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Abstract
Commercial propagation of pequizeiro, which stands out among the main native fruits of the Cerrado region
for its high economic potential, has been done by seeds, despite their erratic germination. The objective of
this study was to evaluate the effect of seed size and presence of thorns on the endocarp on seedling
emergence of pequizeiro in the field. Seeds were collected in a pequizeiro commercial area in Canarana-MT,
Brazil. Due to availability, 2,353 thorny seeds (3 sizes) and 106 seeds without thorns (medium sized) were
tested. Thorny seeds were classified as large – longer than 50 mm; medium – between 40 and 50 mm; small
– less than 40 mm. Seedling emergence started after 50 days in all seed categories, extending up to 100 days
in the large seeds and to about 1 year after sowing in the small and medium sized ones. Small seeds showed
a lower rate and speed of emergence compared to the others. Large seeds showed higher emergence speed
compared to the medium ones. The presence of thorns did not affect seedling emergence. These results
indicate the advantages of pequizeiro seed classification for sowing purposes.
Keywords: Emergence Speed. Germination. Seed Classification. Seed Dormancy.
1. Introduction
Pequizeiro is a fruit tree species largely distributed in the Brazilian tropical savanna biome (Cerrado),
with a diversity of uses. Santos et al. (2013) highlighted its economic and cultural importance, since the pequi
fruit pulp, in addition to cooking uses, stands out for its high oil content that can be used for therapeutic and
biofuel purposes. It is rich in vitamin A and proteins, and can be used for treatment of bronchitis, asthma,
and common colds, besides the antioxidant characteristics of the peel (Rocha et al. 2015). It can also be used
in cosmetics industry, such as soap production. The pequi peel can be used as animal fodder, and the flour
obtained from this part of the fruit can be included in quail diet (Oliveira et al. 2016). In addition, the peel
extract and the mesocarp have a nematicide effect on the root knot nematode (Meloidogyne javanica) in
tomato plants (Ribeiro et al. 2012).
The increasing demand for pequi fruits has led to the intensification of pequizeiro cultivation, which
demands the production of commercial plants. According to Maranho et al. (2013) there is a growing need
for the commercial production of native plants to supply the demand for the recovery of degraded areas
and conservation areas; however, these authors emphasize the lack of information on the propagation of
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these species. In addition, commercialization of these fruits can yield an extra profit during the harvest
season.
Pequizeiro plants are usually produced from seeds, despite their erratic germination rates, due in
part to the occurrence of dormancy mechanisms (Rocha 2009) and other causes, such as high lipid contents,
which are susceptible to peroxidation (rancification) processes, with negative effects on seed longevity. Lima
et al. (2007) observed that lipids are the major component in both seeds (51.5%) and mesocarp (33.4%).
Lipid peroxidation process (rancification) contributes to seed deterioration (Mendes 2015), thus reducing
seed longevity. These factors contribute to the low success in obtaining seedlings from seeds, which limits
the commercial expansion of this species.
Rocha (2009) described two mechanisms of dormancy in pequizeiro seeds – physical dormancy of
the endocarp and embryonic dormancy, which can be alleviated with gibberellic acid (GA3). This growth
regulator has been the main treatment in use to overcome pequizeiro seed dormancy (Carvalho et al. 1994).
Even so, the responses of pequizeiro seeds to GA3 are variable. Leão et al. (2012) observed average
germination percentages ranging from 5% to 57% with gibberellic acid (GA3) and from 3% to 56% without
it. The average period required for pequizeiro seedling emergence was 52 days in the presence and 59 days
in the absence of GA3, confirming its low effect. According to these authors, seedling emergence starts at
30 days after sowing, extending up to 128 days, probably due to seed dormancy mechanisms.
