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Response of stored INIAP 650 cassava stems
to the application of biostimulants in Santa
Ana, Manabi.

Respuesta de varetas de yuca del cultivar INIAP 650
almacenadas a la aplicacion de bioestimulantes en el
canton Santa Ana, Manabi
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Abstract: With the objective of evaluating the response of cassava
(Manihot esculenta  Crantz) to three storage periods and two
biostimulants, an investigation was implemented in the Santa Ana
canton of the Manabi province in a completely randomized block
experimental design with a 3 x 3 factorial arrangement with three
replications and nine treatments, corresponding to factor A:
Biostimulants (Al: No biostimulants, A2: biol and A3: leachate) and
factor B: Storage (B1: 30, B2: 60 and B3: 90) days. The variables
evaluated were number of shoots, percentage of shoots, shoot height
(cm), shoot diameter (cm), leaf length (cm), number of roots, root
weight (g), root length (cm). The results showed that in the single
and main effects the best biostimulant was leachate with an average
of 14.26 (cm) for root length. In factor B (storage), the best time to
store the cassava rods was 30 and 60 days. It is worth noting that at
30 days, an average of 9.89 was obtained for number of shoots,
98.89% percentage of shoots, 5.28 cm number of shoots, 18.39 (g)
root weight, 12.46 (cm) root length. However, a strong interaction
was observed between biostimulant factors and days of storage (30
and 60 days) for the variables shoot height, number of shoots, root
length and root weight.

Key words: Incidence, storage, sprouting, multiplication,
quantitative variables.

Resumen: Con el objetivo de evaluar la respuesta de las varetas de
yuca (Manihot esculenta Crantz) a tres épocas de almacenamiento y
dos bioestimulantes, se implementd una investigacion en el canton
Santa Ana de la provincia Manabi en un disefio experimental de
bloques completamente aleatorios con arreglo factorial 3 x 3 con tres
repeticiones y nueve tratamientos, que corresponde al factor A:
Bioestimulantes (Al: Sin bioestimulantes, A2: biol y A3: lixiviado)
y el factor B: Almacenamiento (B1: 30, B2: 60 y B3: 90) dias. Las
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variables evaluadas fueron nimero de brotes, porcentaje de brotes,
altura de brotes (cm), didmetro de brotes (cm), largo de hoja (cm),
numero de raices, peso de raices (g), longitud de raices (cm). Los
resultados mostraron que en los efectos simples y principales el
mejor bioestimulante fue el lixiviado con un promedio de 14,26 (cm)
para longitud de las raices. El factor B (almacenamiento), el mejor
tiempo para almacenar las varetas de yuca fueron a los 30 y 60 dias.
Cabe resaltar que a los 30 dias, se obtuvo un promedio de 9,89 para
namero de brotes, 98,89% porcentaje de brotes, 5,28 cm nimero de
brotes, 18,39 (g) peso de raices, 12,46 (cm) longitud de raices. Sin
embargo se observd una fuerte interaccion entre los factores
bioestimulantes y dias de almacenamiento (30 y 60 dias) para las
variables altura de brote, nimero de brotes, largo de raiz y peso de
raiz.

Palabras clave: Incidencia, almacenamiento, brotes, multiplicacion,

variables cuantitativas.

