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Abstract

Tomato (Solanum lycopersicum L.) is a crop whose cultivation is of great importance in economic and social
aspects. However, the development of efficient and low-cost technologies is essential for the growth of
agricultural activity in the region. Among the most studied technologies, the production of quality seedlings in
organic substrates is highlighted. In this context, the objective was to evaluate the development of tomato
seedlings produced with organic substrates, using the decomposed stem of babassu palm and goat manure, using
the multidimensional technique with the help of canonical functions associated with growth analysis. The
treatments consisted of 25%, 50% and 75% sand aggregates, 25% to 50% sand addition, 25% to 50% sand and
commercial substrate, established in a completely randomized design with 28 treatments and four replications in
a 7 x 4 factorial scheme, the first factor consisting of seven substrates and the second of four evaluation periods
(7, 14, 21, 28 days after emergence). Were analyzed shoot length and main root length; dry mass of the aerial
part and of the root system and leaf area. These variables were analyzed through multidimensional analysis with
the help of canonical functions and growth analysis. In general, the substrates consisting of goat manure and
sand were superior to the substrates consisting of the decomposed palm tree stem and the commercial substrate.
The alternative substrate formed by the mixture of goat manure, in the proportion of 25% of sterilized sand +
75% goat manure, constitutes the best option for the production of tomato seedlings.
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1. Introduction

The tomato (Solanum lycopersicum L.) is the main representative culture of the family Solanaceae, whose
cultivation has great importance, in the economic and social aspects. In 2017, the Brazilian production of
tomatoes increased by 4.9% in relation to 2016, obtaining a production of 4.3 million tons, approximately 64.6
thousand hectares, accounting for about 5.34 billion reais of the gross value of Brazilian agricultural production
(IBGE, 2017).

In the Northeast, the states of Bahia, Pernambuco and Ceara account for more than 90% of tomato production,
while other states, such as Maranhdo, account for less than 1% of regional production (IBGE, 2018). The low
representation of the state of Maranh@o in the regional and national tomato culture is mainly due to the lack of
investments, in the majority of agricultural properties, and the low technological level of the producers. In face
of this problem, there is a need for the development of efficient and low-cost technologies in the region.

Among the technologies most studied, it is worth mentioning the production of quality seedlings, which is based
on researches with better combinations of substrates, using two or more materials. In the production of seedlings,
organic, mineral and synthetic materials, pure or in mixtures, are used to meet the requirements of each species
(Costa et al., 2015). In the last years, the research has converged to the study of organic materials and its local
availability, which seeks to reduce costs (Lima et al., 2011; Souza et al., 2013).

From the economic and agronomic point of view, the organic materials most used in the formulation of
substrates are manures and fibers. The great use of manure is mainly due to availability and low cost, which has
led producers to consider organic fertilization as a viable alternative (Alencar et al., 2008). The main fiber used
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in the composition of substrates is coconut (Cocos nucifera L.) (Melo et al., 2012; Castoldi et al., 2014).
However, the decomposed palm stem is another material used that presents satisfactory results (Albano et al.,
2014).

It is worth mentioning that in addition to considering the availability of organic materials, the substrates must be
of high quality, with physical / chemical properties that provide water, oxygen and nutrients to achieve optimal
germination and growth of the seedlings and allowing the production of vigorous trees (Costa et al., 2009).

However, when it is desired to evaluate the quality of the substrates for seedling production, a large number of
agronomic traits are taken into over time which frequently have a high negative or positive correlation, which
makes it difficult to choose the best substrate for analysis one-dimensional. In this sense, the multidimensional
technique with the help of canonical functions and growth analysis, appear as an alternative to this problem.

The multidimensional technique with the help of canonical functions reduces the dimensionality of the data for a
single variable, making the choices more robust (Pimentel Gomes, 2002; Cabral et al., 2011). While the growth
analysis contributes to the understanding of the morphophysiological conditions of the plants developed in each
substrate and quantifies the net production, derived from the photosynthetic process during a certain period of
time (Benincasa, 2004; Lopes et al., 2011).

