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Studies of the use of alternative substrates have enabled producing seedlings of various species with high 

quality and low cost. The objective of this work was to evaluate the best cultivation conditions for 

production of Handroanthus spongiosus seedlings. The seeds were collected from five different populations 

in the state of Pernambuco, Brazil, and cultivated in six substrates: soil, sand, soil + vermiculite, soil + goat 

manure, soil + vermiculite + goat manure, and soil + goat manure + 30% biochar. We evaluated the 

emergence, shoot and root length, stem base diameter, shoot and root dry mass, and Dickson quality index. 

The substrates with addition of organic matter favored increased shoot length, stem diameter and dry mass. 

The incorporation of goat manure and biochar in the substrates favored the quality of the H. spongiosus 

seedlings. 

Keywords: Caatinga, sete-cascas, organic matter. 

 

Estudos com a utilização de substratos alternativos têm possibilitado a produção de mudas de diversas 

espécies com alta qualidade e baixo custo. O objetivo deste trabalho foi avaliar as melhores condições de 

cultivo para produção de mudas de Handroanthus spongiosus. As sementes foram coletadas em cinco 

populações diferentes no estado de Pernambuco, Brasil, e cultivadas em seis substratos: solo, areia, solo + 

vermiculita, solo + esterco caprino, solo + vermiculita + esterco caprino e solo + esterco caprino + 30% de 

biocarvão. Foram avaliados a emergência, comprimento da parte aérea e da raiz, diâmetro da base do caule, 

massa seca da parte aérea e da raiz e índice de qualidade de Dickson. Os substratos com adição de matéria 

orgânica favoreceram o aumento do comprimento da parte aérea, do diâmetro do caule e da massa seca. A 

incorporação de esterco caprino e biocarvão nos substratos favoreceu a qualidade das mudas de H. 

spongiosus. 

Palavras-chave: Caatinga, sete-cascas, matéria orgânica. 

1. INTRODUCTION 

The strategies for production of high-quality seedlings of native species occurring in 

seasonally dry tropical forests (SDTF) are still incipient. The main obstacles to this production 

are finding adequate substrate formulations that favor development of seedlings [1] the variability 

of the emergence responses in relation to the origin of the seeds [2] and the different spatial scales 

between and within populations [3, 4]. This variability can also serve as an important positive 

characteristic, because the plants produced may have better resistance to various environmental 

factors, a situation little explored for the species analyzed here. 

The use of alternative substrates as inputs from existing processes of farms, as well as the 

byproducts of the timber industry, can increase the autonomy of farmers and make their activity 

more sustainable [5]. The inclusion of animal manure in substrates can supply the majority of 
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nutrients necessary for good seedling development [6]. However, there is no single substrate that 

is ideal for all species [7, 8, 5].  

The Northeast region of Brazil concentrates 94.5% of the national production of goat products 

[9], meaning a plentiful supply of goat manure exists for use as input to formulate substrates for 

production of seedlings. Another input found widely in this region and that can potentially be 

used to prepare or enrich substrates for seedling production is the waste from the production of 

wine and other grape derivatives. The Vale do São Francisco region accounts for the country’s 

second largest wine production, with approximately 500 hectares of vineyards, producing 

millions of liters of wine annually (almost 15% of national output), only behind the state of Rio 

Grande do Sul [10].  

Therefore, developing strategies are important to favor the production of seedlings of native 

species at low cost, accessible to nursery owners and smallholders. Among these native species 

is Handroanthus spongiosus (Rizzini) S. Grose (Bignoniaceae), endemic to the Caatinga and 

variously known by the common names “ipê-cascudo”, “ipê-amarelo”, “sete-cascas” or               

“pau-d’arco” [11, 12]. It occurs mainly in sandy soils and can reach a height of 8 meters [11, 12]. 

