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ABSTRACT

Planting sweet potato branches with the appropriate bud number
and disposition, below and above ground, can favor vegetative
growth and yield that better fit the marketable standards. This study
aimed to explore the influence of the number of buds and their
distribution ratio, above and below ground level, on the agronomic
and marketable components of sweet potato tuberous roots. The
experiment was carried out in a randomized complete block design
with three replications. The treatments were arranged in a factorial
scheme (3 x 5), with 2, 4, and 8 above-ground buds combined with
2,4, 6, 8, and 10 below-ground buds. Branches from the UZBD 06
accession (Canadense standard) were used. Vegetative, productive,
and marketable traits of roots were evaluated. The use of branches
with a greater number of buds above and below ground increased
shoot dry biomass. Planting seed branches with 8 buds above and
8 buds below ground provided a greater number and production of
marketable roots. The use of 10 buried buds increased root number
and yield in the 150-450 g marketable classes, which the consumer
market values the most.

Keywords: Ipomoea batatas, marketable classes, tuberous roots,
propagation structure.

RESUMO

Relaciio entre nimero de gemas nas hastes e aspectos de
producio da batata-doce

O plantio de hastes de batata-doce com o numero e disposicdo
adequados de gemas, abaixo ¢ acima do solo, pode favorecer o
crescimento vegetativo e a producdo que melhor atendem aos
padrdes comercializaveis. Este estudo teve como objetivo explorar
a influéncia do nimero de gemas e sua propor¢do de distribuicéo,
acima e abaixo do nivel do solo, sobre 0s componentes agrondomicos
e comercializaveis de raizes tuberosas da batata-doce. O experimento
foi conduzido em delineamento de blocos ao acaso com trés
repetigdes. Os tratamentos foram arranjados em esquema fatorial (3
x 5), com 2, 4 ¢ 8 gemas acima do solo combinadas com 2,4, 6, 8 ¢
10 gemas abaixo do solo. Foram utilizadas ramas do acesso UZBD
06 (padrdo canadense). Foram avaliadas as caracteristicas vegetativas,
produtivas e comercializaveis das raizes. O uso de ramas com maior
numero de gemas acima e abaixo do solo aumentou a biomassa seca
da parte aérea. O plantio de ramas com 8 gemas acima ¢ 8 gemas
abaixo do solo proporcionou maior numero e producdo de raizes
comercializaveis. O uso de 10 gemas enterradas aumentou o nimero
de raizes ¢ o rendimento nas classes comercializaveis de 150-450 g,
mais valorizadas pelo consumidor.

Palavras-chave: I[pomoea batatas, classes comerciais, raizes
tuberosas, estrutura de propagagao.
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weet potato ([pomoea batatas) is

an economically important crop,
the fourth most consumed vegetable in
Brazil. It serves as human and animal
food, as well as raw material for the
industry and biofuel production (Vargas
etal.,2017,2018). Being a rustic plant,
originated in Central America, sweet
potato is widely adapted to various soil
types, in addition to being tolerant to
drought and high temperatures, which
allow its cultivation in different regions
of the world (Santos Junior et al., 2020;

Teshome et al., 2020).

Sweet potato yields approximately
14.00 t ha'! in Brazil, above the
world average estimated at 11.40
t ha' (FAO, 2020). Nevertheless,
Brazilian productivity is low compared
to countries such as Portugal (25.42
t ha'), Egypt (33.57 t ha'), Australia
(36.42 t ha'), and Senegal (40.41
t ha'). One way to improve sweet
potato yield and quality is to adopt
appropriate management techniques in
the production fields (Yan et al., 2017).
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Among these techniques, the use of
proper propagation structures may be
the first and most important step in this
process. Nonetheless, farmers neglect
this step, giving little importance to
the choice and preparation of seed
branches (planting vines) for setting
up commercial areas (Thompson et al.,
2017).

In tropical and subtropical regions,
sweet potato is propagated vegetatively,
usually through seed branches or
unrooted stem cuttings (Loebenstein,
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2015). Farmers usually plant 30-40
cm long seed branches, often taken
from plants grown in commercial
production fields. The branches are
obtained from the shoot tip of the
parent plant and are then distributed in
planting windrows, burying half under
the ground (Santos & Ferreira, 2018;
Nasser et al., 2020). Bud number in
seed branches can vary depending on
plant genotype, age, nutritional status,
environmental conditions, and water
availability (Bunphan & Anderson,
2019). However, when farmers plant
sweet potato seed branches based on
vine length, they disregard that bud
number and disposition in the ground
can affect plant survival, arrangement
in the field, and growth and productive
performance (Beyene et al., 2015).