Information in the literature that reports the use of goat manure and babassu palm decomposition stem (Attalea
speciosa Mart.) As organic materials for the production of tomato seedlings in Maranho are still scarce. In view
of the above, the objective was to evaluate the development of Solanum Iycopersicum seedlings produced with
organic substrates, using the decomposed stem of babassu palm and goat manure, using the multidimensional
technique with the help of canonical functions associated with growth analysis.

2. Material and Methods
2.1 Collection of Samples

The research was developed at the Center for Agrarian and Environmental Sciences of the Federal University of
Maranhao, located in the city of Chapadinha in East Maranhense Mesoregion and Microregion of Chapadinha, in
the state of Maranhdo, located at 03°44'30” South of latitude and 43°21'33"” West of longitude, with 105 m
altitude (Gaspar et al., 2018). The climate of the municipality according to K&ppen's climatic classification is Aw
type, considered tropical zone with dry winter (Alvares et al., 2013). The experiment was conducted in a
greenhouse with 50% shading, using the tomato cultivar Santa Cruz Kada Gigante, from February to March,
2016.

2.2 Implantation of the Experiment and Treatments Used

The experiment was implanted following a completely randomized design, with 28 treatments and four
replications, with each replicate consisting of 12 plants. The formation of the seedlings was carried out in trays
of expanded polystyrene (Isopor”). Each tray had 128 cells with a volume of 40 cn’.

The 28 treatments were arranged in factorial scheme 7 x 4; (S1-25% sterilized sand + 75% decomposed palm
stem, S2-50% sterilized sand + 50% decomposed palm stem, S3-75% sterilized sand + 25% decomposed palm
stem, S4-25% sterile sand + 75% goat manure, S5-50% sterile sand + 50% goat manure, S6-75% sterile sand +
25% manure goat and S7-commercial substrate (Tropstrato HT™)) and the second factor constituted by four
epochs of evaluation, being these realized every seven days. The proportions of sand, decomposed palm stem
and goat manure were established on a volume basis.

2.3 Description of the Materials Used in the Composition of the Substrates

The commercial substrate Tropstrato HT®, according to the manufacturer, consists of: pine bark, vermiculite,
PG Mix 14.16.18, potassium nitrate, simple superphosphate and peat. On the other hand, the alternative
substrates were composed of a decomposed palm stem with sand addition in 25, 50 and 75%, addition of goat
manure in 25, 50 and 75% of goat manure sand and palm decomposed stem in proportions of 25, 50 and 75%.
Table 1 shows the chemical physical analysis of the materials used to compose the substrates except for sand,
since it is an inert material.
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Table 1. Chemical physical analysis of the materials used to compose the substrates

i Variables
Materials
pH N P K Ca Mg D Po
- g kg'] mg kg"1 ----------- cmol,. kg'] ----------- g cm? %
Commercial substrate 7.58 7.10 - 0.45 0.10 0.10 0.34 83.51
Decomposed palm stem 5.32 5.88 33.00 3.63 20.60 15.20 0.33 65.95
Goat manure 5.00 16.9 251.00 4.10 13.0 3.50 0.26 74.20

Note. Potential of hydrogen (pH); nitrogen (N); phosphor (P); potassium (K); calcium (Ca); magnesium (mg);
density (D) and porosity (Po). Adapted from Maeda et al. (2007); Ludwig et al. (2010) and Oliveira Neto et al.
(2018).

2.4 Performed Analyzes

The tomato cultivar Santa Cruz Kada Gigante (S. lycopersicum) was sown using three seeds per cell, thinning
after germination. The plants were evaluated at 7, 14, 21 and 28 days after emergence. The evaluated indicators
were: aerial part length (APL), cm; length of main root (LMR), cm; dry mass of the aerial part (DMAP), g plant™,
and of the root system (MRS), g plant™; and leaf area (LA), cm’.

The aerial and root dry masses were obtained after drying in an oven with forced air circulation at 60 °C for 72
hours, weighing in an electronic analytical balance (0.001 g). The leaf area was obtained by digital image of the
leaves and processed by Imagel® software (Schneider et al., 2012).