It is on the IUCN red list of threatened species [13] as well as the corresponding list of the 

Brazilian Ministry of the Environment [14]. It can be used for recomposition of native vegetation 

in degraded areas and for urban afforestation [11, 12, 14]. We did not find any previous studies 

on strategies and protocols to produce H. spongiosus seedlings. 

Based on the endangered conservation status of the species, the strong anthropization of dry 

tropical forests, especially in the Caatinga biome, and the lack of information on the emergence 

and quality of seedlings, we formulated the following two research questions: (i) Do 

H. spongiosus seeds have different response when collected from different tree stands and 

germinated in substrates with different formulations? (ii) What is the response of H. spongiosus 

seedlings growth and development to different substrates? 

2. Material and Methods 

2.1 Description of the study area 

The H. spongiosus seeds were collected in a SDTF area in the state of Pernambuco, Brazil, 

and voucher specimens of the botanical materials were deposited in the herbarium of Feira de 

Santana State University (HUEFS), located in the municipality of Feira de Santana, Bahia State. 

The collection sites were located in the villages of Pau Ferro (8°55’57.4” S, 40°43’19.8” W, 

431 m) (HUEFS - 243297) and Caiçara (9° 07’ 24.5” S, 40° 23’ 16.1” W, 393 m) (HUEFS - 

252490), the experimental farm of Embrapa Semiárid research unit (Embrapa Semiárido) (9° 8’ 

8.9” S, 40° 18’ 33.6” W, 365 m) (HUEFS - 259090), and the district of Cristália (8°5’56.3” S, 

40°19’27.1”W, 403 m) (HUEFS - 259093), all located in the municipality of Petrolina, 

Pernambuco. The fifth collection site was located in the village of Jutaí (8° 33’ 35.7” S,                          

40° 12’ 1.9” W, 418 m) (HUEFS - 259094) in the municipality of Lagoa Grande, Pernambuco 

(Figure 1). 
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Figure 1. Location of the study area. Sites of collection of seeds of Handroanthus spongiosus (Rizzini) S. 

Grose (Bignoniaceae) in the state of Pernambuco, Brazil. 

The predominant vegetation in this region is anthropized Caatinga remnant, with the presence 

of semideciduous xerophytic plants. The region has low rainfall, with yearly average of 435 mm, 

along with high rates of potential evapotranspiration (1520.9 mm), average annual temperature 

of 26 °C and relative humidity of 60% [15]. The climate is classified as BSh [16], with the 

presence of a strong rainy season in the summer (November to April) and a dry season from May 

to September. The soils of the Caatinga are characterized as shallow, stony and poor in organic 

matter on their surface [17]. 

2.2 Collection of seeds and water content measurement 

At each collection site we selected eight parent trees for collection of the fruits with seeds, 

with the aid of a trimmer and tarp. The selection of the parent trees was based on size, vigor and 

health, with a minimum distance between the trees of 20 m. The seeds were obtained from ripe 

fruits (brown color), since the process of seed dispersion starts at the moment of physiological 

maturity. After opening the fruits, the seeds were gathered to form a single lot representing each 

site. Around 600 seeds were collected from each tree, totaling 4800 seeds per site. Then the water 

content was determined by oven drying the seeds at 105 ± 3 °C for 24 h using two subsamples of 

50 seeds for each sampling site [18]. Quiescent seeds were stored in a cold chamber at 10 ± 3 °C 

and relative humidity of 60 ± 4% until conduction of the experiment [19]. 

2.3 Germination and vigor seeds of seeds  

The seed germination percentage was evaluated with subsamples of four repetitions of 50 

seeds collected from each sampling site. The seeds were distributed between three sheets of 

Germitest paper, moistened with distilled water in a proportion of 2.5 times the weight of the dry 
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paper, placed individually in polyethylene bags and incubated in a BOD chamber (biochemical 

oxygen demand) at constant temperature of 25 ± 1 °C and 12 h photoperiod for 14 days [18]. 

Seeds with radicle length greater than or equal to 2.5 mm were considered germinated for 

calculation of the germination percentage (%G). 