Introduction

Cassava is native to South America, as it has been domesticated for
more than 5000 years and is currently cultivated extensively in
tropical and subtropical areas around the world (Paredes et al., 2022).
Suarez and Mederos (2011) mention that its genetic center of origin is
in the Amazon Basin and indicate that the scientific name of cassava
was originally given by Crantz in 1766. In Ecuador, about 96 210 t are
produced, of which 8 502 t correspond to the province of Manabi
according to official data from the National Institute of Statistics and
Census (INEC, 2023). In addition, it can be indicated that cassava
cultivation is widespread nationwide, with the provinces of greatest
production being Manabi, Cotopaxi, Santo Domingo de los Tsachilas,
Los Rios, Esmeraldas, Pichincha, Guayas, Loja and Morona Santiago
(Corozo, 2020). The quality of yucca "seed™" depends on its maturity,
thickness, number of buds per stake and size. While Arismendi (2001)
mentions that the selection of the cassava sticks for planting, those of
good thickness should be selected, because they resist adverse weather
conditions for a longer time and guarantee a good percentage of
"germination”, on the other hand, more vigorous cassava plants are
obtained. To avoid mechanical damage and rubbing between the stem
bundles and not to generate bud damage, they should be stored in the
following way; in vertical position and verify the tropism of the buds
that should point upwards in the same position as it grows in the field,
therefore, in this way the loss of planting material by sprouting is
reduced (Rodriguez et al., 2021). During the storage of the rods there
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are some problems such as dehydration, bud re-sprouting and attack
by some pests, so, to avoid losses, a part of the crop can be left
unharvested and the branches can be placed in a vertical position
inside, therefore, the appropriate environment for this process is the
one generated by the plantation itself (Rodriguez, 2021). Valverde-
Lucio et al. (2020) describes that "Biostimulants are formulated
products of biological origin that improve plant productivity".
Biostimulants have the potential to act on plant physiology through
different nutrient pathways to improve crop vigor, yields, quality and
shelf life, post-harvest conservation (Tarazona, 2020). In the province
of Manabi and especially in the canton of Santa Ana, cassava is grown
by small farmers with low economic income, because it is produced in
poor soils or marginal lands, so they use as planting material, stems
(pieces of stems), in many cases are fresh and in others have a long
storage period, whose sprouting is significantly affected, thus causing
a decrease in the number of plants at the field level. Ortega &
Velasquez (2006), indicate that farmers store whole cassava stems in
bundles and put them in the shade, in order to avoid dehydration until
the moment of planting. Therefore, inadequate storage causes to the
planting material, loss of germination power, vigor, weight of the
stems, bud sprouts, presence of pests, diseases and dehydration of the
cuttings, added to the negative effect of abiotic factors that exert on
the stored stems, which ultimately causes a decrease in the quality of
the stems. Therefore, the objective of this research was to evaluate the
response of cassava (Manihot esculenta Crantz) stems to three storage
periods and two biostimulants.

Methodology

Location

The research was carried out on the slope of the Santa Ana canton,
province of Manabi (PDyOT, 2015). Most of the canton is located in
the very dry tropical bioclimatic zone, with a temperature that ranges
between 18 and 22°C and has an average annual rainfall of 711.8 mm

Study factors

The research was bifactorial. The study factors were: Factor A:
biostimulants and Factor B: days of storage.
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Treatments

The treatments were: biostimulants (Al: no biostimulants, A2: biol
and A3: bovine manure leachate) in three storage periods (B1: 30, B2:
60 and B3: 90 days).

Statistical analysis

The research was implemented in a completely randomized block
experimental design in a 3 x 3 factorial arrangement with three
replications and nine treatments (Gabriel et al., 20 22).

On the basis of the defined model, analyses of variance were
performed to test hypotheses about fixed effects, as well as
comparisons of treatment means using Tukey's test at 5%. The
analysis of variance was also used to estimate the variance
components for the random effects. The indicated analyses were
performed in Infostat software (InfoStat, 2020).

Study variables

The following variables were evaluated: number of shoots (NDB),
percentage of shoot bud break (PDB), shoot height (ADB), shoot
diameter (DDB), leaf length (LDH), root weight (PDR) and root
length (LDR). The study variables were evaluated at three storage
dates: 30 days, 60 days and 90 days. Once the rods were treated with
biostimulants and without biostimulants, they were stored as 1 m rods
in groups or bundles of 10 stems, and then cut at 20 cm and
transplanted in polyethylene plastic bags for later evaluation.

Research management

The land was prepared where the 1 m long sticks were stored, then the
selection of the cassava sticks was made, and then the container was
prepared with the biostimulants for the immersion of the sticks. The
substrate was also prepared with local soil, sand and organic matter in
a 2:1:1 ratio, for filling the bags, in which the cassava rods were
planted, and in which the irrigation and weed control was carried out
every 15 days.

Results

The analysis of variance (Table 1) for simple factors such as Factor A
showed highly significant differences (P<0.01) for LDR. For Factor B
(Storage) there were highly significant differences (P<0.01) for NDB,
PDB, ADB and PDR; and significant differences (P<0.05) for LDH,
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Table 1. Analysis of variance for morpho-agronomic characters of

cassava.

