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Abstract
The use of seed tubers of suitable bud stage is of paramount importance in potato crop production because it enables obtaining
the number of stems closest to that desired. The objective of this study was to study the influence of bud stage and seed potato
tubercle size on the plant characteristics of the potato var. Ágata. The experiment was carried out between January and April 2017.
The treatments included two sizes of seed tubers of Agata variety types I (50-60 mm) and III (30-40 mm) and four stages of growth
(A, larger sprout, shoots bigger than 1 cm; B, shoots of approximately 0.7 cm; C, shoots of approximately 0.4 cm; and D, less
budding, incipient shoots of up to 0.1 cm). The number of stems and tubers per plant, the number of tubers per stem, the
production and classification of tubers, and the average mass of tubers were evaluated. A positive association was found between
the seed tuber size and sprouting stage and the number of stems per plant. The number of tubers and stems per plant was
positively related to the mass of the seed tuber, especially when the tuber was most sprouted. The use of type I seed tubers with
an earlier budding phase favors the production of the highest number of tubers per plant. Minor seed tuber yields a lower number
of tubers per plant but yields a higher average mass of tubers. The use of smaller seed tubers (type III) is recommended because
they could present a higher productive potential and a higher percentage of large tubers.
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Introduction
The potato (Solanum tuberosum L.) is a commercial herb in
Brazil (Pineli et al., 2005; Santos et al., 2016), largely due to
its high productive potential and its nutritional properties
(Conceição et al., 1999; Bártová et al., 2015). Potato
production in Brazil is estimated at about 3.83 million tons,
with the main producing states of this tuber situated in the
south and southeast of the country (IBGE, 2016). Potato is
the third most consumed food in the world (Embrapa,
2017a). Thus, it is an essential food in populous countries,
having high contents of vitamin C, proteins, carbohydrates,
and potassium (Ngobese et al., 2017; Narvárez-Cuenca et al.,
2018).
The present study recognizes that the presence of tubers is
of great importance for the in natura commercialization of
potato (Feltran et al., 2004; Silva et al., 2007). Ágata and
Mondial are among the main potato varieties cultivated in
the country for in natura consumption because their tubers
have commercially desirable characteristics (Evangelista et
al., 2011).
Potato dormancy is a complex process with an extensive
release phase, with the period of apical domination in seed
potatoes beginning after harvest (Liu et al., 2017). The apical
dominance of seed potatoes is affected by physiologic age,
thus interfering with the number of main stems produced by
the seed tuber (Krijthe, 1962; Danieli et al., 2018). With the

progression of the seed potato age, the apical dominance
decreases (Eshel & Teper-Bamnolker, 2012; UrreaHernandez et al., 2016). The physiologic age of seed
potatoes also influences the number of tubers per plant and
the size distribution of tubers (Knowles & Knowles 2006;
Park et al., 2009). Most of the time, larger number of tubers
per plant results in a smaller tubercle size (Bisognin et al.,
1998).
The development of potato sprouting depends on the
increase of growth-promoting phytohormones, such as
auxins and gibberellins (Suttle et al., 2004). Hormonal
balance with a greater accumulation of cytokinins in stolons
favors tuberization (Fontes and Finger, 1999).
Seed potatoes and fertilizers are the main components of
the production costs in bataticulture. Both factors influence
the number and size of the tubers produced (Creamer et al.,
1999). The size of the tuber produced is an important
component of production, with larger tubers being more
valued in the in natura market.
Seed potatoes with a stems number of rods produce a
greater number of tubers. Thus far, there is no consensus
among producers regarding the effect of the seed potato
size and spacing. Hence, the producer considers the cost: the
smaller the spacing is the greater the need for seeds, thus
increasing the cost of production.
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There is a direct relationship between larger and more
sprouted seed tubers and the number of tubers produced.
However, a large number of tubers per plant may result in
an average mass below the suitable value for the in natura
market, which prefers larger tubers, generally more than 42
mm in diameter. Given their fewer buds, smaller seed tubers
may allow better adjustment of the stem density and
source-drain ratio, resulting in the number and size of tubers
produced. Thus, the objective of this study was to study the
influence of bud stage and seed potato tubercle size on the
plant characteristics of the potato var. Ágata.

