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A viable alternative for the final disposal of Cocos nucifera L. waste is its use in the production of substrates
to grow seedlings of vegetal species. We carried out an experiment at the Federal Institute of Ceara, Quixada
campus, to assess the technical viability of this alternative. During the experiment, seedlings of Caatinga
species (Libidibia ferrea, Cenostigma pyramidale, and Amburana cearenses) were planted in the following
treatments: TO - 70% soil + 30% bovine manure, T1 - 70% soil + 20% bovine manure + 10% coconut powder,
and T2 - 70% soil + 20% bovine manure + 10% coconut fiber. In each treatment, we used ten seedlings per
species, in a completely randomized design. First, we calculated the percentage of emergence, then, monthly,
we measured the height and diameter of seedlings. After four months of the experiment, we analyzed the
investment in morphometric characteristics. The use of coconut waste favored the emergence percentage of
L. ferrea and C. pyramidale, but not A. cearenses. The presence of coconut powder provided an increase in
maximum height and diameter, primary root length, wood density, and dry matter content in L. ferrea
seedlings, and a higher dry matter content in the wood and secondary roots of C. pyramidale seedlings. Thus,
we concluded that the use of coconut waste, mainly powder, has positive or neutral effects on the growth of
L. ferrea and C. pyramidale seedlings, besides being an environmentally suitable alternative for the final

disposal of this material.
Keywords: seedling quality, solid waste, reforestation

Uma alternativa vidvel para destinacdo final seja o uso de seus residuos na formulagdo de substratos para
producdo de mudas de espécies da caatinga. Para avaliar a viabilidade técnica da alternativa foi realizado um
experimento no Instituto Federal do Ceara, campus Quixada, no qual mudas de Libidibia ferrea, Cenostigma
pyramidale e Amburana cearenses foram plantadas nos seguintes tratamentos: TO - 70% solo + 30% esterco
bovino, T1 - 70% solo + 20% esterco bovino + 10% p6 de coco e T2 - 70% solo + 20% esterco bovino +
10% fibra de coco. Em cada tratamento foram utilizados 10 mudas por espécie, sendo o delineamento
experimental inteiramente casualizado. Inicialmente foi calculada a porcentagem de emergéncia e em
seguida, mensalmente, foram medidos altura e didmetro das mudas. Ap6s quatro meses de experimento foi
realizada a andlise do investimento em caracteristicas funcionais. O uso dos residuos favoreceu a
porcentagem de emergéncia de L. ferrea e C. pyramidale, mas ndo favoreceu de A. cearenses. A presenga do
p6 de coco proporcionou maior investimento em altura e didmetro maximos, comprimento da raiz primaria,
densidade da madeira e teor de matéria seca da madeira em mudas de L. ferrea, e de maior teor de matéria
seca da madeira e das raizes secundarias em mudas de C. pyramidale. Deste modo, conclui-se que o uso dos
residuos, principalmente o po, causa efeitos positivos ou neutros na producido de mudas de L. ferrea e C.

pyramidale, além de ser uma alternativa de destinag@o final ambientalmente adequada para eles.
Palavras-chave: qualidade de mudas, residuos solidos, reflorestamento

1. INTRODUCTION

The management of sanitation services has been taken into account in environmental
performance assessments, especially regarding solid waste, as its improper disposal causes major
environmental problems, such as greenhouse gas emissions, bad smell, and contamination of water
and soil [1]. The coconut (Cocos nucifera L.) is a crop whose production, processing and
consumption network is a waste generator of waste that needs to be discarded. This plant is
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widespread in almost all continents due to its high adaptability, where it is widely cultivated and
traded [2], leading to the urgent need for an environmentally appropriate destination of the
produced wastes.

Brazil has increased its participation in the world ranking of coconut production, going from the
10" position in the 1990s [2] to the 5 position in the 2018 [3]. Still in 2018, approximately 2.34
million tons are produced over 216 thousand ha across the country. Besides, Brazil has the highest
productivity among producing countries [3]. The third-largest producer state in Brazil, Ceard, is
responsible for approximately 186,732 thousand fruits in a cultivated area of 38,965 ha [4]. After
consumption, 85% of the coconut becomes waste, which turns into a serious problem, as the
accumulation of this material creates difficulties in health management [5]. In addition, Martins et
al. (2016) [6] point out that because coconut shells are organic, they release methane during
decomposition when deposited in landfills.