The seeds vigor (SV) was determined by electrical conductivity test with four repetitions of 

50 seeds. The seeds were placed in beakers with 75 mL of distilled water and then incubated at a 

constant temperature of 30 ± 1 °C for 24 h [20]. After this interval, the electrical conductivity was 

read (expressed in μS.cm-1.g-1) in a solution containing the seeds with a Digimed model DM-31 

benchtop conductivity meter for aqueous solutions, with a sensor (electrode) [21]. 

2.4 Production of seedlings 

The experiment was structured in a 6 x 5 factorial scheme (6 cultivation conditions x 

5 collection sites) in a completely randomized design with four repetitions of 25 seeds per 

treatment, under a sunscreen (50% light interception) in the nursery sector of the Embrapa 

Semiárido research unit (09° 04’ 16.4” S, 40° 19’, 5.37” W, 379 m). 

Five seeds were sown in each polyethylene bag (15 x 20 cm) at a depth of 1.0 cm, filled with 

six substrate types (v/v): soil (So); sand (SD); soil + vermiculite (1:1, SoV); soil + goat manure 

(1:1, SoM); soil + vermiculite + goat manure (1:1:1, SoVM); and soil + goat manure + 30% 

biochar (1:1:1, SoMB). The substrates in all the bags were irrigated daily at intervals of 1 hour 

for 1 minute with an automatic spraying mechanism.  

The soil used was classified as Ultisol (Argissolo Amarelo, according to Brazilian Soil System 

Classification), collected in the upper layer (0-20 cm) in the experimental field of Embrapa 

Semiárido. Before incorporation into the substrates, the soil and sand were sieved to remove 

impurities (twigs and leaves). We also used in the substrate formulation containing coarse “E” 

expanded vermiculite, biochar and goat manure.  

Biochar was produced from grape vine production residues. Biochar production was carried 

out in a metal barrel. The barrel containing the raw material was closed and placed inside a 

brickwork oven, surrounded by dry mango trees branches that were burned for around 30 minutes, 

while the material inside the barrel was pyrolyzed at reduced atmospheric oxygen concentration. 

The barrel lid had four holes with 5 mm diameter, in order to allow the escape of gases produced 

during pyrolysis. In order to be used as substrate in the experiments, the biochar was ground and 

sieved through a 0.2 mm mesh. 

The goat manure used was obtained from the semiarid Embrapa experimental farm, left for a 

week under irrigation to remove excess ammonia.  

The substrates and/or seedlings were irrigated daily, during the 180 days of trail, at intervals 

of 1 hour for 1 minute with an automatic spraying mechanism. 

2.5 Physical and chemical properties of the substrates 

The physical and chemical characteristics of all substrates including the biochar were 

determined by the method described by Embrapa (2009) [22]. All the analyses were carried out 

in the Laboratory for Analysis of Soil, Water and Plants of Embrapa Semiárido in Petrolina, 

Pernambuco (PE). The total porosity and density of the soil were determined, respectively, by the 

stress table (stress of 6 kPa) and volumetric ring methods, and the granulometry was measured 

by the sieve-pipette and textural triangle method [22]. The chemical analyses consisted of 

determining the electrical conductivity (EC) in saturation paste; pH in water at soil-water ratio of 

1:2.5; contents of Al, Ca and Mg (exchangeable, extracted with KCl 1 mol .L-1, analyzed by 

titrimetry); P, K and Na (Mehlich 1 extraction); Cu, Fe, Mn and Zn (Mehlich 1 extraction and 

reading by atomic-absorption spectrophotometry); sum of bases (SB); and cation exchange 

capacity (CEC) (calcium acetate extraction), in all cases according to Embrapa (2009) [22]. 

The lowest EC values of the solution (water + substrates), pH, CEC and base saturation (V%) 

were obtained in the substrates composed of SD, So and SoV (Table 1). The EC and pH results 

allowed inferring the concentration of soluble salts and input of available nutrients in the 
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substrates [23]. According to Minami and Salvador (2010) [24], EC values between 0.15 and              

0.49 mS.cm-1 are considered low, while those greater than 3.4 mS.cm-1 are considered very high. 

