
selected and identified with a previously numbered
zinc tag.

The determination of the number of total roots
per plant, number of commercial roots per plant,
number of non-commercial roots and absorbent
hairs per plant, was carried out by counting the total
number of roots. Afterwards, the commercial roots
were separated from the non-commercial ones.
Those that were more than 20 cm long and weighed
more than 220 g were considered commercial. The
length of the tuberous root was measured with a
graduated ruler in all the evaluated plants in each
replica, and it was averaged later.

The diameter of the tuberous roots was mea-
sured seven times per replica in the central part of
the root, and for this a caliper was used.

At the harvest moment, the average weight of
the commercial root was measured, for which 15
commercial roots (five per replica) were randomly
selected and individually weighed. In addition, the ag-
ricultural yield was determined, which was calculated

Table 1. Climate conditions during the experimental stage.

Month/year Temperature, °C Rainfall, mm
January, 2018 20,5 19,3
February 22,8 11,8
March 21,5 3,0
April 244 123,8
May 24,8 668,1
June 26,5 183.,2
July 27,1 141,4
August 26,4 262.,6
September 26,3 134,4
October 254 97,1
November 23,9 5,9
December 22,4 38,0
January, 2019 20,0 59,8

Source: Indio Hatuey Meteorological Station (2019)
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from the yield of two 6-m? areas in each replica and
it was estimated for one hectare. In the case of the
variety Sefiorita, the harvest was carried out in Jan-
uary, 2019, and for INIVIT-Y-93-4, in September,
2018.

Statistical analysis. The data were processed
through the statistical package SPSS®, version 22.0
for Windows. The comparison was done through
sample inference for two independent samples,
from a Student’s t-test, with significance level of p
< 0,05. The correlation and regression analysis was
used to know the interrelation between the variable
height and planting days. As rule of selection of the
best fit equation, it was taken into consideration,
among the criteria indicated by Guerra et al. (2003),
that the real and adjusted determination coefficient
(R?) was higher than 0,70. In addition, the signifi-
cance level was considered.

Results and Discussion

Table 2 shows the average height during the
experimental period. No significant differences
were found between the two varieties. This could
have been due to the fact that the two varieties were
managed under similar management conditions
(climate, soil, plantation characteristics, absence
of irrigation and fertilization), and both showed fa-
vorable growth for the prevailing conditions in the
study. These values are lower than those reported
by Pérez (2015), who evaluated the agroproductive
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performance of five clones of M. esculenta (Sefior-
ita, CEMSA 74-6329, INIVIT Y-93-4, CCS El Va-
querito and Sefiora) in the Villa Clara province,
which reached a height of up t0245,7 cm. However,
the results of this study are over the ones referred
by Rodriguez-Cuevas ef al. (2017), who studied va-
rieties that did not exceed 100,0 cm.

The height was similar to the one found by Joao
et al. (2016), when analyzing the varieties Venezu-
elan and M-Tai, which varied between 134 and 187
cm, by being treated with arbuscular mycorrhizae.
When M. esculenta has a height over 1,50 m, the
harvest of the branches becomes easier if it is aimed
at forage production, besides forming a crop with
more uniform crown, which facilitates the work
(Brito et al., 2013).

Figures 1 and 2 show the existing correlation
between height and days in the variety Sefiorita
and INIVIT Y-93-4, respectively. In both varieties,
the height showed an increasing height as the days
after planting passed, physiological process that
should occur when the prevailing conditions favor
crop growth. Plant height is a fundamental morpho-
logical descriptor, related to the expression of the
genotypic trait (Fukuda and Guevara, 1998; Beo-
vides-Garcia et al., 2014). Thus, this is an indicator
of the genetic expression and of the fact that the pre-
vailing conditions were favorable in this study, be-
cause there were no physiological affectations that

Table 2. Average height of the plants.

Indicator Treatments Mean SE+ P-value
) Seforita 1544 4,052 0,52
Height
INIVIT Y-93-4 141,8 5,061
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Figure 1. Adjustment curve of height (cm) with regards to time (days) for each block under study in

the variety Sefiorita.

p < 0,001
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could affect plant growth. This coincides with the
report by Santos ef al. (2019) in a study about the
physiology of this crop.

In the variety Seflorita, the model that ex-
plained with higher goodness of fit this relation was
the third-order polynomic equation with coefficient
R?=0,824*** and adjusted R? = 0,822%**,

In the variety INIVIT Y-93-4, the model that
explained with higher goodness of fit this rela-
tion was the third-order polynomic equation, with
determination coefficient higher than 0,90 (R? =
0,963*** and adjusted R? = 0,962***),

Table 3 shows the morphological indicators of the
roots per variety. Significant statistical differences were
found in root length and weight (p < 0,001). The variety
INIVIT Y-93-4 showed higher root length and weight.
Nevertheless, no significant differences were found in
the root diameter, whose values were 4,38 and 4,39 for
Sefiorita and INIVIT Y-93-4, respectively.

When determining the weight of commercial roots
per plant, the highest values were reached in the clone
INIVIT-Y-93-4, which was statistically higher than
Sefiorita. The values are within the range referred by

Leodn et al. (2013), who characterized 101 clones of cassa-
va from the morphological and agronomic point of view
in the experimental field of the Central University of
Venezuela. These authors referred that the roots showed
weights that varied between 0,3 and 4,66 kg/plant.