2.5 Statistical Analyzes

The data of the variables APL, LMR, DMAP, MRS and LA were submitted to analysis of normality of residues
required by the multidimensional analysis of variance denominated of Manova, using the generalized Shapiro
Wilk test for multivariate distributions (Royston, 1982) that was implemented in the R software (R Development
Core Team, 2018). Once the condition of residual normality was verified, a multidimensional analysis was
performed by PROC GLM (SAS, 2002), using the Wilks test at 5% probability, according to Pimentel Gomes
(2002) to test the null hypothesis Hj that mentions the equality between vectors of means of the treatments. As
the hypothesis was rejected by the Wilks test, the mean vectors of the treatments were analyzed statistically
using the canonical functions.

The coefficients of the canonical functions, bl, b2, b3, b4 and b5, were obtained by analyzing the
multidimensional analysis of the variables APL, LMR, DMAP, MRS and LA, generating the following linear
function:

Z =bIAPL + b2LMR + b3DMAP + b4MRS + b5LA €))

[Tt}

This function was applied to the data of each experimental plot generating “n” values of this unique variable Z,
one of each “n” plot of the experiment. Subsequently, the one-dimensional traditional variance analysis was
applied to this new Z variable. Treatment averages were compared by the Scheffé test at 5% probability, as
recommended by Pimentel Gomes (2002).

To obtain the physiological parameters of the growth analysis, such as growth rate of cultivation (GRC), relative
growth rate (RGR), net assimilation rate (NAR) and leaf area ratio (LAR), leaf area and dry mass total of the
plants were adjusted in relation to the time, by the ANACRES software (Portes & Castro Junior, 1991), using
quadratic exponential equations. The physiological parameters do not obey the basic assumptions of analysis of
variance because they follow calculated data. In this way, the results were presented through graphs made by
SigmaPlot11.0” software, evaluating the behavior of the curves.

3. Results and Discussion
3.1 Statistical Assumptions

Based on the Pearson correlation analysis, significant correlations were found between the five variables
analyzed (Table 2). These data are used to determine the differences that would not be found in analyzes of
individual variances and would compromise the results, as demonstrated by Neto et al. (2007), in which the
authors could not observe through univariated analyzes, significant effect of the main factors or the interaction.
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Table 2. Pearson correlations (r) of the variables: shoot length (APL); length of the main root (LMR); dry shoot
mass (DMAP); dry mass of the root system (MRS) and leaf area (LA) in Solanum lycopersicum seedlings

Variables 1 Variables 2 n r Significance of r
APL LMR 112 0.40 <0.0001**
APL MRS 112 0.89 <0.0001**
APL DMAP 112 0.93 <0.0001**
APL LA 112 0.94 <0.0001**
LMR MRS - 0s6 <0.0001%*
LMR DMAP 112 0.47 <0.0001**
LMR LA 112 0.50 <0.0001**
MRS  DMAP m 095 <0.0001%*
MRS LA 112 0.94 <0.0001**
DMAP LA 112 0.96 <0.0001**

Note. ** All Pearson correlation coefficients were significant at 0.01 probability.

The Shapiro Wilk test generalized for multivariate distributions, revealed that Manova residues were distributed
as a multivariate normal. A significant interaction effect was observed by the Wilks test for the vectors of
treatment averages and times of evaluation at 5% of probability, showing the existence of at least one vector that
differed from the others.

3.2 Canonical Functions

The use of canonical variables was feasible in this research, since it allowed the reduction of the dimensionality
of the data set with the minimum loss of information. The first two variables added accounted for more than 92%
of the treatments, being 85.6% for the first (ratio A;) and 6.5% for the second (ratio A,) (Table 3). Cabral et al.
(2011) observed that the first two canonical variables explained approximately 82% of the total variation.
Already Gongalves et al. (2009), working with S. lycopersicum, verified that the first two canonical variables
explained about 90% of the variability between the treatments. Cross and Carneiro (2006), emphasize that
analysis by canonical variables should only be used when, in two or three canonical variables, more than 80% of
the total variation is explained.

Table 3. Eigenvalues obtained from the matrix HE™ (H treatment matrix and E of the residue)

Roots Eigenvalues Ratio
M 100.79 85.63
v 7.65 6.50
3 6.46 5.50
Ay 1.84 1.56
As 0.95 0.81
M+ + 0+ As 117.70 100%

The canonical functions obtained for the first two eigenvalues were: Z1 = 0.662 APL + 0.018 LMR + 266.877
DMAP + 187.381 MRS + 0.0787 LA and Z2 = -2.272 APL + 0.313 LMR + 287.403 DMAP + 274.797 MRS —
1.135 LA. The first canonical function was applied to the data of each experimental plot, generating “n” values
of this unique variable Z, one of each of the “n” plot of the experiment, obtaining a single Z variable in each plot
of the experiment, and then submitted to univariate analysis of variance by applying the Scheffé test at 5%
probability.