Germination depends on several factors, such as seed viability and vigor (physiological quality)
besides environmental factors. Seed size can also be correlated with physiological quality, since larger seeds
store more reserves, which generally results in more vigorous seedlings (Carvalho and Nakagawa 2012;
Geritz and Toivonen 2018). Silva et al. (2010) observed that smaller seeds of jackfruit (Artocarpus
heterophyllus Lam.) resulted in lower seedling emergence rates compared to the larger ones. In contrast,
Nietsche et al. (2004) did not find significant effects of seed size on emergence rates of cagaita (Eugenia
dysenterica) seedlings; however, larger seeds germinated faster than the small ones.
There is evidence about the occurrence of germination inhibitors in the endocarp and thorns of
pequizeiro. Melo and Gonçalves (2001) observed a reduction in the speed of seed germination on lettuce
(Lactiva sativa L.) in the presence of aqueous thorns and endocarp extract of pequi. The removal of these
structures, however, can cause mechanical damage to the seeds, due to the rigidity of the endocarp
combined with the fragility of the seed.
The objective of the present study is to evaluate the effects of pequizeiro seed size and the presence
of thorns on seedling emergence in the field.
2. Material and Methods
Pequizeiro fruits were collected on November 10, 2018, from planted matrices of about 20 years old,
in the region of Canarana/MT. Ripe fruits were manually collected on the ground, separately from matrices
containing or not thorns on the endocarp. In order to avoid possible effects of the genotype on seedling
emergence, fruits of different matrices were mixed for homogenization purposes and transported in
polypropylene bags to Fazenda Água Limpa (Universidade de Brasília), in Brasília/DF.
Two days after collection, the fruits were cut and the exocarp (peel) discarded. In order to remove
the mesocarp, putamens (endocarp containing seed and mesocarp, hereafter referred to as seeds) were
naturally fermented openly in a warehouse for four days, at environmental temperatures (Melo and
Gonçalves 2001). The seeds were then shaken in a concrete mixer, along with sand, gravel, and water, for
35 minutes, to separate the fermented mesocarp from the endocarp. Seeds were then washed over a sieve,
until the complete removal of sand, gravel and the remainings of mesocarp and dried out for 3 days in a
warehouse (Melo and Gonçalves 2001).
Damaged seeds (rotten, perforated, dark) were discarded, and the rest were treated with 500 grams
of Orthocide 500 (Captan) per 40 kg of seeds, to prevent fungi incidence. Seed average mass, regardless the
presence of thorns or classification, evaluated in eight replicates of 100 seeds, was 18.5 grams. Thorny seeds
were classified in three sizes: large – more than 50 mm length (56 seeds), medium – between 40- and 50mm length (1,147 seeds) and small – less than 40 mm (1,150 seeds), using an amount of 2,353 seeds. One
hundred and six seeds without thorns (all medium sized, due to the absence of other sizes in this lot) were
also tested.
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The classified seeds were sown on November 20, 2018, in a 1-meter width seedbed containing 50%
sand and 50% subsoil (red latosoil collected at 20-40 cm layer), in 7 cm depth furrows spaced 20 cm apart.
Seeds were arranged in an upright position with the epicotyl facing upwards and the radicle downwards, in
a density of 20 medium or large seeds and 25 small seeds per linear meter. The seeds were covered with a
2 to 3 cm sand/subsoil (1:1) layer mixture and the seedbed with dry straw, to reduce direct sunlight,
evaporation and weed development. The seedbed was irrigated throughout the experimental period, as
needed, by sprinklers. Manual weed control was undertaken every 15 days.
Seedling emergence was evaluated on a weekly basis, from January 07, 2019, when emergence begun
and transplanted to 20 x 35 cm perforated plastic bags. The percentage of accumulated seedling emergence,
in relation to the total sown (observed), and the accumulated seedling emergence in relation to the total of
seedlings emerged (relative) were evaluated, using polynomial regression with each respective equation, for
all seed categories. Thirty days after the end of the seedling emergence period, 20 large seeds, 100 medium
seeds and 100 small seeds were exhumed from the soil in order to observe if their tissues were still fresh or
rotten.