Fv gl Mean squares
NDB P AD DD LDH NDR PDR LDR

Rep 2 1,37 13 04 0,18 0,00 835 1,21 0,14 19,96
Factor A 2 2,48 248 15 0,31 0,00 14,84 1,36 0,03 62,45%*
Factor B 2 15,59** 1989,26™* 15 ge* (os**  3893* 11,05% 4,39%*  16,79*
AxB 4 1,43 148,59 0,16 0,01 1,89 38,88** 1,05 26,14**
Error 16 1,83 198,87 0,36 0,01 6,44 21,31 0,54 2,71
Total 26
cv 14,9 1 20,04 27,95 31,41 26,03 20,86 14,29

*: Significant at P<0.0
Number of shoots, PD
Shoot diameter (cm), L
weight (g), LDR: Root

NDH and LDR. Th
(P<0.01) for NDR
from 15 to 28%.

The analysis of

interactions of the
effects are no lon
there were signific
ADB, NDB, LDR
the interaction AO
AO0B1 (7.85), for

with 21.67 cm and

The simple and m
variables NDB, P

**: Highly significant at P<0.01, Ns: Not significant. NDB:
Percentage of sprouting, ADB: Shoot height (cm), DDB:

H: Leaf length (cm), NDR: Number of roots, PDR: Root
ngth (cm).

interaction showed highly significant differences
nd LDR. Coefficients of variance (CV%) ranged

eans by Tukey determined that there were

evaluated factors, so that the simple and main
r significant. In this study it was observed that
t differences (P<0.05) for the interactions in the

nd PDR; where the best treatment for ADB was
(23.52 cm), for NDB the best treatment was for
R and PDR the best interaction was for A2B1
.77 g respectively.

in effects of Factor B (days of storage) for the
B, and LDH, showed significant differences
with 9.89 shoots and 9.78 shoots, respectively;
with 9.78 shoots and 97.97%, respectively. For
he best response was obtained with the 60-day
cm.

the LDH variable,
treatment with 10.2




Table 2. Mean analysis of morphological variables evaluated.

Bistimulants NDB PDB ADB DDB LDH NDB LDR PDR
Factor A N.S N.S N.S N.S N.S N.S N.S *

With Biol 9,67 96,67 10,36 0,36 8,5 4,18 13,78 9,00 c
Without 9,89 88,89 11,12 0,41 7,76 4,73 12,61 11,31b
biostimulant

Leachate 8,67 86,67 8,4 0,33 6,99 4,39 13,24 14,26 a
DSH 1,65 16,45 6,77 0,21 3,09 1,4 6,49 2,00
factor B * * * N.S * % %k %k *

30 Days 9,89a 98,89a 7,63 b 0,40 8.01 ab 5,28a 18,39a 12,46a
60 days 9,78a 97,97 a 19,14 a 0,41 10,20 a 3,74b 12.47ab 12,15a
90 Days 7,56b 75,56 b 3,13 b 0,3 6,04 b 4.28ab 8,78b 9,96b
DSH 1,65 16,44 7,77 0,21 3,09 1,40 6,49 2,00
Interaction N.S N.S *k N.S N.S *% ** **
AOB1 10,00 100,00 3,72b 0,41 6,97 7,85a 18.83ab 9,94c
AOB2 10,00 100,00 2,70b 0,44 10,75 2,67b 11.67ab 11.44bc
AOB3 6,67 66,67 23,52a 0,38 5,55 3,67b 7.33 ab 12.56 bc
A1B1 10,00 100,00 8.59 ab 0,3 9,49 3,33b 14.67 ab 9,66 c
A1B2 10,00 100,00 18.82 ab 0,42 11,05 4,22b 11.67 ab 9,11c
A1B3 9,67 97,97 3,72b 0,31 7,95 5.00ab 14.00 ab 8,20 c
A2B1 9,33 93,33 7,17 b 0,50 7,56 4.67ab 21,67 a 17,77 a
A2B2 9,00 90,00 15.09 ab 0,37 8,58 4,33b 13.07ab 15.88 ab
A2B3 7,00 70,00 2,69b 0,22 a 4,61 4,17 b 5,00 b 9,11 c
DSH 3,90 39,28 16,17 0,51 7,37 3,35 15,5 4,78

*= Significant at 5%, **=Highly significant 1%, NS= Not significant. NDB:
Number of shoots, PDB: Percentage of sprouting, ADB: Shoot height (cm), DDB:
Shoot diameter (cm), LDH: Leaf length (cm), NDR: Number of roots, PDR: Root
weight (g), LDR: Root length (cm).