3.3 One-dimensional Analysis of the Variable Z

It can be observed from the result of this analysis that there were significant differences between the means of
the treatments in the different evaluation periods by the Scheffé test (Table 4). The substrates consisting of goat
manure and sand were superior to the substrates composed of a babassu palm decomposed stem and the
commercial substrate (Tropstrato HT®), the substrate S4 (25% sand + 75% goat manure) being the most suitable
/ indicated for the development of seedlings of S. lycopersicum, in the four evaluated periods. The advantage of
this substrate can be explained by the proportion of sand and goat manure, which resulted in the balance between
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physical and chemical properties, and which provided constant supply of water, oxygen and nutrients to
seedlings (Souza et al., 2013).

Table 4. Comparison of the averages generated by the first canonical function between the seven substrates and
the four evaluation periods in Solanum lycopersicum seedlings

Days after the emergency

*Treatments > 1 T 73

S1 5.70 bcB 7.18 dAB 7.90 dA 5.42 dB
S2 4.45cA 6.06 dA 5.81dA 5.11dA
S3 4.52 cA 5.84 dA 5.90 dA 5.25dA
S4 8.62 aD 20.64 aC 32.72 aB 39.63 aA
S5 8.00 abC 17.22 bB 17.65 bB 23.97 bA
S6 6.91 abcB 10.27 cA 11.47 cA 11.27 cA
S7 4.88 cA 5.44 dA 6.47 dA 6.30 dA

Note. Means followed by lower case letters in the columns and upper case in the lines do not differ by the
Schefté test at 5%. * Treatments: S1-25% sterilized sand + 75% decomposed palm stem; S2-50% sterilized sand
+ 50% decomposed palm stem; S3-75% sterilized sand + 25% decomposed palm stem; S4-25% sterile sand +
75% goat manure; S5-50% sterilized sand + 50% goat manure; S6-75% sterilized sand + 25% goat manure and
S7- commercial substrate (Tropstrato HT®).

The density of the substrate constituted by goat manure presented superiority to the substrate decomposed palm
stem (Table 1). The higher density of the substrate constituted of decomposed palm stem refers to the existence
of smaller porous space related to the physical constitution. This situation is able to prevent the greater use of
water and nutrients by the roots of the plants, besides making substrate oxygenation deficient (Almeida &
Sanchez, 2015). The results of porosity associated to substrate density are able to affirm a greater amount of
voids in the substrate, as well as verified in the compound by goat manure, which presented better growth
response of the seedlings when exposed in the ideal substrate and sand ratio, as well as verified on substrate S4
(Tables 1 and 4). In relation to the nutrient content of the substrates under study, the proportion used between
sand and substrate, positively influences the nutritional status of the substrates supplied to the seedlings, which
depends on the relationship between sand and substrate in the quantity used (Table 4). Distinguishing in relation
to the nutritional content of the substrates, as in the case of the N, P and K average contents, which presented a
higher proportion in the substrate composed of goat manure and therefore denote a considerable nutritional
improvement of the substrate, favoring the development of S. lycopersicum (Tables 1 and 4). The correlation
between the substrates allowed to infer the compound that provides better nutritional conditions to the
development of the seedlings, being the compound formed by goat manure able to provide better supply of N
and K, favoring the greater availability of phosphorus to the seedlings (Table 1). The best distribution of these
nutrients present in the substrates is fundamental for the development of vegetation in the seedling stage
(Almeida & Sanchez, 2015).

Positive results with the use of goat manure were also observed by Aratjo et al. (2010), in the production of
Carica papaya seedlings. And also by Notaro et al. (2012), and verified beneficial effects on the production of
the grafts of Annona squamosa. In a more refined and precise way, these authors highlighted as a cause for the
positive results regarding the use of goat manure, the improvement of the physical, chemical and biological
quality of the substrates.

