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Abstract: Sericulture is the cultivation of silkworms to produce silk using white mulberry leaves (Morus alba 1..); thus,
the sectot's quality production of mulberry seedlings on a large scale is economically important. The production of
seedlings through cuttings is the most effective and fastest reproduction method. Still, it can also be enhanced using
synthetic rooting agents, increasing the productive potential of white mulberry crops. The current work aims to
evaluate the response of cuttings taken from different parts of the branch of M. alba var. Miura (Apical 1, Apical 2,
Medial, Basal 1, and Basal 2) and treated with indolebutyric acid (IBA; 500, 1,000, and 1,500 mg L) and commercial
rooting agent Forth® (10 % v/v), in addition to a control treatment. After treating the branches, they were placed
in polyethylene containers filled with substrate and kept in a greenhouse for 70 days. The application of hormones
on cuttings of M. alba favored several morpho-agronomic parameters evaluated for the propagules obtained from
different positions on the branch. In conclusion, applying 500 or 1,000 mg L' of IBA is recommended for the
various positions, with Basal 1 and Basal 2 showing higher values in the evaluated parameters than the other
positions. The results can help silk breeders optimize white mulberry crop production.

Keywords: protected cultivation, Moraceae, production optimization, propagules, plant growth regulator.

Resumen: La sericultura es el cultivo de gusanos de seda para producir seda mediante hojas de morera blanca (Morus
alba 1..); en consecuencia, la calidad y la produccion a gran escala de plantulas de morera son de gran importancia
econémica para este sector. La produccién de plantulas mediante esquejes es el método mis eficaz y rapido, que aun
asi se podria fortalecer con el uso de enraizadores sintéticos para aumentar el potencial productivo de los cultivos de
morera blanca. Por lo tanto, el objetivo del trabajo fue evaluar la respuesta de los esquejes tomados de diferentes
partes de M. alba var. Minra (apical 1, apical 2, medial, basal 1 y basal 2) y tratados con 4cido indolbutirico (AIB; 500
mg L1, 1,000 mg L' y 1,500 mg L") y el enraizador comercial Forth® (10 % v/v), ademis del tratamiento control.
Luego de tratar las ramas, se colocaron en envases de polietileno llenos de sustrato y se mantuvieron en invernadero
durante 70 dias. La aplicacién de las hormonas a los esquejes de M. alba favorecié los diferentes parametros
morfoagronémicos evaluados en las diferentes posiciones en las que se obtuvieron los propagulos. Se concluye que
la aplicacién de 500 o 1,000 mg L1 de AIB se recomienda para diferentes posiciones, donde basal 1 y basal 2 muestran
valores mas altos en los parametros evaluados en comparacién con las demas posiciones. Los resultados podrian
ayudar a los sericicultores a optimizar la produccién de moreras blancas.

Palabras clave: cultivo protegido, Moraceae, optimizacién de la produccién, propagulos, regulador del crecimiento
vegetal.
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Introduction

Moraceae is a family of important genera such as Fious, Artocarpus, and Morus sp. (Brandao et al.,
2021; Li et al.,, 2021; Okeke et al., 2021). With 1,290 species distributed in 41 genera spread
wortldwide, around 20 % of this family’s total number of representatives occur in Brazil alone
(Reflora, 2024; World Flora Online [WFO], 2024). The mulberry tree is a monoecious or
dioecious plant and usually has pointed oval leaves that are sometimes irregularly lobed (WFO,
2024). Within the genus Morus L., there are more than 150 species, with Morus alba L. being the
most relevant since its leaves serve as food for the silkworm caterpillars (Bombyx moris L.), thus
boosting the sericulture market. On the other hand, the discovery of chemical compounds
present in M. nigra leaves that are useful to the pharmaceutical industry (such as flavonoids and
triterpenes) produces a tremendous scientific demand for this genus, attracting resources and
research (Oliveira et al., 2018).