Using vines with an adequate bud
number favors early vegetative growth
and anticipates tuberous root formation
compared with stem cuttings with fewer
buds. Thus, vine size must be specific for
each cultivar and growing environment.
Too long branches can generate waste
of propagating material, while shorter
ones can delay plant establishment and
result in poor productive performance
(Essilfie ef al., 2016). Regarding the
buried vine portion, the higher or lower
number of buds inside the soil can
influence tuberous root yield and quality
(Ros, 2017; Azevedo et al., 2000). The
number of above-ground buds can also
influence vegetative development and
production. However, no studies have
been reported on the influence of above-
ground bud number in planting vines.

To better serve the export market,
attention should be paid to tuberous
roots weight, in which the range of 300-
450 g is the most valued by the market.
Thus, an essential aspect in sweet potato
production is yield linked to marketable
classes. Although there is evidence that
vine size at planting contributes to the
average mass and yield of sweet potato
(Beyene et al., 2015; Thompson et al.,
2017), conflicting results are shown in
the literature (Ros, 2017).

Studies aiming to define the ideal
size of planting vines generally consider
the yield components, neglecting
important commercialization aspects,
such as those related to sweet potato
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marketable classes. The scarcity of
technical-scientific information to
achieve better yield and quality of
marketable roots entails the need for
studies to strengthen the sweet potato
production chain (Mukhopadhyay et al.,
2011; Echodu et al., 2019). Considering
the above information, this work aimed
to evaluate the influence of the number
of buds in seed branches and their
distribution ratio, above and below
ground level, on the agronomic and
marketable components of sweet potato
tuberous roots.

MATERIAL AND METHODS

The experiment was conducted in the
spring-summer cycle of 2019/2020 in
the Center for Studies in Vegetables and
Fruits of Western Sao Paulo University
UNOESTE (22°07”S, 51°27”W, 413
m altitude). According to Koppen’s
classification, the climate of this area
belongs to the Aw type, with 25°C
average annual temperature and 1400-
1500 mm average annual precipitation,
hot and humid summers and mild and
dry winters. The soil is classified as
Dystrophic Red Argillosol of medium
texture (Embrapa, 2018).

Soil was sampled in the 0-0.20 m
depth layer for chemical analysis, with
the following results: pH 5.1 CaCl,, 9.7
mg dm” of P, 19 mmol_ dm~ of H+Al,
2.0 mmol_dm” of K, 7.0 mmol_ dm>
of Ca, 3.3 mmol_dm” of Mg, and 12.3
mmol_ dm™ of base saturation.

The experiment was conducted
in a randomized block design with
a 3 x 5 factorial scheme and three
replications. The treatments consisted
of planting vines (seed branches) with
three numbers of above-ground buds
(2, 4, 8) and five numbers of below-
ground buds (2, 4, 6, 8, 10), totaling
fifteen treatments. The combination of
bud numbers above and below ground
ranged from 4 to 18 buds per vine.
The useful area of each plot was 4 m?,
containing 10 seed branches, with 0.33
m between plants and 1.0 m between
windrows (0.4-0.5 m high). The plant
material used consisted of branches
of the Canadense standard accession
UZBD 06 belonging to the Vegetable

Germplasm Bank of the University of
Western Sdo Paulo from the shoot tip
of plants kept in maintenance nurseries,
free of pathogens and pest arthropods.

In soil preparation, two heavy plows
and three light harrowings were carried
out. Crop treatments, liming, and base
and cover fertilization were performed
according to the soil chemical analysis
and following recommendations for the
crop (Echer et al., 2015). Fertilization
was done in the planting furrow,
applying 20 kgha' of N, 80 kgha' P,O,,
and 60 kg ha'! K O. Topdressing was
divided into two applications of 30 kg
ha of N.and K O at 30 and 60 days after
planting. The experiment was irrigated
using a micro-sprinkler according to
the crop water requirements. Weeds
were controlled manually and, for
the control of arthropod pests and
diseases, flutriafol and casugamycin
were applied preventively, according to
the manufacturer’s recommendations.