Due to the accumulation of this waste, the scientific community has been searching for
alternatives for its use [7]. Bhatnagar et al. (2010) [8] presented the importance of coconut shells
in water treatment, through a bibliographic review, in which biosorbents produced from coconut
shells showed good potential for removing water pollutants. Freitas, Nogueira and Farinas (2019)
[9] assessed the use of coconut shell activated carbon (CSAC) as an alternative adsorbent to
improve the efficiency of alcoholic fermentation processes in biorefineries. Their results showed
that CSAC increased the process efficiency, proving to be a high capacity and selective adsorbent.

The use of the coconut shell’s fiber and powder as an agricultural substrate is another alternative,
as they have optimal levels of porosity and absorption, favoring the physiological activity of roots
[10]. Many of their properties remain active for long periods [6] due to the high percentage of lignin
and cellulose, which, besides providing physical resistance, has resistance to fungi, and acts as a
thermal insulator [11]. In addition, the levels of potassium, calcium, and nitrogen present in the
coconut shell can contribute to the fertilization of crops [12]. Mattos et al. (2011) [12] also states
that the liquid of green coconut shells can be used in the fertilization of crops, as it is a potassium
source, and in fertigation, mainly of crops more tolerant to high salinity.

From this perspective, the use of coconut waste has brought good results. Carrijo, Liz and
Makishima (2020) [13] and Oliveira et al. (2019) [14] studied coconut fiber and powder,
respectively, with superior results in commercial tomato production, reflecting in a ton more
commercial fruit in three years of assessment, as well as good results in the tomato root system.
Oliveira, Hernandez and Assis Janior (2008) [15] achieved a better result during the early
development of the eggplant, with a substrate made of coconut powder, followed by a commercial
non-fertilized substrate (Bioplant).

Besides evaluating the productivity of crops, the number of studies assessing the use of these
wastes in the production of forest seedlings has increased in recent years [16, 17, 18, 19, 20].
Simdes, Silva and Silva (2012) [16] obtained better quality of the root system and development of
seedlings of Eucalyptus grandis Hill ex Maiden and Eucalyptus urophylla ST Blake using
substrates produced with carbonized rice husk and coconut fiber, and vermiculite and coconut fiber,
in the proportion 1: 1. Brito et al. (2018) [19] produced better quality Schinopsis brasiliensis Engler
seedlings when planted with coconut powder substrate in association with controlled-release
fertilizer. Gomes and Freire (2019) [20] stated that coconut powder could be used in the
composition of substrates for the growth of Cedrela fissilis L. seedlings, in addition to soil and
bovine manure.

However, despite the need to produce seedlings of native species and the problem of
accumulation of residues from coconut, it is clear that are few studies with tree species of the
caatinga, addressing this issue. Thus, given the need for an appropriate destination for the waste,
as well as the knowledge that coconut fibers and powder are good substrate for agricultural and
forestry production, this work aimed to evaluate the efficiency of different substrates in quality of
seedlings of native species of the caatinga, grown in a nursery.
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2. METHODS

2.1 Experiment design

The present study was carried out in a plant nursery, with a 50% U.V. rays retaining cover,
located at the Federal Institute of Education, Science, and Technology of Ceara (IFCE), Quixada
Campus. The climate in the region of Quixada is tropical hot semi-arid, with temperatures ranging
from 26 to 28 °C, annual rainfall of 838.1 mm, with rains between February and April, and relative
humidity around 65%. The dominant vegetation is the shrubby caatinga [21].

We used 24x18 cm bags filled with 1 kg of the substrate to prepare the experiment and sowed
three seeds per bag. The substrate was composed of soil, bovine manure, and coconut waste, with
different compositions, in three different treatments: TO (70% soil + 30% bovine manure), T1 (70%
soil + 20% bovine manure + 10% coconut powder), and T2 (70% soil + 20% bovine manure + 10%
coconut fiber). The soil used was collected at the Campus and is of the dystrophic red-yellow
Argisol type. The coconut fiber and powder were obtained by shredding and grinding of the
mesocarp, as described by Carrijo, Liz and Makishima (2020) [13], the fiber was acquired from the
Cascais Agroindistria company and the powder from the local agricultural trade. The experimental
design was completely randomized, with three treatments and ten repetitions for each treatment, so
that 30 seedlings were produced for each species.