Sericulture is the process of obtaining silk thread from the cocoons of moth caterpillars (B. 7zoris).
Brazilian silk production is highlighted in the West, generating 3,047 tons of cocoons in 2019.
The state of Parana accounts for more than 80 % of national production and is a significant
exporter of products from this activity. However, there are certain obstacles to the growth of
this sector, such as the drift of chemical products from neighboring cultures on the mulberry
trees, climatic adversities, and the lack of technology and technical knowledge to manage the
plantation. In this way, it is essential to increase the production of good quality planting materials
(QPM; Departamento de economia rural [DERAL], 2021).

The silk market is dependent on white mulberry leaves (M. a/ba) as foodfor silkworm caterpillars,
and the QPM directly reflects the quantity and, mainly, the quality of the thread produced by the
silkworms (Cavalcante-Neto et al., 2018). For this reason, the vegetative propagation of mulberry
trees has become efficient, with cuttings being the most commonly used method in Brazil, as
clones are produced from a genetically superior matrix, making production economically viable,
shortening the initial development process of the plant, and providing ease of handling (Borges
et al., 2010).

The pre-rooting of cuttings has been widely used to ensure that, when transplanted in the field,
the seedlings have greater development potential compared to those that do not have any roots.
Although some species have natural adventitious rooting capacity, several studies have reported
that indolebutyric acid (IBA) is an effective plant growth regulator (PGR) for rooting. Likewise,
commercial rooters have also shown promising results, ensuring better production for producers
and nursery workers. The use of commercial rooters and different doses of IBA has been the
focus of recent studies and provides support for new works, such as the study in question
(Ahkami et al., 2013; Colombo et al., 2018; Husen et al., 2017; Rafeeq et al., 2020).

Studies evaluating the development of cuttings from different positions of the matrix plant and
the correlation with the use of synthetic regulators have already been reported in the literature
with different responses among the studied plants and showed preliminary potential for
increasing white mulberry production through PGRs (Rocha et al., 2014; Souza et al.,, 2015).
Therefore, the objective of the current work was to evaluate the response of cuttings taken from
five positions on the branch of M. alba var. Miura treated with different doses of IBA and the
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commercial rooting agent Forth® and the potential for vegetative growth in each of these
branches, aimed at optimizing M. a/ba production.

Materials and Methods
Plant Material

The experiment was conducted in a greenhouse at the Center for Agricultural Sciences at the
State University of Londrina (UEL). The mother plants of M. alba var. Minra were obtained from
the collection of mulberry trees at the Agronomic Institute of Parana in Londrina-PR, Brazil,
and collected in July 2022. The plants were approximately one year old, and those with physical,
physiological, and phytopathogenic defects were discarded. Healthy plants, which were upright
and without signs or symptoms of disease or pests, were selected and taken to UEL with the
leaves cut in order to reduce transpiration and the consumption of plant reserves (Correia et al.,
2015).

Propagules were obtained from different positions of the central branch of the matrices, which
were 1.30 m in height. The mother plants were divided into five parts: Apical 1 and 2 (A4, Av),
Medial (M), and Basal 1 and 2 (Bs, B»), as shown in Figure 1. With the help of pruning shears,
the cuttings were cut to a length of 25 cm, which is why there were five branch divisions in this
study (Villalta-Zuniga et al., 2022). For each new plant, the pruning shears were disinfected with
77° GL alcohol, and different doses of IBA and Forth® were applied to each part of the branch
(Azevedo et al., 2017).

Figure 1. Schematic representation of a matrix of M. a/ba and the different positions from which
the propagules were obtained: Apical 1 (A1), Apical 2 (Az), Medial (M), Basal 1 (B), and Basal 2

(B2).

Source: Prepared by the authors.
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Installation of Treatments

The regulator used was Sigma-Aldrich® IBA. A literature review was performed to select
regulator doses, choosing 0 (control), 500, 1,000, and 1,500 mg L' (Hawramee et al., 2019). Some
works have used higher or lower doses with good results concerning the development of M. a/ba
cuttings (Husen et al., 2017; Rafeeq et al., 2020). The commercial rooting agent was from the
company Forth®, most commonly found in Brazilian agricultural stores.

