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Abstract

Jenipapo (Genipa americana L. Rubiaceae) is a native species not endemic to Brazil and found in several biomes.
The objective of this work was to evaluate the emergence and growth of seedlings cultivated in different
substrates. Treatments were made of: T1 (fertilized soil), T2 (fertilized soil + coconut fiber), T3 (fertilized soil +
sand), T4 (sand + coconut fiber), T5 (bovine manure + coconut fiber), and T6 (bovine manure + sand). The
experiment consisted of a completely randomized design, with six treatments (substrates) and four replications of
25 seeds. The following variables were evaluated: first emergence count, percentage of emergence, emergence
speed index, seedling height, root length, stem diameter, number of leaves, relative chlorophyll content (SPAD),
leaf area, root dry matter, and shoot dry matter. The substrates T1 (fertilized soil), T2 (fertilized soil + coconut
fiber), T3 (fertilized soil + sand) and T6 (bovine manure + sand) were more efficient for jenipapo seedlings
production.
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1. Introduction

Jenipapo (Genipa americana L. Rubiaceae) is a fruitful species native to tropical America, with wide occurrence

in Brazil. Besides its nutritional and pharmaceutical relevance, the species presents ornamental potential. G.

americana can be used for the reforestation of urban areas due to its dense pyramidal crown with short branches

(Almeida et al., 2015), being highly recommended for the recovery of riparian forests. The fruit is rich in genipin,
a natural, low-toxic blue dye.

The cultivation is predominantly extractivist, revealing the need for the development of studies that address
cultivation and propagation forms. Works on substrate type are fundamental for seedlings germination and
establishment (Coelho et al., 2010). Despite the reports available in the literature on germinative behavior,
information about the mechanism and control of Genipa americana germination is still scarce (Queiroz et al.,
2012).

Validating a methodology for seeds of Brazilian forest species requires technological and scientific knowledge.
However, there is a bottleneck in relation to information about them. Usually, studies provide only the
percentage of germinated seeds, which hinders the official conversion of these methods into official US,
Canadian, and European rules (Santana et al., 2012). These studies may contribute to the development of
technologies to improve seedling production of fruit species native to Brazil.

Research on the seed technology of species native to Brazil is still incipient, and the Rules for Seed Analysis
(RSA) are limited in relation these species (Osipi et al., 2011). The study on seeds germination behavior and
native seedlings growth can contribute to improving the species propagation and conservation since little is
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known about these processes and they are usually disregarded during the planning and production (Abud et al.,
2009).

Seedling germination and growth are influenced by substrate quality. Factors such as aeration, structure, and
moisture retention capacity may vary between different substrates, favoring or impairing seed germination
(Moraes et al., 2007). Substrate porosity must be significant to allow an efficient gas exchange, benefiting root
respiration and microorganisms’ activity.

The choice of the best formulation and the reduction of seedling production costs have led to the study of
alternative substrates (Mesquita et al., 2011). The use of substrates composed of organic residues has intensified
in recent years, allowing improvements in the production of native Brazilian forest seedlings (Freitas et al.,
2014).

Jenipapo has a great potential to be explored; however, some bottlenecks, such as the lack of varieties and seeds
sensitivity to dehydration, with loss of viability in the short term, together with slow and uneven germination still
prevent its commercial exploitation (Magistrali et al., 2013).

The objective of this study was to evaluate the emergence and growth of jenipapo for 90 days under different
types of substrates.

2. Method

The experiment was carried out in a greenhouse located at Embrapa Coastal Tablelands, in Aracaju, Brazil.
Fruits were collected from native trees, located in the municipality of Araua, SE (11°15'22"S, 37°37'30"W, at 86
m asl.), stored in plastic bags, and taken to the Seed Analysis Laboratory of the institution. Fruits were pulped
using a small-hole mesh sieve. Seeds were washed in tap water for complete pulp removal and allowed to dry for
12 h at 25 °C. Afterward, seeds were subjected to treatments with different types of substrate (Table 1).