In the experiment, we used seeds from the species Cenostigma pyramidale (Tul.) Ganon &
G.P.Lewis (locally known as “Catingueira”), Libidibia ferrea (Mart. ex Tul.) L.P. Queiroz (locally
known as “Juca”), and Amburana cearensis (Allemao) A.C. Sm (locally known as “Cumart”). We
chose these species because they are native to the caatinga, have high importance in the ecosystem,
and are widely used in reforestation programs.

2.2 Collection and data analysis

During the entire experimental period (four months), we irrigated seedlings daily and measured
height and diameter monthly, using a simple measuring tape and a digital caliper, respectively, to
assess growth.

During the first measurement, one month after sowing, we counted how many seedlings had
emerged in each bag and carried out thinning, keeping one plant per bag. In the last month, we
counted how many seedlings survived and measured their maximum height and diameter. The
calculation of the relative growth rate in height and diameter followed Benincasa (2003) [22].

After four months, ending the experiment, seedlings were destroyed to collect data on
morphometric characteristics above and below the ground. Morphometric analyses followed the
protocol proposed by Pérez-Harguindeguy et al. (2013) [23].

We counted the leaves of each seedling and removed six of them, with medium sizes, chosen
along the seedling stem. Whenever the plant had a lower number of leaves, we used all available
ones. We calculated the leaf area with the image software Image-Pro Plus that expresses the leaf
area (in cm?) scanned while still fresh. We calculated the dry matter content in leaves, which
corresponds to the dry weight (g) divided by the water-saturated weight (g), expressed in g/g, using
an analytical scale. First, we weighed leaves still moist to obtain the fresh weight, then, placed the
material in the oven at 60 °C for 72 h and obtained the dry weight. Next, we divided the leaf area
by the dry weight to obtain the specific leaf area.

To study roots, we placed them in a fine-mesh sieve (0.2 mm) and washed them under running
water, until they were free from dirt, which we also removed using a soft brush or fine tweezers.
Next, we separated the primary and secondary roots. We used a graduated ruler to determine the
vertical length of the primary root, measuring from the surface to where the roots penetrated the
soil. We weighed primary and secondary roots, still moist, to obtain the fresh weight (g). After this
procedure, we placed both roots in an oven at 60 °C for 72 h to obtain the dry weight. The dry
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matter content is the ratio between the dry weight (mg) of roots (primary or secondary) divided by
the water-saturated weight (g), expressed in mg.g.

We obtained the density and dry matter content of the wood by collecting a piece of the plant’s
stem, approximately 3 cm long. In the laboratory, we weighed fresh samples and immersed them
in a container with water for five days to rehydrate until they reached the saturation point necessary
for measurement. Next, each piece remained resting outside the container for 5 minutes to drain the
excess of water from the saturation. Then, they were measured and immersed in another container
with water to determine their volume, based on the displacement of the liquid caused by the
immersion of the piece. After that, we placed the pieces in an oven at 60 °C for 72 h to obtain the
dry weight. Finally, we calculated wood density as the ratio between dry weight and water volume
(expressed in mg mm) and wood dry matter content as the stem dry weight divided by the water-
saturated weight (expressed in mg.g?).

To analyze the influence of coconut waste on growth and morphometric characteristics of the
species, we calculated arithmetic mean for each seedling and each parameter with more than one
measurement. The data were submitted to the Shapiro-Wilk normality test. Data with a normal
distribution (p > 0.05) were subjected to an analysis of variance (ANOVA), followed by the Scott-
Knott test, when ANOVA showed differences between treatments with a significance level of 0.05.
Data without a normal distribution (p < 0.05) were submitted to the Kruskal Wallis test and, when
there were significant differences (p < 0.05), the means were compared using the Mann Whitney
test.

To determine the relationships between pairs of morphometric characteristics, and the different
investments in these characteristics, the values obtained for each seedling were used as points and
submitted to correlation analyses, to identify significant ones according to Pearson’s coefficient (p
< 0.05). Statistical analyses were carried out in the SPSS V25.0 software.

Table 1 shows the list of treatments and characteristics collected in the present study, as well as
their units of measurement and abbreviations used in the text.

Table 1: List of abbreviations used in the study and their units of measurement.