that were more sprouted positively contributed to the
number of tubers. However, the large number of tubers
formed in a plant largely results from small tubers among
those produced in the plant (Filgueira, 1999; Danieli et al.,
2018). On the other hand, the type III seed tubers resulted in
a smaller number of stems and tubers per plant. Thus, the
tubers produced were generally larger.
The number of stems per area should be adjusted to
maximize the uptake of solar radiation and obtain a larger
mass of tubers. Because the number of stems per seed tuber
varies with the mass, adjustment of the spacing between
seed tubers is applied in potato cultivation (Oliari et al.,
2011). The recommended spacing ranges from 30 to 40 cm
for type I seed tubers and from 20 to 25 cm for type III seed
tubers (Embrapa, 2017b). The typical spacing of 40 cm and
80 cm for type I seed tubers in potato cultivation (Embrapa,
2017b) results in a population of 31,250 plants per ha. The
usual spacing for type III seed tubers is 25 cm, which results
in 50,000 plants per ha. Based on the number of plants and
the production obtained per plant in the experimental
conditions, the potential productivity (number of plants x
production per plant) can be estimated at 83.1 and 122.5 t
-1
ha for tuber types I and III, respectively.
Higher productivity can be obtained from the plants
originated from type III tubers, possibly due to the better
distribution of stems, which favors the capture of radiation
and better adjustment of the source-drain ratio in each
plant. Thus, for the Ágata variety, the mass production
component of the tuber could be more important than the
number of tubers per plant.

Results
The size and budding stage of seed tubers were found to
influence the number of stems per plant. There was an
increase in the number of stems in less sprouted type I
seedlings, whereas a decrease was observed in type III
tubers (Table 1).
The number of tubers per plant, similarly to the number of
stems, was positively associated with the mass of the seed
tuber, especially when the tubers were more sprouted
(Table 1). The number of tubers per stem was higher in
plants originated from more budded type I seedlings and
from less sprouted type III seedlings (Table 1). When type I
seed tubers were used, a higher sprouting stage resulted in a
larger mass of small tubers. On the other hand, when type III
seed tubers were used, the sprouting stage did not influence
the mass of small tubers.
The total production, the number of large tubers, the
production of large tubers, and the number of small tubers
were higher in plants originated from type I seed tubers,
without interaction with the budding stage. The mean mass
of tubers was higher in type III seed tubers, without
interaction with the budding stage (Table 2). More sprouted
seed tubers produced a higher number of large tubers per
plant and a smaller average mass of tubers (Table 3).

Materials and Methods
Place of study and experimental design
The experiment was carried out at the experimental station
of the Institute of Agricultural Research of the Cerrado
(IPACER), located in the city of Rio Paranaíba, Minas Gerais,
Brazil. The climate of the region is classified as Cwa, which,
according to the Köppen-Geiger classification, is
characterized by two well-defined seasons. The planting was
carried out on 27/01/2017; the harvesting was done 90 days
after planting on 26/04/2017.
The seed tubers originated from virus-free mini-tubers with
high phytosanitary quality. After harvesting and before
cultivation, the seed tubers were stored in a cold room at
temperatures of between 3 and 5 °C and relative humidity of
between 90 and 95% for 40 days.
The treatments included four shoot stages and two seed
tuber sizes, which were plotted in a 4 x 2 factorial design.
The first factor corresponded to the sprouting level (sprout
size), and the second factor to the size of the seed potato.
The seed potato sizes used were 50-60 mm for type I and 3040 mm for type III. The sprouting stages were: A, larger
sprout, shoots bigger than 1 cm; B, shoots of approximately
0.7 cm; C, shoots of approximately 0.4 cm; and D, less
budding, incipient shoots of up to 0.1 cm (Fig. 1). To obtain
the sprouting stages, the seed tubers were left for 38, 30,
25, and 10 days, respectively, outside the cold chamber. A
completely randomized design was used, with six
replications. The experimental unit was a polyethylene
3
vessel with a capacity of 250 dm of soil. In each vase were
planted two tubers with a spacing of 40 cm between them