Table 1. Substrates used for seed germination and seedling growth of Genipa americana L.

Treatments Substrate components (1:1 ratio)
Tl Fertilized soil

T2 Fertilized soil + coconut fiber
T3 Fertilized soil + sand

T4 Sand + coconut fiber

T5 Bovine Manure + coconut fiber
T6 Bovine Manure + sand

All combinations of the substrates were determined by the ratio 1: 1. Sowing was performed at 1 cm depth, using
black polyethylene bags (20 cm % 15 cm). Irrigation was performed daily at 9 am and 4 pm. The following traits
were evaluated:

First emergence count: Corresponded to the accumulated percentage of normal plants, with values recorded at 15
days after experiment installation.

Percentage of emergence: Obtained according to the recommendations of the Rules for Seed Analysis (RSA)
(Brasil, 2009), under greenhouse conditions, at 3043 °C. The counts began at 15 days after experiment installation.
Percentage of emergence was measured at 90 days after sowing, with the emergence of the cotyledons on the
substrate, followed by the appearance of the hypocotyl.

Emergence speed index: Performed simultaneously to the emergence test, with daily counts at 8 a.m., from the
fifteenth day after the experiment installation. This index was calculated according to the formula ESI = E1/N1 +
E2/N2 + ... En/Nn, where, ESI = emergence speed index, E1, E2, and En = number of normal emerged plants,
computed in the first, second ... and last count, respectively; N1, N2, Nn = number of sowing days at the first,
second ... and last count, respectively (Maguire, 1962).

The following traits were measured at the end of the experiment, that is, at 90 days after sowing:

Seedling height: The distance between the soil and the apex of the plant, measured with the aid of a graduated
ruler (cm);

Root length: The full extent of roots, measured using a graduated ruler (cm);
Stem diameter: Measured by a digital caliper (SE® model 784EC, CA, USA), expressed in cm;
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Number of leaves: Determined by counting the leaves of each plant;
Leaf area: Measured using a leaf area meter (LI-COR LI3100C), expressed in dm?;

Leaf area ratio: Obtained by the relation between the leaf area and the total plant dry matter, expressed in dm?
gh

Relative chlorophyll content (SPAD): Determined using a chlorophyllometer (Minolta® Spad 502, Osaca, Japan),
in the center of the leaves, in ten leaves per each treatment replication;

Shoot and root dry matter: Obtained by drying shoots and roots in an oven at 80 °C for 24, weighing in analytical
scale, expressed in grams (Nakagawa, 1999).

The experiment consisted of a randomized blocks design, with four replications of 25 seeds, totaling 100 seeds
per treatment. Data were subjected to analysis of variance, and the means were compared by the Tukey’s test at
5% probability, using the SAS software.

3. Results and Discussion

The substrates presented significant differences for the first emergence count, percentage of emergence, and
emergence speed index (Table 2). T4 (sand + coconut fiber) obtained the best results for these variables, with
72% in the first count, 99% in the total of emerged plants, and an ESI of 1.49. However, T4 was not significant
in relation to T2 (soil fertilized + coconut fiber) for the percentage of emergence. Due to the lack of ideal
humidity and oxygenation conditions, treatments T1 (fertilized soil), T3 (fertilized soil + sand), and T6 (bovine
manure + sand) did not perform their maximum germination potential (Table 2).

Table 2. First emergence count (FEC%), percentage of emergence (PE%) and emergence speed index (ESI) of
jenipapo seeds subjected to different substrate compositions

Treatments FEC (%) PE (%) ESI (%)
T1 5¢ 40c 0.27d
T2 22b 86a 1.10b
T3 6¢ 61b 0.69¢
T4 72a 99a 1.49a
T5 17b 54b 0.77¢c
T6 4c 43¢ 0.47d
oo 1263 366 1159

Substrates composed of pure coconut fiber and coconut fiber mixed with sand resulted in higher emergence rates
in parica seeds (Schizolobium amazonicum Huber ex Ducke) (Gondin et al., 2015). In uvaia seeds (Eugenia
pyriformis), percentage of emergence and emergence speed index (ESI) were higher in seeds cultivated in
substrates containing organic compounds (Scalon & Jeromine, 2013). Conversely, in canafistula seeds
(Peltophorum dubium (Spreng.) Taubert), the highest percentage of plants emerged at the first count was
observed with the use of washed sand substrate (Alves et al., 2011). In Hancornia speciosa Gomes seeds, the
substrate containing organic compound resulted in a higher emergence speed index (Silva et al., 2009).