Abbreviations Name Unit
TO 70% soil + 30% bovine manure
T1 70% soil + 20% bovine manure + 10% coconut powder
T2 70% soil + 20% bovine manure + 10% coconut fiber
NuL Number of Leaves
MHM Maximum Height Mean cm
FiH Final Height cm
RGH Relative Growth in Height cm.d?
MDM Maximum Diameter Mean mm
FiD Final Diameter mm
RGD Relative Growth in Diameter mm.d*!
PRL Primary Root Length cm
SLA Specific Leaf Area cmz.g?
LDMC Leaf Dry Matter Content g.g*
PRDMC Primary Root Dry Matter Content g.g*
SRDMC Secondary Root Dry Matter Content g.gt
WDMC Wood Dry Matter Content g.9*
WD Wood Density g.cm?
PE Percentage of Emergence %
3. RESULTS

The percentage of emergence of the seeds sowed in the present study partially corroborated what
we expected. The species Libidibia ferrea and Cenostigma pyramidale showed a higher percentage
of emergence in the presence of alternative substrate components. All planted seeds (30) of these
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two species emerged in the presence of coconut fiber. The treatment using coconut powder was
83.3% of emerged seedlings of C. pyramidale and 100% of L. ferrea. The presence of coconut
waste did not favor the emergence of Amburana cearensis (Allemao) A.C.Sm, which obtained the
lowest percentage of emergence, only 10% for T1 and T2 (Table 2). Due to the low emergence of
A. cearensis, it was not possible to obtain growth results and morphometric characteristics for this
species.

The presence of coconut powder favored the investment in height and diameter of L. ferrea
seedlings. In this treatment, the species showed individuals with higher means of maximum
diameters and maximum heights. For C. pyramidale, no treatment was statistically superior to the
other in these aspects (Table 2).

Table 2: Percentage of emergence, and diameter and height data found for the species Cenostigma
pyramidale, Libidibia ferrea and Amburana cearensis in different treatments. Legend: TO (treatment with
70% soil + 30% bovine manure), T1 (treatment with 70% soil + 20% bovine manure + 10% coconut powder),
T2 (treatment with 70% soil + 20% bovine manure + 10% coconut fiber), PE (Percentage of Emergence),
MDM (Maximum Diameter Mean), RGD (Relative Growth in Diameter), MHM (Maximum Height Mean),
and RGH (Relative Growth in Height). Treatments with the same letter showed no significant difference from
each other (p > 0.05).

Species Treatments PE MDM RGD MHM RGH
Cenostigma TO 33.3¢ 3.64*  0.0099% 21.62 0.0107?
pyramidale T1 83.3" 3.59%  0.0087? 23.6° 0.00672
T2 1002 3.37¢  0.0101° 17.0° 0.01232
TO 43.3° 3.69°  0.01592 75.2° 0.02422
Libidibia ferrea T1 1002 591 0.01778  103.4* 0.0197°
T2 1002 4.76°  0.0173° 60.6° 0.0238?
TO 602 - - - -
Amburana cearensis T1 10° - - - -
T2 10° - - - -

When sowed with coconut powder, L. ferrea showed higher wood density (0.742 g.cm™), wood
dry matter content (0.7291g.g%), and primary root length (34 cm). On average, the primary roots
of L. ferrea seedlings were at least 19 cm longer in T1 in comparison to other treatments. Coconut
powder also favored the development of C. pyramidale seedlings, as they showed higher levels of
dry matter content in secondary roots (0.49679.97!) and wood (0.4502g.gt). However, seedlings
produced a lower number of leaves in the same treatment. In addition, both species achieved the
largest specific leaf areas when planted without coconut waste (Table 3).

Regarding the differential investment in plant organs, we observed that in L. ferrea seedlings
planted with coconut fiber (Table 4), taller plants had more leaves, and the largest diameters
occurred in plants with higher growth in diameter. When the seedlings were planted with coconut
powder (Table 5), diameter and height characteristics were positively related. As the final heights
increased, the growth in height, the final diameters, and the growth in diameter also increased. In
addition, the more seedlings grew in height, the greater the final diameters and the growth in
diameter. However, the characteristics related to the diameter (FiD and RGD) were negatively
related to the specific leaf area (SLA). In the control treatment (Table 6), seedlings with higher
heights showed more leaves and higher levels of dry matter content in secondary roots. In this
treatment, we observed that the number of leaves was negatively related to the amount of dry matter
contained in them. The investment in wood (WD and WDMC) and root tissues (PRDMC) was
positively related, but, in contrast, there was less investment in SLA and Primary Root Length
(PRL).