After 140 days of planting, shoots
and tuberous roots were harvested. To
obtain shoot dry biomass, the leaves
and branches were oven-dried at 65°C
until obtaining constant weight. The
material was then weighed ona 0.0001 g
precision scale. Marketable root number
and yield were obtained by counting
and weighing roots on a scale with a
precision of 0.01 g. Marketable roots
were defined as tuberous roots with
more than 80 g, uniform shape, without
mechanical damage or damage from
pests or cracks (Embrapa, 1995). The
average mass of marketable roots was
determined by the relationship between
production and number of marketable
roots. The marketable tuberous roots
were individually weighed and classified
in the classes: 80-150 g, 151-300 g, 301-
450 g,451-600 g, 601-850 g, and above
850 g.

The obtained data were tested
for normality and homogeneity of
residual variances by the Lilliefors
and Bartlett tests, respectively. Once
these assumptions were met, the data
were subjected to the F test through
analysis of variance, observing the
factorial scheme. Data referring to
above-ground bud number per vine
and commercial grades were compared
by mean comparison tests (P < 0.05).
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The data referring to below-ground
bud number per vine were subjected
to regression analysis, estimating the
maximum or minimum points of the
function. Statistical analyses were
performed using the AgroEstat program
(Barbosa & Maldonado Junior, 2010).

RESULTS AND DISCUSSION

An interaction was observed between
number of buds above and below ground
for all studied characters. Planting vines
with more buds above and below ground
increased sweet potato shoot biomass
by 112.16% and 87.43%, respectively,
compared to the lower number of buds
tested (Figure 1). The greater vegetative
growth of plants can be attributed to the
rapid initial formation of new leaves and
shoots from pre-existing meristematic
buds in the branches, allowing greater
photosynthetic capacity and efficiency
in energy assimilation. In addition,
the higher number of buried buds can
provide higher emission of adventitious
roots, increasing the potential for water
and nutrient absorption and favoring
the vegetative development of plants
(Belehu et al., 2004).

Due to its highly ramified root
system, sweet potato has a high capacity
for soil exploration, making it more
efficient in nutrient absorption and
exportation (Guimaraes et al., 2018).
Thereby, the combination of 8 buds
above and 10 buds below ground has
the potential to produce more biomass.
Besides providing important attributes to
the plant physiology, shoot biomass is an
excellent food to be included in animals’

diet due to the high percentage of crude
protein and digestibility (Monteiro,
2007; Massaroto, 2008).

More marketable roots were
produced using vines containing 8
above-ground and 8 below-ground
buds, reaching an estimated maximum
of 85,965 roots ha'! (Figure 2A). On
the other hand, the smallest number
of buried buds caused an average
reduction of 39.62% in tuberous roots
number, resulting in 47,407 roots ha™.
Through the regression equation, it
was possible to infer that the highest
yield of marketable sweet potato roots
was obtained with the combination of
8 and 7 buds, above and below ground,
respectively, with a production of 35.77
t ha! (Figure 2B).

It is assumed that vines with fewer
buds require more time to establish in
the field, resulting in lower yields (Muli
& Mwakina, 2016). Beyene ez al. (2015)
evaluated the use of 5, 7, and 9 buds per
planting vine and found an increase in
shoot biomass production and a greater
number of sweet potato tuberous roots
as the bud number per vine increased.
Likewise, Essilfie et al. (2016), in a
study using 4, 5, and 6 buds per vine,
reported that greater number of buds per
vine led to higher yield of marketable
sweet potato roots.

Thompson et al. (2017) obtained
better plant establishment, number of
tuberous roots, and sweet potato yield,
planting 16-27 cm long vines containing
an average of 7 to 9.8 buds per stem
cutting. According to these authors, the
increase in sweet potato yield due to the
use of long planting vines is associated
with greater number of buds buried in

the soil, representing potential sources
of adventitious root development and
storage root formation. On the other
hand, Rés (2017) did not observe the
influence of the number of buried buds
on the number and yield of marketable
sweet potato roots when evaluating 2, 4,
6, and 8 buds below ground.

Tuberous roots develop from
preformed and undamaged root
primordia of nodes contained in sweet
potato vines (Belehu et al., 2004).
According to Ma et al. (2015), the
nodal position significantly affects sweet
potato root number and development,
with a higher root initiation capacity
from the 9" to 13" node of seed
branches than younger nodes located
between the 3™ and 8" positions. Our
results corroborate this statement; the
combination of the highest number of
buds above and below ground allowed
more basal buds to be buried, which
may have accelerated root initiation and
improved the productive performance
of the plants.