The satisfactory germinative behavior using T4 (sand + coconut fiber) and T2 (fertilized soil + coconut fiber)
(Table 2) may be related to the water retention capacity of the coconut fiber, which is an essential factor for seed
imbibition (Leal et al., 2016). Despite being poor in organic matter, sand may be advantageous for providing
rapid seedlings emergence and root development (Gondin et al., 2015).

Substrates composed of organic residues allow adequate water absorption capacity for seedlings emergence,
resulting in a greater uniformity of water availability for seeds (Aratjo & Paiva Sobrinho, 2011). The substrate
significantly influenced seedlings emergence and initial growth. Coconut fiber is a viable alternative for
seedlings production due to its easy handling, good water retention capacity, and light weight. In addition, this
substrate does not require irrigation (Carrijo et al., 2002).

Treatments significantly influenced seedlings growth, confirmed by the seedling height, stem diameter, number
of leaves, shoot dry matter, root dry matter, root length, and shoot length (Table 3). T6 (bovine manure + sand)
resulted in greater seedling height and stem diameter, corresponding to 12.94 cm and 4.07 mm, respectively.
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Table 3. Seedling height, stem diameter, root length, shoot dry matter, and root dry matter of jenipapo seedlings
subjected to different substrate compositions

Treatments Seedling height (cm)  Stem diameter (mm)  Root length (cm)  Shoot dry matter (g)  Root dry matter (g)
Tl 6.34 ¢ 4.04a 21.30b 795¢ 11.32b

T2 8.33b 391a 2584 a 10.87 b 1545 a

T3 6,10 ¢ 444 a 22.65b 7.90 ¢ 11.25b

T4 3.77d 1.97b 18.96 dc 532d 497c¢

T5 8.33b 337a 17.95 ed 5.42d 457c¢

T6 1294 a 4.07 a 20.64 cb 1245 a 1542 a

o 60s 1298 378 674 624

The positive effect of the substrate enriched with organic compounds may be related to the higher availability of
P, Ca, Mg, and K, besides the pH at favorable levels to plant development. In addition, substrates containing
organic compounds have adequate cation exchange capacity (CEC), influencing the nutritional status (Cunha et
al., 2006).

The lowest values observed in T4 (sand + coconut fiber) (Table 3) may be due to the reduction of nutrients in
this composition. Despite presenting good physical characteristics and being an option to improve the substrates
quality, coconut fiber must undergo the composting process. Otherwise, this material needs to be enriched with
pre-planting or fertigation nutrients when used as a substrate (Carrijo et al., 2002).

Morphological parameters are the most used to determine seedling quality standard due to their ease evaluation.
Seedling height and stem diameter are directly related to survival, establishment, and initial growth. Despite
being efficient, when it comes to native or non-domesticated species, these patterns have not been defined yet
(Oliveira et al., 2014). Vieria and Weber (2015) verified that jenipapo seedlings grown in substrates containing
different soil proportions + Basaplant ® presented stem diameter between 2.75 and 2.92 mm. In mangaba
seedlings (Hancornia speciosa Gomes), the substrate constituted by 14% bovine manure, 56% vegetal soil, 15%
coconut fiber, 15% sand, and 4 g dm™ of triple superphosphate provided greater growth and nutritional balance
(Dias et al., 2009). Moringa (Moringa oleifera Lam.) seedlings height presented higher values at a shorter
cultivation time with the use of 50.75% and 100% of organic matter (Rodrigues et al., 2016). Studies on
guapuruvu seedlings (Schizolobium parahyba Vell. Blake) indicated that substrates containing organic nutrient
source (earthworm humus) favored seedlings growth (Castro et al., 2014). In candeia seedlings (Eremanthus
erythropappus), the lowest growth rate was observed when bovine manure was used in the substrate composition
(Melo et al., 2014).