When sowed with coconut fiber (Table 4), C. pyramidale showed height characteristics (FiH and
RGH) positively related to diameter characteristics (FiD and RGD). However, when analyzing
other relationships, we noticed that growth was not accompanied by a gain in dry matter, because
as the final height increased, there was a reduction in SLA, a pattern also observed in the
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relationships between RGH and WD, FiD and SLA, and FiD and SRDMC. It is worth highlighting
that the characteristics indicating investment in tissue quality were positively related (SLA and
PRDMC/SRDMC, PRDMC and SRDMC, WD and WDMC). When we used coconut powder as a
substrate (Table 5), the C. pyramidale seedlings that showed more leaves also showed higher final
heights, PRDMC, WDMC, and WD. Higher heights were accompanied by greater growth in height,
but growth resulted in lower SLA. There was a strong positive relationship between the dry matter
content in the stem, leaf, and primary root. Without the addition of coconut waste (Table 6), few
relationships were observed for C. pyramidale. In this treatment, the number of leaves (NuL) was
positively related to growth in height, which, in turn, positively affected growth in diameter. Both
RGD and NuL showed a conflicting demand with SLA.
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Table 3: Mean of morphometric characteristics found for the species Cenostigma pyramidale and Libidibia ferrea in different treatments. Legend: TO (treatment with 70%
soil + 30% bovine manure), T1 (treatment with 70% soil + 20% bovine manure + 10% coconut powder), T2 (treatment with 70% soil + 20% bovine manure + 10%
coconut fiber), NuL (Number of Leaves), LDMC (Leaf Dry Matter Content), SLA (Specific Leaf Area), PRL (Primary Root Length), PRDMC (Primary Root Dry Matter
Content), SRDMC (Secondary Root Dry Matter Content), WD (Wood Density), and WDMC (Wood Dry Matter Content). Treatments with the same letter showed no
significant difference from each other (p > 0.05).

Species Treatments  NuL LDMC SLA PRL PRDMC SRDMC WD WDMC
To 5.3 0.2649°  569.98  12.8° 0.4018° 0.1987° 0.558° 0.3628°
Cenostigma pyramidale T1 3.0 0.2930*  350.1° 22.6° 0.54122 0.4967° 0.560° 0.45022
T2 6.6° 0.3838°  55.1° 19.8° 0.4726° 0.2834° 0.555 0.5387°
ToO 18.8°  0.3130° 25598  16.4P 0.3653° 0.2613° 0.617° 0.5313°
Libidibia ferrea T1 18.42 0.4518° 48.3° 34.0° 0.4854° 0.3734° 0.7422 0.7291°
T2 17.22 04528  183.6*  155° 0.4950° 0.3617° 0.626° 0.5840°

Table 4: Correlations of morphometric characteristics of the T2 treatment. Lower diagonal data refer to Libidibia ferrea, and upper diagonal data refer to Cenostigma
pyramidale. Legend: T2 (treatment with 70% soil + 20% bovine manure + 10% coconut fiber), NuL (Number of Leaves), FiH (Final Height), RGH (Relative Growth in
Height), FiD (Final Diameter), RGD (Relative Growth in Diameter), PRL (Primary Root Length), SLA (Specific Leaf Area), LDMC (Leaf Dry Matter Content); PRDMC
(Primary Root Dry Matter Content), SRDMC (Secondary Root Dry Matter Content), WDMC (Wood Dry Matter Content), and WD (Wood Density). When there was a
correlation between characteristics (p <0.05), the value was marked in bold.