3. Results and Discussion
Pequizeiro seeds showed slow initial germination, as seedling emergence started about 50 days after
sowing in field conditions of the present experiment (Figure 1). This period is longer than the 35 days
observed by Silva and Leonel (2017) and the 30 days observed by Leão et al. (2012) for the beginning of
germination of pequizeiro seeds, probably due to different environmental conditions or seed dormancy. At
least two dormancy mechanisms have been attributed to pequizeiro seeds - mechanical restriction of the
endocarp and physiological embryonic dormancy (Rocha 2009).
At 100 days after sowing, the relative emergence reached 100% in the large seeds (over 50 mm
length), while at this moment the relative emergence was around 60% in the medium and small seeds (up
to 50 mm length) (Figure 1). In these seeds, emergence extended until about 1 year after sowing (Figure 1).
Similar results were obtained by Leão et al. (2012), who observed the emergence of pequizeiro seedlings up
to 128 days after seed sowing.
In addition to the long germination period, germination process was also dependent on seed size
(Figure 1). The results of the present study show that the size of pequizeiro seeds is inversely proportional
to the time necessary for seedling emergence. Wagner Júnior et al. (2011) also observed that larger seeds
showed higher germination and seedling emergence rates compared to the smaller ones in Jabuticaba
Sabará (Myrciaria jaboticaba (Vell.) O. Berg) and in Jabuticaba de Cabinho (M. peruviana var. trunciflora)
seeds. In contrast, Nietsche et al. (2004) did not observe significant effect of seed size on seedling emergence
rate of cagaita (Eugenia dysenterica) – a native Cerrado fruit – but also concluded that bigger seeds entail
faster seedling emergence. For Pereira et al. (2011), the influence of seed mass on germination and vigor
can be relative, varying between species and regions.
Seed size also affected the final seedling emergence percentage, once the accumulated emergence
in small seeds was about 20% after one year (Figure 1), whereas in medium and large ones (> 40 mm length)
the accumulated emergence exceeded 30%. These emergency rates agree with the results obtained by Leão
et al. (2012), who observed germination rates varying from 3% to 56% in pequizeiro seeds.
The presence of thorns in the endocarp did not affect seedling emergence. The observed and relative
accumulated emergence of medium seeds (40 to 50 mm length) with or without thorns were similar (Figure
1). In contrast, Melo and Gonçalves (2001) observed a decrease in germination speed of lettuce seeds
(Lactuca sativa L.) in the presence of aqueous thorn and endocarp extract of the pequi fruits, which denotes
the presence of germination inhibitors in these structures.
All the seeds retrieved from the soil thirty days after the end of the seedling emergence period (20
large, 100 medium and 100 small size) were rotten and smelly, which indicates that non-germinated seeds
were non-viable at the end of the experiment.
These results demonstrate the importance of seed classification by size on pequizeiro. In order to
improve rate and speed of emergence, small seeds (less than 40 mm length, in the studied accesses) should
be discarded. Medium and large seeds (more than 40 mm) have similar final emergence, but large seeds
(more than 50 mm length) germinate faster (up to 100 days after sowing). Apparently, in this species there
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is a direct correlation between the amount of reserve in the seeds and the rate and speed of emergence
and, consequently, in seed vigor. Thus, large seeds are the most suitable for sowing purposes.

Figure 1. Observed (♦, Oe) and relative (●, Re) emergence of pequizeiro seedlings over time after sowing
for: A – small seeds (smaller than 40 mm); B – medium seeds (40 to 50 mm); C – large seeds (above 50
mm); and D – seeds without thorns (medium size).
4. Conclusions
Seedling emergence is a slow process in pequizeiro, taking up to a year for medium and small seeds.
Seed (putamen) size affects rate and speed of seedling emergence. Small seeds (smaller than 40 mm
length, in the studied accesses) should be discarded since they generate smaller rate and speed of seedling
emergence. Medium and large seeds (longer than 40 mm) imply higher seedling emergence rates, and large
seeds (from 50 mm length) generate also higher emergence speed.
The presence of thorns in the pequizeiro seeds does not affect rate and speed of seedling emergence.
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