Discussion
Bigger seed tubers have a higher number of buds, which can
result in a larger number of stems and tubers per plant. The
highest number of stems and tubers per plant competes for
the lower average mass of the tubers produced, similar to
that obtained by Teixeira et al. (2010). This may be
associated with the higher stem density per plant, which
may lead to an imbalance between the source and drain
and, consequently, to juvenile tubers (Dellai et al., 2008).
The use of potato seeds that are still in the period of apical
dominance is undesirable because planting at this stage
results in a decreased stem population and low productive
potential due to poor utilization of solar radiation (Bisognin
et al., 2008; Danieli et al., 2018), which corrabora with the
present work for the size of tubercle type III. Type I seed
tubers that were more sprouted positively contributed to
increasing the number of tubers, as a function of the bud
stage, possibly because they presented lower dormancy
compared with the type III seed tubers. The type I seed
tubers were formed first in the seed field and possibly
presented less dormancy; thus, they sprouted more easily.
The potato production components can be summarized into
the number and average mass of tubers produced (Silva et
al., 2006; Urrea-Hernandez et al., 2016). Type I seed tubers
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Table 1. Effect of seed tuber size and sprouting stage on number of stems per plant, tubers per plant, small tubers, and tubers per
stem.
Sprouting stage
Seed tuber size
A
B
C
D
Number of stems per plant
I
5.83
Ba
4.92
Ba
5.17
Ba
7.10
Aa
III
3.58
Ab
3.42
Ab
2.83
ABb
2.08
Bb
Number of tubers per plant
I
25.47
Aa
15.83
Ba
16.17
Ba
15.32
Ba
III
13.75
Ab
11.00
ABb
10.17
Bb
9.50
Bb
Number of tubers per stem
I
4.22
Aa
3.26
Aba
3.14
ABa
2.69
Bb
III
3.58
Aa
3.35
Aa
3.64
Aa
4.46
Aa
Amount of small tubers (kg/plant)
I
0.18
Aa
0.08
BCa
0.05
Ca
0.11
Ba
III
0.06
Ab
0.04
Ab
0.02
Aa
0.03
Ab
The seed potato sizes used were 50-60 mm for type I and 30-40 mm for type III. The different stages of budding were: A, larger sprouting, shoots bigger than 1 cm; B, shoots of approximately 0.7
cm; C, shoots of approximately 0.4 cm; and D, less budding, incipient shoots of up to 0.1 cm. Averages followed by the same letters (uppercase and lowercase) do not differ from each other based
on the SNK test at 5% significance level.

Fig 1. Seed tuber sizes (type I, 50-60 mm; type III, 30-40 mm) and shoot stages (A, larger sprout, shoots bigger than 1 cm; B, shoots
of approximately 0.7 cm; C, shoots of approximately 0.4 cm; D, less budding, incipient shoots of up to 0.1 cm).

Table 2. Effect of seed tuber size on total and large tubercle production, number of large and small tubers, and average mass of
tubers.
Seed tuber size
Production
Number of large
Amount of large
Number of small
Average tuber mass
(kg/plant)
tubers
tubers (kg/plant)
tubers
(g)
I
2.66
a
13.65
a
2.56
A
4.34
a
157.59
B
III
2.45
b
9.06
b
2.41
B
2.04
b
225.51
A
The seed potato sizes used were 50-60 mm for type I and 30-40 mm for type III. Means followed by the same letter do not differ from each other based on the SNK test
at 5% significance level.

Table 3. Effect of sprouting stage on number of large and small tubers and mean tuber mass.
Sprouting stage of
Number of large tubers
Number of small tubers
seed tubers
A
13.25
a
5.40
a
B
10.63
b
2.79
b
C
11.29
b
1.88
b
D
10.25
b
2.71
b