NuL FiH RGH FiD RGD PRL SLA LDMC PRDMC SRDMC WDMC WD
NuL 1 0.1619 0.2372 0.5752 0.4058 0.3829  -0.5146 -0.1802 -0.5623 -0.4792  -0.0564  -0.4452
FiH 0.7402 1 0.7623 0.6758 0.3159 0.0504 -0.7104  0.3959 -0.2608  -0.5646 0.1531  -0.3312
RGH 0.4925 0.539%4 1 0.7576 0.8029  -0.1451 -0.4903  0.0035 -0.2224  -0.3644 -0.2339  -0.6329
FiD 0.2517 0.3539 0.0389 1 0.7007  -0.0779 -0.8622 -0.0511 -0.5853  -0.7539 0.2530  -0.3486
RGD 0.3272 0.5049 0.4538 0.6837 1 -0.3384  -0.3749  -0.3493 -0.2779  -0.3389  -0.3267 -0.7015
PRL -0.3799 -0.4165 -0.4756 04687  -0.0759 1 -0.0448 04014  -0.2870 -0.0212 -0.1775 -0.1579
SLA -0.1482  0.2014 0.1861  -0.5953 -0.2422  -0.5679 1 -0.2690 0.6842 0.9342 -0.5024  0.1882
LDMC 0.1385 -0.4584  0.0003  -0.1494 -0.1358 -0.0171 -0.6164 1 -0.3606  -0.1585 0.2748 0.0669
PRDMC  0.2559 0.4362 -0.0388 -0.2348 -0.30765 -0.5273  0.2934  -0.1563 1 0.6571 -0.4439  0.0709
SRDMC  -0.0899 -0.0679 0.2653  -0.0443 0.29149  0.0699 0.2899  -0.1893  -0.7089 1 -0.505 0.1568
WDMC 0.2195 0.1937 -0.3196 0.4599 0.27534  0.0052 0.0016  -0.2456  -0.0237 0.1416 1 0.7381

WD 0.2182 0.3251 0.2879 -0.0061 0.11419 -0.2906 0.3492 -0.3143  -0.0725 0.2799 0.1893 1
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Table 5: Correlations of morphometric characteristics of the T1 treatment. Lower diagonal data refer to Libidibia ferrea, and upper diagonal data refer to Cenostigma
pyramidale. Legend: T1 (treatment with 70% soil + 20% bovine manure + 10% coconut powder), NuL (Number of Leaves), FiH (Final Height), RGH (Relative Growth
in Height), FiD (Final Diameter), RGD (Relative Growth in Diameter), PRL (Primary Root Length), SLA (Specific Leaf Area), LDMC (Leaf Dry Matter Content), PRDMC
(Primary Root Dry Matter Content), SRDMC (Secondary Root Dry Matter Content), WDMC (Wood Dry Matter Content), and WD (Wood Density).When there was a
correlation between characteristics (p <0.05), the value was marked in bold.

NuL FiH RGH FiD RGD PRL SLA LDMC PRDMC SRDMC WDMC WD
NuL 1 0.7234 0.6506 0.3638 0.0901 0.2835 -0.4341  0.6686 0.8489 0.3353 0.8115 0.7977
FiH 0.5715 1 0.7582 0.5799 0.4874  -0.2797  -0.5839  0.6736 0.4814 -0.1869 0.4738 0.5369
RGH 0.2826 0.8078 1 0.6953 0.5552  -0.0058 -0.8451  0.6238 0.6319 0.3109 0.5268 0.6879
FiD 0.4305 0.6575 0.6853 1 0.8671 0.0165  -0.5359  0.6252 0.5644 0.1011 0.5457 0.6379
RGD 0.3569 0.6359 0.7912 0.9511 1 -0.0593  -0.5872  0.6651 0.3268 -0.1707 0.1991 0.3724
PRL 0.3342 0.1531 0.0214 0.4604 0.4578 1 -0.1481  0.3981 0.6397 0.6103 0.4288 0.4267
SLA -0.1727  -0.5377  -0.5066  -0.7558 -0.6816  -0.0008 1 -0.6739  -0.5211  -0.0888  -0.3963 -0.6172
oLDMC 0.5425 0.2908 0.3379 0.4582 0.4499 0.0138  -0.4483 1 0.7918 0.0628 0.5702 0.6892
PRDMC  -0.5373 -0.6094 -0.2548 -0.0588 -0.0734 -0.3120 -0.0206  -0.1592 1 0.5331 0.8737 0.9053
SRDMC  -0.5125 -0.3635 -0.3416 -0.5374 -0.5775 -0.3230  0.4264  -0.4343 0.0590 1 0.3264 0.3309
WDMC 0.4468 0.2598  -0.0376  0.2177  -0.0009  0.0602  -0.1781  0.2005 -0.2803 0.3808 1 0.9599