These variations in the morphological characteris-
tics of the root (length, diameter and weight) of M. es-
culenta depend on the expression of the genotypes, as
response to the environmental conditions that can
influence the performance of the variables stem and
root diameter and length, branch and stem number
and height (Gabriel et al., 2014). However, in this
study such performance is not ascribed to the cli-
mate conditions, because both varieties were sub-
ject to a similar management regime, as described
above. Thus, the variations in both varieties can be
due, mainly, to the genotypic expression that each
one of them can express.

Table 4 shows the quantity of total, commer-
cial roots and absorbent hairs per variety. The variety
Sefiorita statistically differed in the variables number
of total roots, number of commercial roots (p < 0,001)
and absorbent hairs (p < 0,05).

Table 3. Morphological indicators of the roots.

Indicator Varieties Mean SE+ P - value

Root length, cm Sefiorita 24,9 0,4723 0,000
INIVIT Y-93-4 27,8 0,5035

Root diameter, cm Seflorita 4,39 0,0572 0,889
INIVIT Y-93-4 4,38 0,0505

Root weight, kg Sefiorita 0,33 0,0114 0,000
INIVIT Y-93-4 0,39 0,0121
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Table 4. Quantity of total and commercial roots, and absorbent hairs per variety.

Indicators Varieties Mean SE + P - value

Sefiorita 16,2 0,953

Total roots 0,00
INIVIT Y-93-4 9,8 0,559
Seforita 11,1 0,611

Commercial roots 0,00
INIVIT Y-93-4 6,9 0,516
. ) Seforita 19,1 2,325

Non-commercial roots and absorbent hairs 0,042
INIVIT Y-93-4 13,9 0,843

Shindoi et al. (2018) evaluated the performance
of ten cultivars of M. esculenta, collected by farmers
from Argentina, and found 10-15 total roots and 9-11
commercial roots. These values are similar to those
obtained in this study, except in the commercial
roots of INIVIT Y-93-4, which showed lower results.

Leodn-Pacheco et al. (2019) in two producing
zones of Venezuela carried out the evaluation of 16
genotypes, selecting variables of vegetative type.
These authors reported, in the Aragua and Cojedes
states, values of 10,35 and 7,41 and 2,75 and 4,23
for the number of total and commercial roots, re-
spectively, which are lower than those obtained in
this experiment. However, total root weight showed
higher values (2,0-2,6 kg) than the ones recorded in
this study (0,3 kg).

This performance can be ascribed to the char-
acteristics of the evaluated clones, and coincides
with the statement by Coqueiro (2013), who in-
dicated that the performance of the agronomic
variables depends on the genotype-environment
response. It could be stated then that the conditions
under which this study was conducted could have
favored the production and development expression
in Seflorita. This cultivar has had excellent accep-
tance, not only due to its production potential, but
for its stability and adaptability. This difference in
the above-mentioned variables was also shown in
the yield (fig. 3).

35
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Figure 3 shows the agricultural yield of both
varieties. The variety Seflorita reached higher value
(23 t/ha), and was over the national mean reported
for this crop (19 t/ha), according to reports by Beo-
vides et al. (2013). INIVIT Y-93-4 showed a similar
yield to the national mean.

Beovides et al. (2014) when making a morpho-
logical and agronomic characterization of 50 Cuban
M. esculenta cultivars, from the Cuban collection
of germplasm preserved by the Research Institute
of Tropical Food Crops (INIVIT), and where the
two varieties of this study were included, proved
that the yields can exceed 39 t/ha. The above-cit-
ed authors stated that the varieties CPA Victoria de
Girén, Crema-1 and Sefiora were the ones with the
best performance, with 39,4; 34,0 and 31,7 t/ha, re-
spectively. Yet, FAO (2018) refers that there is great
potential, with new clones, for production increases
to occur under optimum conditions, and that cas-
sava yields can reach 80 t ha', compared with the
current world average of only 11,3 t/ha.

The performance of the two varieties could
have been influenced by rainfall, which was 1 748,4
mm throughout the experimental cycle. According
to Pastrana et al. (2015), to obtain the best yields
and development of this crop, the water availabili-
ty should be, approximately, 1 247 mm during the
crop cycle. This performance could have been also
related to the edaphic conditions and the variety.

=

Sefiorita

INIVIT Y-93-4

Figure 3. Agricultural yield of the varieties.
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The studied clones, for their agronomic perfor-
mance, can be used as food and feed. Nevertheless,
regarding animal feeding, it is important to state
that it is costly to obtain conventional feedstuff
(concentrate feed), and M. esculenta can be part
of alternative feeding, mainly in the feed scarcity
season. For its preservation, it can be conserved as
silage (Miranda-Yuquilema et al., 2018), using the
roots and foliage. It can also be combined with oth-
er raw materials that help obtain a feedstuff with
better nutritional quality for the animals.

The M. esculenta root is a source of energy
and, particularly, of starch. It is rich in carbohy-
drates, has high content of amilopectins and shows
between 3,0 and 5,0 % of total sugars. Its lipid con-
tent is very reduced, just like the content of crude
fiber and other components of the diet fiber (Val-
divié-Navarro et al., 2011; Aranda-Banos, 2019).

In Cuba, the utilization of M. esculenta can
substitute imported cereals for the elaboration of
balanced feedstuffs aimed at animal feeding, with
contribution of carbohydrates in the ration. For
such reason, it constitutes an option for small and
medium farmers.

Conclusions

The two clones were developed and produced
under the edaphoclimatic and management condi-
tions conceived in the study. The variety Seforita
showed better performance than INIVIT Y-93-4 in
most of the morphoagronomic variables. To conduct
ensilability trials of the roots, forages and/or mixed
for their possible use as feed, is recommended.
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