Therefore, among the substrates tested in our experiments, those with the presence of organic 

matter (goat manure) were the richest in nutrients. However, pH values below 5.8 can increase 

the availability of iron and manganese and reduce the availability of nitrogen, potassium, calcium 

and magnesium [25], while values greater than 6.5 can cause unavailability of phosphorus, iron, 

zinc and copper [26]. Only the soil and SoV substrates had pH values below 6.5. 

Table 1. Physical-chemical properties of the substrates produced and chemical properties of the biochar 

produced based on grape juice processing residues. 

Parameters  SD So SoM SoV SoVM SoMB Biochar 

EC (mS.cm-1) 0.21 5.63 12.45 4.55 6.87 8.58 0.82 

pH 6.90 6.40 7.60 6.40 7.60 7.50 5.40 

P (mg.dm-3) 1.43 4.88 55.30 6.61 221.80 167.86 730.23 

K+ (mg.dm-3) 0.04 1.40 1.10 2.00 2.10 1.80 0.95 

Na2+ (mg.dm-3) 0.11 0.46 0.56 0.48 0.62 0.47 0.02 

Ca2+ (mg.dm-3) 0.60 2.50 4.90 2.40 5.00 6.50 3.00 

Mg2+ (mg.dm-3) 0.25 1.30 2.60 1.30 2.80 3.60 1.70 

H + Al (cmolcdm-3) 0.20 1.20 0.00 1.00 0.00 0.00 13.00 

SB (cmolcdm-3) 1.00 5.70 9.20 6.20 10.50 12.40 5.70 

CEC (cmolcdm-3) 1.20 6.90 9.20 7.10 10.50 12.40 18.60 

V (%) 80.60 82.50 100.00 86.60 100.00 100.00 30.40 

Cu (mg.dm-3) 0.59 0.76 0.99 0.80 1.05 0.78 ND 

Fe (mg.dm-3) 90.23 14.04 23.88 34.69 68.64 54.60 ND 

Mn (mg.dm-3) 10.64 27.36 41.60 54.75 60.10 33.54 ND 

Zn (mg.dm-3) 1.22 1.26 4.86 7.24 7.40 1.36 ND 

Soil density (mg.dm-3) 1.69 1.41 1.24 1.38 1.21 1.23 ND 

Particle density (mg.dm-3) 2.68 2.47 2.53 2.53 2.38 2.35 ND 

Total porosity (%) 37.03 44.57 49.73 45.72 49.24 47.53 ND 

Total sand (g.kg-1) 971.00 627.00 615.00 571.00 522.00 608.00 ND 

Silt (g.kg-1) 28.00 302.00 348.00 357.00 426.00 325.00 ND 

Clay (g.kg-1) 0.88 71.18 35.88 72.58 52.18 66.98 ND 

Ash (%) ND ND ND ND ND ND 8.37 

C (%) ND ND ND ND ND ND 55.65 

N (%) ND ND ND ND ND ND 1.80 

H (%) ND ND ND ND ND ND 5.76 

SD, sand; So, soil; SoM, soil + cured goat manure; SoV, soil + vermiculite; SoVM, soil + vermiculite + goat manure; 

SoMB, soil + goat manure + 30% biochar; EC, electrical conductivity; pH, potential of hydrogen determined in water; 

P, phosphorus content; Mg2+, magnesium content; Ca2+, calcium content; Na, sodium content; K+, exchangeable 

potassium; H + Al, potential acidity; SB, sum of bases (Ca+2 + Mg+2 + Na+1 + K+1); CEC, cation exchange capacity (H 

+ Al + SB); V%, saturation of bases (SB/CEC)*100; Cu, copper; Fe, iron; Mg, magnesium; Zn, zinc; ND, not 

determined. 

