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ABSTRACT

The species Hymenaea courbaril L., presents economic potential in the
commercialization of its sap and in the wood industry of the Amazon Forest, as well as
high importance for popular medicine and civil construction. Therefore, this work
evaluated the performance of seedlings after ultrasound application on Hymenaea
courbaril L seeds. In the experiment, two temperatures of 30 °C and 35 °C were used
and four groups with four replications of 25 seeds each, being one the control group
and three groups with ultrasound application at a frequency of 3 MHz, intensity of 2
W/cm?2 for 2 minutes (T2), 3 minutes (T3) and 4 minutes (T4). The variables of length
and mass of shoots and roots (dry and fresh) were evaluated. According to the results,
there was a significant reduction in root fresh mass and a significant increase in shoot
fresh mass between the 3- and 4-minutes treatments compared to the control group.
However, no significant change was noticed for dry mass. This fact suggested a
change in the degree of water absorption, requiring further studies using other
parameters.
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INTRODUCTION

Hymenaea courbaril L., belongs to the leguminous family (Fabaceae-
Caesalpinioideae) and is popularly known as Jutai-acu, jatoba do mato, jutai or jatob&a
(1). The plant has economic potential in the commercialization of its sap, mainly due
to the valuation of the logging company in the Amazon (2). It also has value in folk
medicine, civil construction, among others (3), and is widely used in planting seedlings
for reforestation and restoration of degraded areas (4).

The average weight of the fruit is 80 g, containing 4 to 8 seeds (3), having a low
germination rate due to its integumentary dormancy (1). For commercial production,
there is a need to carry out different methods to overcome the dormancy of these
seeds, such as mechanical scarification, incisions in the tegument, exposure to high

temperatures and chemical scarification using strong acids (5).

In general, the methods used to test the performance of seedlings seek to
reproduce the conditions that occur in the field, and the most studied parameters are
root length, shoot height, collar diameter, fresh matter mass and dried from shoots and
roots (6). Vigor tests based on seedling performance are the most important when it
comes to analyzing seed quality, considering that deterioration is related to loss of

vigor (7).

For Venancio (2020) ultrasound applications facilitate the germination process
and the initial growth of seedlings (8). The technique of applying ultrasound to seeds
and checking the performance of seedlings in several species has been widely
investigated. The mechanical effects caused by small oscillations of the medium
particles due to the propagation of ultrasound waves through the tissues lead to a
probable rupture of the cell wall of the plants, increasing the absorption of water (9)
and nutrients (10). On the other hand, frequency, intensity, and time of application must

be specific to avoid damage or even death of seedlings (8).

In this sense, more studies on the application of ultrasound in seeds should be
carried out evaluating different frequencies and intensities at different times. It should
be noted that the application of ultrasound reduces handling and the risk of
contamination by impurities when compared to traditional techniques (11). Given the
above, this work sought to evaluate the performance of seedlings after the application
of ultrasound in seeds of Hymenaea courbaril L.
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MATERIAL AND METHODS

The experiment was carried out between August 2020 and January 2021, at
the facilities of the Bionorte Network Laboratory Complex (Nanobiotechnology
Laboratory) and the seeds of Hymenaea courbaril L. were collected from four mother
trees that vegetate in the Zoobotanic Park (10 °12°14.1°S; 67°42°18.3" W) belonging
to the Federal University of Acre - UFAC, in the city of Rio Branco - Acre.

After collection, the seeds were immediately washed with running water to
remove the mucilage and, with the help of a magnifying glass with a 4x magnification,
the damaged ones were discarded. Then, they were placed to dry for 24 hours on
paper towels at a temperature of 25° C on a bench. For the sanitary analysis of the
seeds, the test on filter paper (blotter-test) was used, where they were uniformly
distributed with the aid of flambéed tweezers, in a group of 20 units on a gerbox-type
mini-chamber on two sheets of germitest® paper sterilized at 105 £3°C for two hours,
according to Costa (2015) (1).

Then, they were hydrated with distilled water at 3x the mass of the non-
hydrated paper and kept in the B.O.D. (Biochemical Oxygen Demand) with a
temperature of 25 + 3 °C and a photoperiod of 12 hours for 24 hours, to allow analysis
of fungal growth. At the end of the period, each gerbox was transferred to 10 °C and
remained there for 24 hours. At the end of the procedure, each gerbox was incubated
again in the B.O.D. for seven days with the same regime (25 £ 3° C). After that time,
the seeds were individually examined under an optical microscope, counting, and
separating those with occurrence of fungal fruiting bodies.