The superiority of the substrates that lead in their formulation goat manure is emphasized in several works,
especially when these are compared to the use of other organic materials and even commercial substrates in the
soil, as well as Capsicum annum (Barros Junior et al., 2008), Carica papaya (Aratjo et al., 2010), Solanum
melongena (Moreira et al., 2010), Annona squamosa (Notaro et al., 2012).

The substrates constituted by the decomposed palm stem were not differentiated from the commercial substrate
(Troprasto HT™), whose composition includes bark of Pinus, peat and expanded vermiculite, in the different
periods of evaluation. The substrate of the decomposed palm tree that provided the best seedlings was the S1
treatment with 25% sand. However, after 21 days of emergence the seedlings produced in this substrate lost
quality.
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The low performance of the seedlings produced with palm-derived stem substrates may be associated with the
chemical characteristics of the substrate, which were insufficient for the development of S. lycopersicum
seedlings, since the organic matter is remarkably of good physical quality, as well as reported by Moreira et al.
(2010), and Souza et al. (2013).

The same trend was observed by Silva-Junior et al. (2014), studying the use of alternative materials in the
production of S. lycopersicum seedlings under foliar fertilization, which verified that none of the substrate
compositions presented sufficient chemical characteristics to promote, without the need for fertilization, the
optimal development of the seedlings.

3.4 Growth Analyzes

The analysis of the physiological variables followed the same trend of the multidimensional analysis,
highlighting the superiority of the substrates that contain in their composition goat manure, when compared to
the substrates with formulations of palm tree stem and commercial substrate (Tropstrato HT"). S4 treatments,
followed by S5 were the substrates that presented the best performance for the variables, growth rate of
cultivation (GRC), relative growth rate (RGR), net assimilation rate (NAR) and leaf area ratio (LAR) (Figure 1).
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Figure 1. Growth rate of cultivation - GRC (A and B), relative growth rate-RGR (B and D), net assimilatory
rate-NAR (E and F) and leaf area ratio-LAR (G and H) in seedlings of Solanum lycopersicum

Note. The left figures are relative to the substrates that have decomposed stem of palm compared to the
commercial substrate (Tropstrato HT") and those of the right the substrates that contain goat manure compared
to the commercial substrate (Tropstrato HT®). *Treatments: S1-25% sterilized sand + 75% decomposed palm
stem; S2-50% sterilized sand + 50% decomposed palm stem; S3-75% sterilized sand + 25% decomposed palm
stem; S4-25% sterile sand + 75% goat manure; S5-50% sterilized sand + 50% goat manure; S6-75% sterile sand
+25% goat manure and S7-commercial substrate (Tropstrato HT®).

The formulated substrates of palm decomposed stem compared to the commercial substrate (Tropstrato HT®) at
seven days post emergence were slightly larger in GRC (Figure 1A), which continues to decrease with time. On
the other hand, substrates containing goat manure were much higher than the commercial substrate (Tropstrato
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HT®), which reached the maximum point about 15 days after emergence (Figure 1B). As GRC is a derivative of
the adjusted equation of total dry matter in relation to time, it is possible to obtain with this variable an idea of
average velocity during the growth period (Benincasa, 2004). Thus, the substrate S4 is remarkably the one that
provides greater growth the seedlings of S. lycopersicum. Organic residues when they pass through the
decomposition process that they offer to the organic matter of the soil provide numerous benefits for the forest
species, because there is an increase in the moisture retention capacity, it provides nutrients to the substrate and
reduces the bulk density, increasing the porosity of the environment (Gongalves et al., 2000).

Similarly to the results found in this study, Vieira et al. (2016), working with the species Hevea brasiliensis on
substrates of soil and cattle manure, were able to promote the greatest growth of seedlings. The use of manure
substrate is capable of promoting the growth of high-quality seedlings, as they provide improvements in the
physical conditions of the substrate, such as aeration and drainage, as well as providing nutrients (Oliveira et al.,
2004; Dias et al., 2009).

In general, the highest values for RGR were observed in the first collection (at seven days), with decreases in the
posterior collections (Figure 1C and 1D), with the lowest variations for the commercial substrate (Tropstrato
HT®). The decrease in the RGR over time was already expected due to this factor being measured as an
efficiency index which represents the ability of the plant to grow. Observing the behavior of the RGR curve in all
treatments, it was possible to observe rapid accumulation of dry matter at the beginning of the development of S.
lycopersicum plants, decreasing with time.