In the present investigation, it was observed that the application of
biostimulants contributed to improve root length; vermicompost
leachate and bovine manure were the best treatments. Results agree
with those reported by Veobides et al., (2023), who found that basil
plants treated by foliar spray with dilutions of vermicompost humic

April - June vol. 1. Num. 25 - 2025

59



Response of stored INIAP 650 cassava stems to the application of biostimulants in Santa Ana,
Manabi.

extract (VHE) of bovine manure and subjected to low water supplies,
favorably stimulated root length under abiotic stress conditions. Perez
(2018), on the other hand, found that the application of vermicompost
humic acids to rice (Oriza sativa L.) plants produced a significant
increase in root length under water stress conditions.

In the research carried out by Moncayo (2022), he agrees with regard
to the variable root length, where higher average values were obtained
with the application of biostimulants, obtaining in the first range of
significance treatment 1 or biol 1 at a dose of 1 (B1D1), in the second
range treatment 4 (B2D1), for the third range of significance treatment
7 (B3D1), in the fourth range treatment O or control, in the fifth range
treatment 2 (B1D2), in the sixth range treatment 3 (B1D3), in the
seventh range treatment 3 (B1D3), in the seventh range treatment 5
(B2D2) and treatment 6 (B2D3), in the fifth rank treatment 2 (B1D2),
in the sixth rank treatment 3 (B1D3), in the seventh rank of
significance treatment 5 (B2D2) and treatment 6 (B2D3), while in the
last level treatments 8 and 9, (B3D2) and (B3D3), respectively,
therefore the best result was obtained as treatment 1 (B1D1) or biol 1
prepared based on 10 % of dry matter at a dose 1 of 10 % biol 1 and
90 % of water with a length of 27.67 cm.

However, significant increases were also observed for number of
shoots, percentage of shoot shoot shoot, number of roots and root
length. The best treatments were at 30 and 60 days, with a root weight
of 18.39 g. Dalmacio (2020) ratified the mentioned results when he
applied 2.0 liters of biol and 0.5 liters fertigation, every 14 days,
obtaining 406 g beets and indicated that it is the best natural fertilizer
and the cheapest in the world with which good results are obtained,
The most important aspect of the generation of this methodology was
the use of organic fertilizers because it allowed improving the crop
diameter, using the appropriate doses of bistimulants, because they
complement the nutritional requirements of the crop.

In the study on cassava, in the variable percentage of sprouts,
significant differences were observed at 30 and 90 days after the
application of biostimulants with respect to those studied by Gomez
(2022), which showed that the number of sprouts was higher when
using 25 L/ha of humic acids, reaching a height of 3.67 meters, and
the treatment without control in the number of sprouts and using 0
L/ha of humic acids reached 3.42 meters,67 meters and the treatment
without control in the number of shoots and using 0 L/ha of humic
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acids 3.42 m being statistically different from all the others, the
treatments where control was exercised on the number of shoots
presented the best yields, except for the treatment without control in
the number of shoots applying 25 L/ha of humic acids that also
showed the highest values.

On the other hand, Vasquez (2011), explains that the response to the
addition of biol is direct, since the higher the dose of foliar organic
fertilizer, the greater the positive response for the agronomic
characteristics evaluated, with a concentration of 25% (2.5 liters of
Biol plus 7.5 liters of water), and is an alternative foliar organic
fertilizer for the production of green matter forage and cassava dry
matter.

While, Rojas et al., (2019), in their research achieved favorable results
in the use of biostimulants such as bovine biol at 5%, bovine biol at
10% and earthworm leachate at 50% with yields of 18.00 t ha-1, 15.72
t ha-1 and 16.44 t ha-1 respectively, suggesting that they are an
alternative for foliar applications for cassava crop.

Conclusions

The biostimulants have an effect on the variables studied, with
vermicompost leachate having the best effect on root length. As for
the best storage times for the rods, they were 30 and 60 days, which
allowed quality rods with a greater possibility of rooting.
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