To treat the cuttings, the IBA was weighed with a semi-analytical scale (precision * 0.001 g), and
then drops of ethyl alcohol 92.8° INPM were added until its dissolution. The mixture was then
diluted with distilled water in the appropriate concentrations. The lower part of each cutting was
immersed for 10 seconds in the respective concentrations, including the control treatment with
only distilled water. Then, planting was performed, as recommended by Singh et al. (2014). The
rooting agent was only diluted in distilled water at a concentration of 10 % v/v, and the cuttings
were immersed for 5 minutes before being planted, as standardized and recommended by the
manufacturer. The containers used were made from low-density polyethylene (LDPE), with
drainage holes and dimensions of 10 cm X 18 ¢cm and a thickness of 0.5 mm, filled with the
substrate based on pine bark and peat (SV Vidaverde®).

The greenhouse where the experiment was carried out had a 100-micron plastic film cover, with
the side covered with 80 % shade cloth and N-S geographic orientation. Immediately after
planting the propagules, the substrate was moistened using a manual watering can. Subsequent
irrigations were performed with micro sprinklers turned on daily for 10 minutes in the morning.
The daily maximum and minimum temperatures were recorded during the experimental period
with the Incoterm® thermometer, and the lowest and highest temperatures recorded were 4.6 °C
and 42.9 °C, respectively.

Parameters Evaluated and Statistical Analysis

After 70 days of stacking the plants, they were taken to the UEL Phytotechnics laboratory for
evaluation. The seedlings were carefully removed from the container, and their roots were
washed in running water for data measurement. The diameter of the cuttings (DC), number of
nodes (NN), number of shoots (NS), number of leaves (NL), longest root length (LRL), and
fresh (FRM) and dry root mass (DRM) were evaluated.

The DC and LRL parameters were measured with a caliper and conventional ruler. In contrast,
for the measurement of FRM and DRM, a semi-analytical scale was used (precision * 0.001 g),
with the results expressed in grams (g). For the determination of DRM, paper bags were used in
which the roots were individually placed in an oven with forced air circulation at 65 * 3 °C for
72 hours until a constant mass was obtained (Camara et al., 2017; Soares et al., 2021). To set up
the experiment, each position (A1, Az, M, By, and By) received the five treatments, being T
control; T2 rooting agent at 10 % v/v; T3 500; T4 1,000, and Ts: 1,500 mg L. of IBA, with each
treatment containing ten repetitions (with one plant per repetition), thus totaling 250 plants
(Figure 2).

Cienc. Tecnol. Agropecnaria, 25(2): €3392
DOTL: https://doi.org/10.21930/tcta.vol25_num2_art:3392


https://doi.org/10.21930/rcta.vol25_num2_art:3392

Kaué Alexandre Monteiro, et al. Enhancing Rooting in Morus alba Cuttings

The experiment was conducted in a completely randomized design in a 5X5 factorial scheme.
Data were submitted for analysis of variance, and if significant, means were compared by Tukey’s

test at 5 % significance. The assumptions of normality of errors and homogeneity of variances
were tested by Shapiro-Wilk and Levene at 5 % significance. If one of the assumptions was
corrupted, the data were transformed according to the methodology proposed by Box and Cox
(1964). All analyses were performed using R software (R Core Team, 2023).

% v '.. b %
Figure 2. Seedlings of Morus alba var. Minra 30 days after cutting and kept in a greenhouse.
Source: Authors’ archives.