2.6 Emergence and growth of seedlings 

The final emergence percentage (%E) was calculated 14 days after sowing (DAS). The 

morphological characteristics were evaluated at 180 DAS involving measurement of shoot length 

(SL, cm) and root length (RL, cm) with a ruler (cm) and stem base diameter (SBD, mm) with a 
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digital pachymeter (0.01 mm). Then the seedlings were washed in tap water to remove substrate 

clumps and cut at the base of the stem and separated into organs (roots and shoots) to obtain the 

dry mass. The shoots and roots were placed in labeled brown paper bags and arranged in a forced-

air oven at temperature of 65 °C for 72 h. The shoot dry mass (SDM) and root dry mass (RDM) 

were determined by weighing with an analytic balance (precision of 0.0001 g) and the results 

were expressed in grams [27]. The total dry mass (TDM) was obtained by the sum of SDM and 

RDM. 

Based on these morphological characteristics, we evaluated the quality of the seedlings 

according to the collection site and substrate types by calculating the Dickson quality index (DQI) 

[28], according to Equation: DQI = (TDM (g))/((SL (cm))/(SBD (mm))+(SDM (g))/(RL (g))). 

2.7 Statistical analyses 

Initially we evaluated the normal distribution of residuals and homogeneity of variances by 

the Shapiro-Wilk test [29] and Levene test [30], respectively, at probability of 0.05. Then we 

analyzed the data by applying generalized linear models (GLM) [31]. After the GLM analysis, 

we investigated significant differences within the principal effects (substrates and collection sites) 

by pairwise comparison of the means using the post-hoc Tukey test (P < 0.05). The means were 

adjusted by the method of Šidák (1967) [32]. 

To evaluate the relationship of the different cultivation conditions, seed collection sites and 

morphological characteristics of the seedlings, we applied multiple factor analysis (MFA) 

utilizing the “FactoMineR” package [33] of the R software [34]. The MFA is used to analyze 

related multivariate characteristics and thus extract key information from the original dataset. The 

choice of the principal components was based on the quantity of variance explained, with a 

threshold of at least 70% of the total variance of the original dataset [35]. All the analyses were 

performed with the R software [34]. 

3. RESULTS AND DISCUSSION 

3.1 Germination (G%) and vigor (SV) of seeds 

The upper and lower water content (WC) values were observed for the seeds gathered at 

Cristália (6.90%) and Embrapa (5.20%), respectively (Table 2). There was a statistically 

significant difference (P < 0.05) between the collection sites for germination percentage (%G) 

and electrical conductivity test for seed vigor (SV). The highest values of %G were found for the 

seeds collected at Cristália (91.5 ± 2.22) and the lowest value in Caiçara (75.0 ± 3.70). The SV is 

related to the integrity of the cell membranes and is measured to determine the physiological 

quality of seeds, where low values denote low quantities of leachates (ions, sugars, organic acids, 

amino acids) in the absorbed water [36]. The seeds collected at Cristália, Embrapa and Pau Ferro 

had the best physiological quality. 
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Table 2. Water content (WC), germination percentage (%G) and electrical conductivity of seeds leachate 

- seed vigor (SV) of Handroanthus spongiosus (Rizzini) S. Grose (Bignoniaceae), collected in november 

2019 at Pau Ferro, Caiçara, Embrapa, Cristália and Jutaí, Pernambuco, Brazil. 

Sites WC (%) %G SV (µS.cm-1.g-1) 

Pau Ferro 5.27  84.0 ±3.16 b 129 ± 16.93 b 

Caiçara 5.26 75.0 ± 3.70 c 272 ± 22.23 a 

Embrapa 5.20  84.5 ± 4.35 b 126 ± 5.62   b 

Cristália 6.90  91.5 ± 2.22 a 114 ± 3.78   b 

Jutaí 5.24  82.0 ± 4.24 b 229 ± 21.63 a 

SW (P)  0.979 (0.862) 0.866 (0.014) 

L (P)  0.475 (0.754) 1.914 (0.160) 

CV%   8.68                 18.49 

Means followed by different lowercase letters in the columns differ statistically by the Tukey test at probability of 0.05. 