WD 0.4269 0.3814 0.0867 0.3229 0.0974  -0.0064 -0.3583 0.1227 -0.2471 0.2494 0.9424 1




D.F. Lima et al., Scientia Plena 16(10), 100203 (2020) 9

Table 6: Correlations of morphometric characteristics of the TO treatment. Lower diagonal data refer to Libidibia ferrea, and upper diagonal data refer to Cenostigma
pyramidale. Legend: TO ( treatment with 70% soil + 30% bovine manure), NuL (Number of Leaves), FiH (Final Height), RGH (Relative Growth in Height), FiD (Final
Diameter), RGD (Relative Growth in Diameter), PRL (Primary Root Length), SLA (Specific Leaf Area), LDMC (Leaf Dry Matter Content), PRDMC (Primary Root Dry
Matter Content), SRDMC (Secondary Root Dry Matter Content), WDMC (Wood Dry Matter Content), and WD (Wood density). When there was a correlation between
characteristics (p < 0.05) the value was marked in bold.

NuL FiH RGH FiD RGD PRL SLA LDMC PRDMC SRDMC WDMC WD
NuL 1 0.7300 0.7693 0.5746 0.7519  -0.7021  -0.8684 -0.1241  -0.4949  -0.0646  -0.2512  -0.4999
FiH 0.8606 1 0.7515 0.2032 0.5486  -0.6396 -0.6816  0.5641 -0.4213  -0.4211 -0.03135 -0.1703
RGH 0.1891 0.2342 1 0.3092 0.9015 -0.6249 -0.7379  0.2521 -0.4221  -0.2308 0.1555  -0.0799
FiD -0.0517  -0.0142  -0.1539 1 0.4364  -0.2943 -0.2238  -0.4025 0.1303 0.0609 0.1987  -0.0978
RGD 0.0455 0.0685 0.6656 0.3074 1 -0.3449  -0.7747  -0.0872  -0.3707 0.1917 -0.0465  -0.3212
PRL -0.2756  0.0499 0.4419  -0.1795  0.4806 1 0.5378  -0.2205 0.1768 0.6928 -0.2016  -0.0083
SLA 0.1844 0.2885 0.4946  -0.4362  0.5145 0.4941 1 0.0888 0.4636 -0.1245 0.4832 0.7064
LDMC -0.7547  -0.6072  -0.2414  0.4670 0.2738 0.1554 -0.201 1 -0.0587  -0.6856 0.4079 0.5071
PRDMC  0.3484 0.4909 0.1005 0.5071 0.1759  -0.2698 -0.2115  0.1877 1 -0.1168 0.4727 0.3376
SRDMC  0.4313 0.7192 0.6176  -0.0262  0.5295 0.4264 0.6620 -0.1731 0.4989 1 -0.6275  -0.6210
WDMC 0.3339 0.2134  -0.2467 05218 -0.3242 -0.7367 -0.7473  -0.0528 0.6816 -0.1725 1 0.9156

WD 0.1419 0.2045 -0.4209 0.5003 -0.4518 -0.5877 -0.7418  0.1382 0.7297 -0.1121 0.9116 1
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4. DISCUSSION

The herein reported high emergence rate of Libidibia ferrea and Cenostigma pyramidale in
different substrates is essential to ensure higher production of seedlings for planting. Scalon et al.
(2011) [24] assessed different substrates and their effects on L. ferrea seeds, achieving a 60.4%
emergence in the most effective treatment. They attributed the low percentage of emergence to the
low amount of organic matter available. Walter et al. (2018) [25] and Aradujo, Silva and Ferraz
(2018) [26] also studied L. ferrea seeds. In their best treatments, the authors achieved 92 and 91%,
respectively, values closer to those found in our study using coconut waste. Dantas et al. (2011)
[27] and Ferreira et al. (2014) [28] achieved, 87 and 69%, respectively, for the emergence of C.
pyramidale.

It is likely that Amburana cearenses seeds did not emerge well when planted with coconut
powder and fiber due to the high porosity of the substrate, which reduced water retention, causing
a negative effect on the emergence. The decrease in water potential hinders the germination and
growth of seedlings of Amburana cearenses seeds [29, 30]. We suggest carrying out other
experiments using the same substrates irrigated with different amounts of water, or with materials
(soil and fiber) with finer granulometry to increase water retention.