Results and Discussion

No significant interaction was observed between treatments and different positions of
propagules for DC, NN, NS, LRL, and FRM. Regarding the treatments applied to the cuttings,
IBA generally provided better results, especially at a dose of 1,000 mg L' (T4) for the DC, NN,
NS, LRL, and FRM parameters. Furthermore, the control (T1) did not differ from the rooting
agent (T2; Figure 3) for these same parameters. Regarding the position of the propagules
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removed from the mother plant, parts B and B presented better responses than the other
positions for the variables DC, LRL, and FRM. All positions were higher than A; for NN and
NS, as shown in Figure 3.
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Figure 3. Bar graphs representing factors broken down into treatment and position of
propagules of M. alba var. Miura for the means of diameter of cuttings (DC; A and B) in cm,
number of nodes (NN; C and D), number of shoots (NS; E and F), longest root length (LRL;
G and H) in cm, and fresh root mass (FRM; I and J) in g. Treatments represented by Ti: control,
T, rooting agent at 10 % v/v; Ts: 500, T4 1,000, and Ts: 1,500 mg L' of IBA and positions A,
(Apical 1), A, (Apical 2), M (Medial), B; (Basal 1), and B, (Basal 2). Means followed by the same
lowercase letter in the column do not differ by Tukey’s test at 5 % significance. Data transformed
to Vx+1.

Source: Prepared by the authors.

For NL. and DRM (Figure 4), there was a significant interaction between the factors. The
behavior of both variables was similar in that there were differences between treatments in the
same positions and between positions within the same treatment. Some results should be
highlighted, such as the superiority of positions Bi and B, compared to the other positions in all
treatments and the improvement in the number of leaves (Figure 4A) and DRM (Figure 4B) in
the treatments with the highest dose of IBA, particularly 1,000 mg L' (T4) on cuttings A, and
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M. It is suggested that when the IBA is applied at higher doses, it improves A, and M cuttings
compared to the control and the rooting agent. As with the other variables, the rooting agent
showed no improvement compared to the control.
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Figure 4. Bar graphs representing the response of M. alba var. Miura branch positions in each
treatment for the means of number of leaves (NL; A) and dry root mass (DRM; B) in grams.
Treatments represented by Ti: control, T rooting agent at 10 % v/v; Ts: 500, T4: 1,000, and Ts:
1,500 mg L' of IBA and positions A (Apical 1), Az (Apical 2), M (Medial), B; (Basal 1), and B>
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(Basal 2). Averages followed by the same lowercase letter in the column and uppercase in the
row do not differ by Tukey’s test at 5 % significance. Data transformed to Vx+1.
Source: Prepared by the authors.

Commercial rooting agents benefit plant propagation and development and can be used in a
wide range of species, from ornamentals to fruit trees (Santos et al., 2020). However, there is a
distinction between the products concerning the composition of their active ingredients, such as
vitamins, polyphenols, and amino acids, that may or may not aid in the development of the plant.
This difference in composition may explain why certain plants respond to exogenous application
while others do not respond or are negatively affected, mainly due to the hormonal and
nutritional balance of the plant, which, when in excess or lacking, can influence its physiological
processes, growth, and the emission of roots and shoots (Garcia et al., 2022; Silva et al., 2022).
In this sense, the mulberry tree may not respond to the compounds in the rooting agent studied
because this crop does not interact with it, or the quantity the company recommends is
insufficient to influence these variables.

Regarding the positive results of the application of exogenous auxin, Husen et al. (2017) analyzed
the rooting of M. alba cuttings and the biochemical processes resulting from the application of
different doses of IBA. They found increased indole acetic acid oxidase (IAA-oxidase) levels on
the 30™ day and peroxidase (POX) on the 45" day after cutting the propagules. This increase
suggests that both enzymes aid in auxin catabolism and stimulate root initiation processes, which
may explain the superior results of IBA treatments in LRI and fresh root mass FRM.