WC%, water content; SV, seed vigor - electrical conductivity of leachate; SW, Shapiro-Wilk test; L, Levene test; CV%, 

coefficient of variation; P-values between parentheses. Mean (± standard error). 

3.2 Physical and chemical properties of the substrates 

The low values of sum of bases (SB) in the substrates without addition of organic matter 

indicated that the cation exchange sites were filled, mainly by hydrogen cations (H+1) and 

aluminum cations (Al+3), which could have caused nutritional deficiency [37]. 

The addition of organic matter increased the quantity of magnesium (Mg2+), an element in the 

composition of chlorophyll molecules, active in photosynthesis, respiration and synthesis of 

carbohydrates [38]. There also was an increase in the availability of phosphorus (P), contributing 

to cell growth, energy transfer in root cells, photosynthesis and cell respiration [39]. Finally, there 

were increases in the levels of calcium (Ca2+), a nutrient essential for the development of the roots, 

maintenance of cell integrity and membrane permeability [23], as well as potassium (K+), sodium 

(Na+), manganese (Mn) and zinc (Zn). 

The addition of the goat manure also improved the physical attributes of the substrate, by 

increasing the total porosity and reducing its density. The density values reflect the compaction 

of the substrate; indeed, it is the most direct measure of compaction [40]. According to Andrade 

et al. (2018) [41], compacted substrates hinder the uptake of water and nutrients by the roots and 

cause deficient oxygenation. 

3.3 Emergence and growth of the seedlings 

The morphological variables that presented normal distribution of the residuals by the Shapiro-

Wilk test were emergence percentage (%E) (P < 0.346) and stem diameter (SBD) (P < 0.077), 

while regarding homogeneity of variances, only DQI presented homogeneous variances (P < 

0.802) (Table 3). The GLM analysis indicated significant interaction (P < 0.01) of the factors 

evaluated with all the morphological characteristics. 
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Table 3. Analysis of deviance (ANODEV) of emergence percentage (%E), shoot length (SL, cm), root 

length (RL, cm), shoot dry mass (SDM, g), root dry mass (RDM, g), stem base diameter (SBD, mm) and 

Dickson quality index (DQI) of seedlings of Handroanthus spongiosus (Rizzini) S. Grose (Bignoniaceae), 

from seeds collected in november 2019 at Pau Ferro, Caiçara, Embrapa, Cristália and Jutaí, 

Pernambuco, Brazil. 

Source of 

variation 

Analysis of Deviance (ANODEV)    

Df %E  SL RL SDM RDM SBD DQI 

Location (L) 4 56.37** 3.187** 3.214** 17.232** 38.016** 0.687** 4.2142** 

Substrate (S) 5 366.42** 11.283** 7.039** 49.107** 60.417** 2.735** 6.1032** 

L*S 20 77.22* 5.082** 7.032** 40.749** 70.254* 2.057** 8.6011** 

Shapiro-

Wilk 
 0.346 < 0.001 < 0.001 < 0.001 < 0.001 0.077 < 0.001 

Levene  < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.802 

CV%      21.70    19.27    22.54    17.23    22.35    27.04 16.12 

Df, degrees of freedom; %E, emergence percentage; RL, root length; SL, shoot length; RDM, root dry mass; SDM, 

shoot dry mass; SBD, stem base diameter; CV%, coefficient of variation; DQI, Dickson quality index. Significant 

differences were determined as P < 0.05 * and P < 0.01 ** by the F-test. 