The relationship between marketable
roots number and production showed a
decline in the average mass of tuberous
roots with the increase in buried buds.
The combination of 4 buds above and
2 buds below ground provided greater
root mass (560.0 g). On the other
hand, the use of 4 to 8 buried buds
allowed similar performances, with
roots having an average mass of 444.0
g. The production of sweet potato with
lower average mass was observed
using 10 buried buds, with 356.0 g
root! (Figure 2C). Similar results were
observed by Fernandes et al. (2021), in
a study carried out in the state of Sdo
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Paulo, planting cv. Canadense with 40
cm long seed branches and burying 3-4
internodes, resulting in sweet potato
root yield greater than 32 t ha'!, with an
average weight of 392.8 g.

Generally, the average root mass is
related to growth parameters, such as
fresh and dry shoot biomass (Guimaraes
et al., 2002). Guimardes et al. (2018)
observed that sweet potato genotypes
with higher average root mass have
higher fresh and dry shoot mass. The
same result was observed by Oliveira
et al. (2015), which showed that some
genotypes had an increasing relationship
between shoot dry mass production and
root yield. In the present study, it was
also verified that greater plant shoot was
related to higher number of tuberous
roots; however, the average mass was
reduced.

Sweet potato yield is related to
the plant photosynthetic potential
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(source) and capacity to accumulate
photoassimilates in the roots (drain).
As a perennial plant with continuous
tuberization, sweet potato needs a
balance between input and demand for
photoassimilates (Erpen et al., 2013).
The translocation of photoassimilates
presents high competition between root
and shoot. Therefore, greater vegetative
growth may cause a small individual
cumulated balance in storage roots
(Pérez-Pazos et al., 2021). Furthermore,
the greater number of tuberous roots
increases the number of dependent
drains on the shoot, reducing the fraction
of assimilates for each root. Therefore,
the increase of roots with smaller caliber
can cause a reduction in yield. However,
consumer preference for smaller roots
and their higher commercial market
value can compensate for this reduction.

Maximum values of marketable
roots number were observed in the

classifications of 301-450 g, 151-300 g,
and 151-450 g, when 2, 4, and 8§ buds
above ground were planted, respectively
(Figure 3). Compared to the other
treatments, planting vines with 8 above-
ground buds provided a greater number
and production of marketable roots in
classes from 151 to 850 g (Figure 3).

Regarding the number of buds below
ground, 10 buried buds led to greater
number and production of marketable
roots in the 80-450 g classes and lower
yield in the >850 g class. For weight
classes between 451 and 850 g, the use
of 8 below-ground buds was highlighted,
with 28,149 marketable roots ha' and
16.56 t ha'. The reduction of below-
ground buds increased the number of
marketable roots weighing more than
850 g; consequently, the production of
these roots also increased, mainly with
the use of 2 buried buds, reaching 7.14
t ha! (Figure 4).
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From this work, it was observed
that the increase in bud number
provides greater yield of marketable
roots weighing between 150 and 400
g, which are the most valued in the
commercialization of fresh sweet
potato. On the contrary, the use of
fewer nodes increases the production
of tuberous roots with greater individual
weight, which can be used in industrial
processing (Silva et al., 2008; Massaroto
et al., 2014; Nogueira et al., 2016).
Unfortunately, sweet potato lacks
official classification standards, making
it challenging to value tuberous roots
with greater uniformity of weight and
size. Therefore, the commercialization
of sweet potato is often carried out based
on the average weight of roots in the
package, establishing a difference in
relation to the average, which can vary
by 25% (CEAGESP, 2014). However,
300-450 g sweet potatoes are the most
valued by the consumers market and
the most desired by more demanding
export markets, such as those in the
United Kingdom.

Several aspects must be considered
when choosing the number of buds of
sweet potato seed branches, such as the
form of commercialization, fresh or
processed. Planting vines with a greater
number of buds above and below ground
favors the production of sweet potato
shoot biomass. Although Canadense
standard genotypes are mainly used to
commercialize tuberous roots, producers
can benefit from using shoot biomass in
animal feed. Furthermore, based on
the results of this work, for growers
who aim to increase the number and
yield of total marketable roots, it is
recommended to plant vines with 8
buds above and 8 buds below ground.
On the other hand, for more demanding
markets for fresh commercialization and
destined for export, vines with 8 buds
above and 10 buds below the ground are
recommended, concentrating tuberous
roots number and yield in the marketable
classes between 150 and 450 g.
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