For rooting, here represented by DRM, cutting positions responded differently to T3 (500 mg L
"IBA) and T, (1,000 mg L' IBA), with increasing or decreasing results. However, from T; to Ts
(1,500 mg 1.7, all positions decreased in DRM (Figure 4), so the best doses for each position
are between 500 and 1,000 mg L' IBA for the highest DRM. Studies with M. a/ba have shown
that cuttings treated with IBA are effective for rooting. When analyzing the influence of IBA on
mulberry cuttings, Singh et al. (2014) and Husen et al. (2017) found that the use of this regulator
reflected the increase in several variables evaluated, corroborating the results obtained in the
current study. The hypothesis is that these increments in the studied parameters are due to
factors such as stability and the conjugation rate of the regulator that are responsible for and,
therefore, directly linked to the rooting induction. In addition, the variation in the response of
this parameter is related to endogenous levels of IAA, which fluctuate according to the number
of days the culture is in place and the conditions the cuttings are submitted to.

The production of cuttings obtained from the medial part (M) is only possible when using a dose
of 1,000 mg L" of IBA, which obtained the best response for NI and DRM, followed by a
concentration of 1,500 mg I."". On the other hand, the propagules of positions By and B for NL
and B for DRM were not dependent on the synthetic regulator for their best responses. Shao
et al. (2018), when studying the physiological responses of Zigyphus jujuba Mill., concluded that
the responses of the plants to the application of IBA are directly related to the consumption and
accumulation of nutrients (such as sugars and proteins) and the endogenous hormonal dynamics
in the phloem, which together reflect in adventitious root growth and subsequent plant
development. This explains the differences in the mulberry cuttings in the present work.
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Martins et al. (2015) showed that herbaceous cuttings of Campomanesia adamantinm (Cambess.)
O. Berg treated with different doses of IBA did not differ considering NN and NS. This was
also observed in woody cuttings of this species, which did not differ between themselves for
these variables but had better results than the upper parts of the branch, reaching a superiority
of 100 %. Such results are similar to those obtained in the present study. Taking as a basis that
herbaceous cuttings would be represented here by A; and Az and woody cuttings by B; and B,
or even M, it is clear that the treatments with IBA for the apical propagules did not express
statistical differences for NN and NS, as well as between the most basal propagules (Figure 3).
Rocha et al. (2014) evaluated the effect of synthetic auxin on the rooting of different parts of
the branch of Dioscorea spp. They concluded that the number of roots was significantly influenced
by the position on the branch from where the propagule was removed (the basal position being
superior to the others), and the IBA treatments did not differ for this variable. Parallel to the
present study, Figure 4B shows the increase in DRM according to the more basal position. For
B,, the lowest part obtained, treatments with both IBA and the commercial rooting agent did
not cause a significant effect.

In this respect, according to the occurrence of catabolic processes in the metabolic routes of the
hormone auxin, the levels of total soluble sugar (TSS) decrease, while in mulberry cuttings treated
with IBA, the levels of TSS in the rooting zone are higher, which may be attributed to starch
hydrolysis or increased carbohydrate transport to the rooting zone (Husen et al., 2017).
Therefore, propagules with a larger diameter, because they have more reserves, will generally
respond better to the parameters inherent to rooting and subsequent vegetative growth (Costa
et al., 2022; Cox, 2018; Kielse et al., 2013), corroborating the results presented.

With the results achieved in this research, the potential of PGR to improve white mulberry
production in several aspects is clear. However, the cost of the product and specialized labor in
the area can be a practical obstacle to the proposed work. Studies showing this chain’s economic
viability are critical to helping silk breeders accept new cultivation methods.

Conclusions

The application of IBA on M. alba var. Miura cuttings favors several of the morpho-agronomic
parameters evaluated for the propagules obtained from different positions on the branch. It is
concluded that 500 or 1,000 mg L' of IBA is recommended for the different positions, with B:
and B, showing higher values when comparing the parameters with other positions. Based on
these results, new studies can be carried out to evaluate the establishment of pre-rooted seedlings
after transplantation in the field and analyze the potential of the plant regulator in the
development of these seedlings as well as the basal parts of the branch (B; and By).
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