With the increase of the dry mass accumulated by the plants, there is an increase in the need of photoassimilates
to keep the already formed structures in operation, thus reducing plant growth (Ferrari et al., 2008). This fact can
be explained by the increase of the respiratory activity and by the self-shading that increases with the age of the
plant and still indicate the approximation of culture senescence, allowing the net assimilation to be negative
(Barreiro et al., 2006; Cometti et al., 2008). Reduction in RGR values were also found by Ludwig et al. (2010) in
studies with different organic substrates in the culture of Gerbera jamesonii during the development of the crop.

The NAR can be represented by the balance that occurs between the material produced in the photosynthesis and
the material lost during the respiratory phase, this balance is capable of expressing the leaf efficiency in dry mass
production and the estimation of liquid photosynthesis (Benincasa, 2004).

Regardless of the substratum that S. [ycopersicum plants developed NAR tended to decrease during the
development of the seedlings (Figures 1E and 1F), except for the plants of the substrate S4, in which the
behavior of the upward curve reached a point of maximum net assimilation around 15 days after the emergency.
The increase in NAR in the first 15 days after the emergence of the plants that developed in the S4 substrate can
be explained by the absence of self-shading in the initial stages of the plant, which resulted in greater
assimilation of CO,, in response to the photosynthetic rate observed in GRC (Figure 1B).

According to Cairo et al. (2008), the NAR commonly decreases over time, this behavior can be explained by the
increase of the leaf area along the plant cycle causing self-shading. This statement is consistent with the record
of Lopes et al. (2011), which attributed the decrease of NAR in S. lycopersicum cultivated under different soil
cover, to the increase of the leaf area, responsible for the self-shading of the leaves, which led to a decrease in
liquid photosynthesis levels. Likewise, Ludwig et al. (2010) in studies with different organic substrates in the
Gerbera jamesonii crop showed to decrease in the liquid photosynthesis during the growth of the crop, which
according to the authors this reduction is associated with the self-representation acquired by the plant during the
growth phase, caused by the overlapping of the leaves, and consequently, reduction of photosynthetic efficiency
and increase of respiratory losses.

The LAR had an upward growth for the substrates S6 and S7 until the 15 days after the emergency. For the other
substrates the LAR decreased during the development of the plants (Figures 1G and 1H). The behavior noted for
substrates S6 and S7 may be associated with GRC as it remains practically unchanged (Figure 1B). At the
beginning of the evaluation period the LAR was higher, this process occurs because it is the period that the plant
converts greater energy to the photosynthetic production necessary for leaf expansion and light capture, after this
decreasing the values along the crop cycle, due interference of the upper leaves on the inferior ones, reducing the
photosynthesis due to the reduction of the leaf area of the plant.

According to Benincasa (2004), the LAR expresses to the foliar area useful for photosynthesis, being the
relationship between the leaf area responsible for the interception of light energy and CO, and the total dry mass,
resulting from photosynthesis. Thus, for the treatments in which the LAR decreases linearly throughout the
development, there was an increase of the interference of the superior leaves on the inferior ones, indicating
growth. The decrease in LAR throughout development is commonly reported in the literature, as reported by
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Barreiro et al. (2006), evaluating plants of Ocimum basilicum treated with plant regulators. Ludwig et al. (2010)
in studies with different organic substrates in Gerbera jamesonii also found a decrease in LAR due to the
development of the culture, mainly with the beginning of the reproductive phase.

The reduction of LAR can be explained by the greater efficiency of the leaf in converting light energy and
carbon dioxide to dry mass, as part of the reproductive cycle of the species. In this way, the analysis of growth is
an important technique used in the evaluation of the adaptations of the plant under different culture conditions
(Ludwig et al., 2010).

4. Conclusion

The use of the multivariate method in association with the growth analysis was very informative and
advantageous due to the greater discriminant capacity, besides the description of the relative superiority of the
substrates by means of the technique of canonical variables, the alternative substrate formed by the mixture of
goat manure in the proportion of 25% sterile sand + 75% goat manure, is the best option for the production of S.
lycopersicum seedlings in terms of the production of more vigorous seedlings.
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