The sand substrate was the cultivation condition that most favored %E of the radicle, with 

values between 46% (Jutaí) and 70% (Pau Ferro) (Table 4). This higher %E in sand can be related 

to the lower resistance to emergence and initial development of the seedlings’ organs and the 

better supply of water and oxygen necessary for emergence [42]. In this phase, the nutrient 

reserves of the seeds contribute sufficiently to the emergence, without the need for external 

sources of nutrients [43, 44]. The need for nutritional support from the substrate occurs with the 

expansion of the cotyledon, formation of the first true leaf and roots [45]. Sand alone does not 

provide this support, so it tends to produce seedlings with low biomass increment [46] and this 

was observed in our results. 
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Table 4. Average morphological responses observed for emergence percentage (%E), shoot length (SL, 

cm), root length (RL, cm) and stem base diameter (SBD, mm) in seedlings of Handroanthus spongiosus 

(Rizzini) S. Grose (Bignoniaceae) from seeds collected in november 2019 at Pau Ferro, Caiçara, 

Embrapa, Cristália and Jutaí, Pernambuco, Brazil. 

                                             Substrates 

 So SD SoV SoM SoVM SoMB 

Local                                            Emergence (%) 

Jutaí 7 bD 46 bA 7 aD 18 bC 12 cC 32 aB 

Cristália 19 aC 56 bA 7 aC 21 bB 24 bB 33 aB 

Caiçara 4 cC 49 bA 8 aC 19 bB 21 bB 14 bC 

Embrapa 34 aB 66 aA 4 aD 38 aB 50 aB 20 bC 

Pau Ferro 24 aC 70 aA 11 aC 26 aC 34 bB 15 bC 

      Shoot Length (cm) 

Jutaí 7.12 aC 5.24 aD 5.87 aD 14.90 aA 8.81 aC 11.77 aB 

Cristália 4.86 aC 4.48 aC 5.94 aC 15.88 aA 6.40 aC 11.94 aB 

Caiçara 4.43 aC 5.01 aB 5.63 aB 4.42 cC 6.30 aB 8.05 aA 

Embrapa 6.97 aC 4.50 aD 5.78 aD 12.67 bB 8.76 aC 13.32 aA 

Pau Ferro 5.30 aC 4.10 aC 6.77 aB 7.26 cB 8.90 aB 11.56 aA 

Stem base Diameter (mm) 

Jutaí 1.71 bC 1.84 aB 1.86 aB 2.59 aA 2.39 aB 2.13 bB 

Cristália 1.74 bC 1.57 aC 2.07 aB 2.91 aA 2.45 aA 2.69 bA 

Caiçara 1.36 bC 1.57 aC 1.78 bB 2.65 aB 2.46 aA 1.91 cB 

Embrapa 2.29 aA 1.60 aB 1.72 bB 2.24 bA 2.10 aA 2.18 bA 

Pau Ferro 2.43 aB 1.85 aB 2.11 aB 1.92 bB 2.53 aB 3.63 aA 

                                      Root Length (cm) 

Jutaí 19.48 bC 23.43 aB 28.95 bA 22.44 aB 
19.02 

aC 
14.12 cD 

Cristália 28.33 aB 26.14 aB 36.97 aA 22.66 aB 
13.29 

bC 
17.61 bC 

Caiçara 15.22 cB 28.88 aA 17.38 cB 7.67 cC 9.50 cC 9.65 cC 

Embrapa 26.00 aA 23.03 aB 29.73 bA 17.70 bB 
15.75 

aC 
19.57 bB 

Pau Ferro 22.77 bA 22.65 aA 23.97 bA 12.04 bB 
18.31 

aA 
22.58 aA 

SD, sand; So, soil; SoM, soil + goat manure; SoV, soil + vermiculite; SoVM, soil + vermiculite + goat manure; SoMB, 

soil + goat manure + 30% biochar. Means followed by different lowercase letters in the columns and different uppercase 

letters in the rows do not differ statistically by the Tukey test at probability of 0.05. 