The higher investment in diameter and height (assessed through the maximum diameter and
maximum height means) observed for L. ferrea seedlings, when planted with coconut powder, are
desirable results for seedlings that will be taken to the field. In reforestation, it is common to aim
at a greater soil cover, assessed through diameter and height data, as plants with these attributes
can dissipate part of the energy and intensity of rains, reducing the speed of the water flow and,
consequently, soil erosion [31, 32]. Besides, such plants attract more pollinators and seed dispersers
[33, 34], which are essential for successful planting.

Differently from L. ferrea, C. pyramidale seedlings were not favored by adding coconut waste
to the substrate, which demonstrates that this material acts differently in species. Alves and Freire
(2017) [17] found similar results when assessing the influence of substrates on the production of
seedlings of Handroanthus impetiginosus (Mart. ex DC) Mattos. They noticed that the substrate
formed by soil, bovine manure, and coconut powder did not significantly influence plant height and
diameter. The author also observed that the use of the powder without the addition of another
compound produced seedlings with worse quality in comparison to other treatments. Rodrigues et
al. (2017) [18] used green coconut fiber in the production of Moringa oleifera Lam and observed
that as the proportion of fiber increased and the proportion of organic compounds decreased, the
quality of seedlings decreased and they showed symptoms of nutritional deficiency. However, it is
worth mentioning that, unlike some studies, the height and diameter of C. pyramidale were not
affected by adding coconut waste to the substrate.

When analyzing the investment in morphometric characteristics, we noticed that C. pyramidale
and L. ferrea seedlings showed better quality when planted without coconut fiber or powder,
achieving larger specific leaf areas. This characteristic is related to the higher acquisition of
resources from the environment [35, 36]. In the field, seedlings with a larger specific leaf area can
benefit from being more effective in mitigating the negative impacts of rain [37], as well as having
high water content, and carrying out high photosynthesis rates [38].

In the treatments using coconut waste, mainly coconut powder, as an alternative component of
the substrate, species showed a strategy for the conservation of the acquired resources, reflected in
higher SRDMC and WDMC in C. pyramidale, and higher WD and WDMC in L ferrea. This
strategy is characterized by a good efficiency in the use of nutrients [36]. According to Song et al.
(2019) [36] and Moradi et al. (2017) [39], high phosphorus levels in the soil favor mass gain in the
leaves, stem, and roots. This information corroborates our results, as mass gain, reflected in higher
dry matter contents, was found when the species were sowed with coconut waste. Therefore, these
substrates improve soil use efficiency by seedlings.

The higher wood density of L. ferrea seedlings planted with coconut powder is also a strategy to
maintain resources, so that the biomass acquired is invested in a more resistant tissue. Plants with
this type of strategy and high wood density are better for areas that undergo periods of drought, due
to their higher hydraulic safety in these periods [40], as harder woods are less sensitive to water
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variability and more resistant to embolism [41], an essential ability for seedlings that will be planted
in semi-arid regions.

Besides dry matter content and wood density, the use of coconut powder also positively impacted
primary root length. According to Heilmeier (2019) [42] and Forte et al. (2015) [43], investments
below the ground are crucial to resist droughts, allowing roots to reach deeper soil layers that bear
important water reserves.

When evaluating the correlations between the analysed characteristics, some conflicting
demands were identified, which appeared with and without the addition of residues. The conflicting
demands reflect differences in biomass allocation between the organs of plants, which can be driven
by low availability of resources [44]. When adding resources to the environment (provided by the
additional waste), there should be less need for the plant to invest in one organ over another. In L.
ferrea seedlings the conflicting demands occurred in greater gquantity when planted without
residues. For C. pyramidale, the greatest amount of conflicting demands was found when planted
with coconut fiber. Thus, differences in biomass allocation made by species may indicate some
type of nutritional deficiency of substrate [45].

5. CONCLUSION

Our results showed that coconut waste, mainly coconut powder, favored the emergence and
development of seedlings of the species Libidibia ferrea and Cenostigma pyramidale. However,
we do not indicate coconut waste to produce Amburana cearensis seedlings, as its emergence rate
was very low with that substrate.

When sowed with coconut waste added to the substrate, the analyzed species, mainly L. ferrea,
emerged more and showed more investments in characteristics that are strategic for the region.
Thus, the use of coconut waste has positive or neutral effects on the production of Libidibia ferrea
and Cenostigma pyramidale seedlings. Besides, a seedling substrate is a viable and environmentally
appropriate alternative for the final disposal of this material.
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