Average tuber mass (g)
144.65
204.34
210.65
206.54

B
A
A
A

The budding stages were: A, larger sprout, shoots bigger than 1 cm; B, shoots of approximately 0.7 cm; C, shoots of approximately 0.4 cm; D, less budding, incipient shoots of up to 0.1 cm. Means
followed by the same letter do not differ from each other based on the SNK test at 5% significance level.
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and 20 cm from the edge of the vase; both were conducted
until the harvest.
The evaluation included the number of stems per plant, the
number of tubers per plant, the number of tubers per stem,
the yield of small tubers, the large and total mass per plant,
and the mean mass of tubers. Large tubers were those with
an equatorial diameter of 42 mm or more, and small tubers
were those with a diameter of less than 42 mm.
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Statistical analysis
Data were submitted to analysis of variance. When the
means were significantly different, the Student-NewmanKeuls test was applied at a significance level of 5%. The
analysis was carried out by using the SPEED Stat spreadsheet
software (Carvalho and Mendes, 2017).
Conclusion
Type I seed tubers, especially when more sprouted, favor
the production of a larger number of tubers per plant. Type
III seed tubers provide a lower number of tubers per plant
but produce a higher average mass of tubers.
Crops originating from type III seed tubers may present a
higher productive potential and a higher percentage of large
tubers.
Acknowledgements
We thank the Institute of Agricultural Research of the
Cerrado (IPACER), located in the city of Rio Paranaíba, Minas
Gerais, Brazil, for the availability to conduct the experiment
and to Lucas Resende Silva, for the commitment during the
conduction of the research.
References
Bártová V, Bárta J, Brabcová A, Zdráhal Z, Horácková V
(2015) Amino acid composition and nutritional value of
four cultivated South American potato species. J Food
Compos Anal. 40: 78-85.
Bisognin DA, Centenaro R, Missio EL (1998) Uso do ácido
giberélico na quebra de dormência e de dominância apical
em batata. Ciênc Rural, 28: 205-213.
Bisognin DA, Freitas ST, Brackmann A, Andriolo JL, Pereira
EIP, Muller DR, Bandinelli MG (2008) Envelhecimento
fisiológico de tubérculos de batata produzidos durante o
outono e a primavera e armazenados em diferentes
temperaturas. Bragantia. 67 (1): 59-65.
Carvalho AMX, Mendes FQ (2017) SPEED Stat: a minimalist
and intuitive spreadsheet program for classical
experimental statistics. Anais da 62ª Reunião Anual da
Região Brasileira da Sociedade Internacional de Biometria.
333p.
Conceição AM, Fortes GRL, Silva JB (1999) Influência do
ácido acetilsalicílico, da sacarose e da temperatura na
conservação in vitro de segmentos caulinares de batata.
Hort Bras. 17 (3): 182-185.
Creamer NG, Crozier CR, Cubeta MA (1999) Influence of seed
piece spacingand population on yield, internal quality, and
economic performance of Atlantic, Superior, and Snowden
potato varieties in eastern North Carolina. Am J Potato
Res. 76:257-261.

285

Pineli LLO, Moretti CL, Almeida GC, Onuki ACA, Nascimento
ABG (2005) Caracterização química e física de batatas
‘Ágata’ minimamente processadas, embaladas sob
diferentes atmosferas modificadas ativas. Pesqui Agropecu
Bras. 40 (10): 1035-1041.
Santos TPR, Leonel M, Garcia ÉL, Carmo EL, Franco C.ML,
Crystallinity (2016) thermal and pasting properties of
starches from different potato cultivars grown in Brazil. Int
J Biol Macromol. 82: 144-149.
Silva GO, Souza VQ, Pereira AS, Carvalho FIF, Fritsche-Neto R
(2006) Early generation selection for tuber appearance
affects potato yield components. Crop Breed Appl
Biotechnol. 6: 73-78.

Silva GO, Pereira AS, Souza VQ, Carvalho FIF, Fritsche RN
(2007) Correlações entre caracteres de aparência e
rendimento e análise de trilha para aparência de batata.
Bragantia. 66: 381-388.
Suttle JC (2004) Physiological regulation of potato tuber
dormancy. Am J Potato Res. 81: 253-262.
Teixeira AL, Silva CA, Peixouto LS, Lepre AL (2010) Eficiência
na emergência e produtividade dos diferentes tipos de
batata-semente. Sci Agrar. 11(3): 215-220.
Urrea-Hernandez C, Almekinders CJM, Dam YK (2016)
Understanding perceptions of potato seed quality among
small-scale farmers in Peruvian highlands. NJAS-Wagen J
Life Sci. 76: 21-28.

286