Finally, the experimental treatment used was completely randomized (DIC —
Completely Random Design) in a 2x4 factorial scheme (two temperatures of 30 °C and
35 °C and four groups with four replications of 25 seeds each). The groups were: GC-
Control group (intact seeds), and three other groups applying ultrasound at a frequency
of 3 MHz, intensity of 2 W/cm? and exposure time for 2 minutes (T2), 3 minutes (T3)
and 4 minutes (T4).

After applying the ultrasound, the seeds of each group were distributed over two
sheets of germitest® paper covered with a third sheet and made in the form of a roll
moistened with distilled water in a proportion of 2.5 times the mass of the non-hydrated
paper. The rolls were placed in plastic bags in an upright position and kept in the B.O.D.
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at two temperatures (30°C and 35°C) with a photoperiod of 12 hours (4 daylight
fluorescent lamps of 15 W each) and relative humidity of 100% for a period of 60 days.

After germination (primary root protrusion) in the incubator, the seeds were
transported to the greenhouse. Plastic trays with moistened sand and sterilized in a
vertical autoclave (120 °C and 1 atm for 1 h) were used to transplant the seeds at a
depth of 2 cm, irrigated three times a week. The number of emerged seedlings and the
monitoring of their development were computed daily until their stabilization (60 days)
(Figure 1a).

The performance test was carried out, randomly selecting 10 (ten) seedlings
from each repetition (separated from the cotyledons) and quantifying the shoot (cut
with scissors) and the root system (between the mesocotyl and the terminal portion of
the main root), evaluating the mass (g) and length (cm) in fresh mass (root and aerial
part). Subsequently, the same parameters were evaluated in dry mass of each
seedling, placing the seeds individually in properly identified Kraft paper bags and
taking them to an oven with forced air circulation at 65°C for 48 hours, until constant
mass. The mass results were expressed in grams per seedling according to Carvalho
(2000) (6) using a precision scale (0.001 g) and the length results expressed in
centimeters per seedling using the ImageJ® software (Figure 1).

The data were submitted to analyzes of normality of the residues by the Shapiro
Wilk test of the homogeneity of the variances by the Barlett test (1937) (12), analysis
of variance (F Test) and test of comparison of means by the Tukey test (p< 0.05). All

analyzes were performed using the free software RStudio.
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Source: Author, UFAC, Rio Branco, AC, 2021.

Figure 1 — Seedling performance analysis process: a) Seedling that received ultrasound
treatment in plastic containers and sand as substrate 60 days after sowing. b) Seedling
performance evaluation process using ImageJ® software.

RESULTS AND DISCUSSIONS

According to the results, there was no significant difference (p>0.05) between
the evaluated treatments for most of the analyzed parameters. The highest value for
the Length of Fresh Matter Root (LFMR) can be observed in the control group with
8.09 + 0.11 cm at 30 °C and for the Length of Dry Matter Root (LDMR) (5, 88 + 0.06
cm) in the T3 group (3 minutes) at 35 °C (Table 1), however, without significant
differences.

The Length of the Aerial Part of the Fresh Mass (LAPFM) presents an average
of 17.29 + 0.08 cm (30 °C) in the control group and the average Length of the Aerial
Part of the Dry Mass (LAPDM) showed the highest mean (5.43 £ 0.02 cm) for T4 (4

minutes) at 35 °C, again, without significant differences (Table 2).
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Table 1: Mean values for the parameters: Length of Fresh Mass Root (LFMR) and Length of

Dry Mass Root (LDMR) as a function of temperature and time of ultrasound application.

Groups LFMR (cm) LDMR (cm)

(Time) 30°C 35°C 30°C 35°C
Control 8.09+0.11aA 718+0.12aA 515+0.13aA 555+0.16a A
2 minutes 7.42+0.17aA 7.18+0.06aA 549+021aA 571+0.13aA
3 minutes 7.54+0.08aA 748+0.10aA 569+0.04aA 5.88+0.06 a A
4 minutes 7.70+£0.15a A 7.73+£0.10aA 544+0.16aA 563+0.11aA

Uppercase letters in rows (for temperature) and lowercase letters in columns (for time) do not

differ from each other by Tukey's test at 5% probability of error.