T2 (Table 3) stood out for root length, with 25.84 cm. This result might be related to the fact that the substrate
composition (fertilized soil + coconut fiber) contains a high organic matter content, and thus meets the
requirements of the plant, allowing good root development. The use of organic residues in substrates
composition can contribute to an adequate water retention capacity, good aeration, and a physical structure that
allows appropriate root growth (Silva et al., 2008). Mesquita et al. (2011) suggest that using coconut powder
with sand and/or manure does not minimize the actions of tannins and phenols. This fact was verified in T4 and
T5, which registered the lowest means, 18.96 and 17.96 cm, respectively. The use of coconut fiber + vegetal soil
(1: 3) in cassia-grande (Cassia grandis L.) seedlings provided the best results for this trait.

Shoot dry matter was high (12.45 g) in the T6 (bovine manure + sand); (Table 3). For root dry matter, T2
(fertilized soil + coconut fiber) and T6 (bovine manure + sand) did not differ between each other, resulting in
higher values, 15.42 g and 15.45 g, respectively (Table 3). T4 (sand + coconut fiber) and T5 (bovine manure +
coconut fiber) presented the lowest values for both shoot (5.32 and 5.42, respectively) and root dry matter (4.97
and 4.57, respectively). These values indicate the influence of the substrate on the plant development since the
increase of dry matter production is possibly related to the best physical and biological conditions of the
substrate. For the plant to have optimum growth and dry matter, the substrate must present ideal characteristics,
such as aeration, structure, and water retention capacity (Guedes et al., 2011).

For the species Parkia platycephala Benth, the substrate coconut powder did not favor root and shoot dry matter
(Silva et al., 2017). In jenipapo seedlings, Primo et al. (2013) verified higher root and shoot dry matter when
using the substrate tobacco stem + bovine manure.

Different substrates influenced the number of leaves, leaf area (LA), leaf area ratio, and relative chlorophyll
content (SPAD), highlighting the treatments T1 (fertilized soil), T2 (fertilized soil + coconut fiber), T3 (fertilized
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soil + sand), and T6 (bovine manure + sand) (Figure 1A, 1B, 1C, and 1D, respectively). Costa et al. (2005) stated
that bovine manure favored the greatest number of leaves in jenipapo seedlings.
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Figure 1. (A) Number of leaves; (B) Leaf area; (C) Leaf area ratio and (D) Relative chlorophyll content in
jenipapo seedlings subjected to different substrate compositions

Treatments with higher chlorophyll content might have provided satisfactory nitrogen amounts to jenipapo
seedlings. Hardin et al. (2012) found a positive correlation between SPAD index and total chlorophyll content in
pecan (Carya illinoinensis (Wang.) K. Koch]). In jenipapo-bravo (Tocoyena formosa (Cham. & Schitdl.), the
highest chlorophyll index was observed in plants grown in substrate containing poultry litter (Bonamigo et al.,
2016).

Studies on seedlings and plants management in the field are required to improve the jenipapo production system.
One way to facilitate the production and nursery establishment without the need for a complex infrastructure is
using alternative substrates available in the region, either in their pure form or in admixture with other materials.
Substrates such as pure fertilized soil, coconut fiber, bovine manure, and the mixture of these materials can be
used for jenipapo cultivation, reducing production costs.

4. Conclusion

The substrate fertilized soil (T1); fertilized soil + coconut fiber (T2); fertilized soil + sand (T3), and bovine

manure + sand (T6) can be used for jenipapo seedlings production without impairing seedlings growth.
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