Table 2: Mean values for the parameters Length of the Aerial Part of the Fresh Mass (LAPFM)
and Length of the Aerial Part of the Dry Mass (LAPDM) as a function of the temperature and

time of ultrasound application.

Groups LAPFM (cm) LAPDM (cm)

(Tempo) 30°C 35°C 30°C 35°C
Control 17.29+£0.08 a A 16.21+£0.11a A 422+0.15aA 492+0.06aA
2 minutes 16.56 £ 0.06 a A 15.88£0.09a A 537+0.08aA 446+0.11aA
3 minutes 17.02+0.13aA 15.72+0.02a A 5.08+0.07a A 483+0.06aA
4 minutes 16.72+0.10a A 1595+ 0.05aA 491+0.13aA 543+0.02aA

Uppercase letters in rows (for temperature) and lowercase letters in columns (for time) do not

differ from each other by Tukey's test at 5% probability of error.

There was a statistical difference between the Fresh Mass of Root (FMR) with
0.89 = 05 g for the control treatment at 30 °C in relation to the treatments, but there

was not for the Dry Mass of Root (DMR) despite the higher raw value have been for

T3 (3 minutes) at 30 °C of 0.21 + 0.07 g (Table 3).

There was a significant difference in the Fresh Mass of Air Part parameter
(FMAP) for treatments T3 (3 minutes) with 4.38 £ 0.11 g and T4 (4 minutes) with 4.42
+ 0.06 g at 30 °C (Table 4). As for the Dry Mass of the Aerial Part (DMAP), there was
no significant difference between the treatments, with the T2 group (2 minutes) at 30

°C having the highest gross value (1.48 + 0.06 g) (Table 4).
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Table 3: Mean values for Fresh Mass of Root (FMR) and Dry Mass of Root (DMR) parameters

as a function of temperature and time of ultrasound application.

Groups FMR (g) DMR (g)
(Tempo) 30°C 35°C 30°C 35°C
Control 0.89+£0.05aA 0.68+0.06 aB 0.18+0.14a A 0.19+0.11aA
2 minutes 0.65+0.08b A 0.66 + 0.05a A 0.20+0.07a A 0.18+0.08 a A
3 minutes 0.67 +£0.08 ab A 0.76 £ 0.08 a A 0.21+0.07aA 0.19+0.03aA
4 minutes 0.70+0.13ab A 0.65+x0.05aA 0.18+0.11aA 0.18+0.11aA

Uppercase letters in rows (for temperature) and lowercase letters in columns (for time) do not

differ from each other by Tukey's test at 5% probability of error.

Table 4: Mean values referring to the parameters Fresh Mass of the Aerial Part (FMAP) and
Dry Mass of the Aerial Part (DMAP) as a function of the temperature and time of ultrasound

application.
Groups FMAP (g) DMAP (g9)
(Tempo) 30°C 35°C 30°C 35°C
Control 4,15+0,06 a A 4,37+0,11aB 1,42+0,12a A 1,39+0,11a A
2 minutes 4,24 +0,06 a A 4,47 +0,06 a A 1,48 £ 0,06 a A 1,29+0,14a A
3 minutes 4,38+0,11ab A 3,82+0,08aA 1,42+0,10a A 1,27+0,11aA
4 minutes 4,42 + 0,06 ab A 4,01+0,10a A 1,38+0,08a A 1,47+0,08aA

Uppercase letters in rows (for temperature) and lowercase letters in columns (for time) do not
differ from each other according to the Tukey test at 5% probability of error.

CONCLUSION

No significant differences were found between the evaluated treatments and the
control group for the parameter length, root, or aerial part, which allows making an
initial inference that the ultrasound technique applied to seeds of Hymenaea courbaril
L. at the frequency of 3 MHz with an intensity of 2 W/cmz in the application times
employed, did not favor the growth of seedlings in 60 days. However, there was a
significant reduction in root fresh mass and an increase in shoot fresh mass between
treatments of 3 and 4 minutes in relation to the control group. However, no significant
change was noticed for dry mass. This fact suggests a change in the degree of water

absorption, and further studies are needed to confirm this result.
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