During the experiment (december/2020-may/2021), we observed the death of the seedlings 

cultivated in sand and soil alone. This may have occurred due to the low relative humidity (67%), 

low levels of rainfall (244 mm) and high temperatures (27 °C) at the experiment site, which caused 

rapid drying and an increase in the temperature of the substrates after irrigation. Moreover, the 

soil substrate suffered from compaction in the initial days of the experiment, hampering the 

emergence and growth of the seedlings.  

The addition of goat manure and biochar to the substrates favors the growth of the shoot (SL) 

and stem diameter (SBD) of the seedlings. The highest SL values were observed in the seedlings 

from seeds collected at Cristália (15.88 cm) and Jutaí (14.90 cm) cultivated in SoM (Table 4; 

Figure 2). On the other hand, the largest SBD values were found in seedlings from seeds gathered 
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at Pau Ferro (3.63 mm) and Cristália (2.91 mm), cultivated in SoMB and SoM, respectively. The 

root lengths (RL) were higher on seedlings grown in the soil, sand and SoV substrates, with the 

standouts being the seedlings grown in SoV from seeds collected at Cristália (36.97 cm), Embrapa 

(29.73 cm) and Jutaí (28.95 cm). However, it is noticed that the volume of roots is smaller in these 

substrates in relation to substrates with the addition of manure and biochar. 

 
Figure 2. Seedlings of Handroanthus spongiosus (Rizzini) S. Grose (Bignoniaceae) formed from seeds 

collected in november 2019 at Pau Ferro and 180 days after sowing (DAS) in different cultivation 

conditions. 

The dry mass production increased with addition of manure (Table 5), associated with the 

accumulation of nutrients extracted from these substrates during the development of the plants, 

since manure is a good source of macro and micronutrients [23]. 

Definition of the time for seedlings to remain in nurseries generally depends only on shoot 

length and stem diameter, without paying attention to the size of the roots [47]. However, it is 

intuitive that well-developed roots favor the formation of healthy seedlings, by fortifying the 

entire structure, increasing the chances for growth and development in the field, especially in arid 

and semiarid regions where erratic rainfall is among the most restrictive factors for establishment 

[48]. 

The Dickson quality index (DQI) is considered a good indicator of seedling quality because it 

reflects the balance in distribution of dry biomass and growth between the shoots and roots, 

enabling the choice of seedlings better able to adapt to adverse field conditions [47]. Higher values 

of this index are associated with greater chance of survival and establishment of seedlings in the 

field [49, 50]. 

The greatest Dickson quality indices were obtained for the seedlings originating from seeds 

collected at Pau Ferro and cultivated in SoMB (0.996) and those from seeds gathered at Embrapa 

and cultivated in SoVM (0.991). 
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Table 5. Average morphological responses observed for shoot dry mass (SDM, g), root dry mass (RDM, 

g) and Dickson quality index (DQI) of seedlings of Handroanthus spongiosus (Rizzini) S. Grose 

(Bignoniaceae) from seeds collected in november 2019 at Pau Ferro, Caiçara, Embrapa, Cristália and 

Jutaí, Pernambuco, Brazil. 

  Substrates  

 So SD SoV SoM SoMV SoMB 

Location Shoot Dry Mass (g) 

Jutaí 0.158 bC 0.388 aC 0.103 cC 1.415 bB 1.227 bB 2.943 aA 

Cristália 0.299 bC 0.428 aC 0.463 bC 1.979 bA 1.125 bB 2.104 bA 

Caiçara 0.944 aA 0.353 aB 0.186 cC 0.234 cB 0.452 cB 0.356 cB 

Embrapa 0.604 aB 0.320 aC 0.642 aB 2.725 aA 2.741 aA 2.066 bA 

Pau Ferro 0.170 bC 0.257 aC 0.384 bC 2.325 aB 3.220 aA 2.397 aB 

                     Root Dry Mass (g) 

Jutaí 0.295 cC 1.399 aB 0.460 cC 1.436 cB 1.851 cB 3.326 aA 

Cristália 0.616 bC 0.984 bC 2.319 aB 3.279 aA 2.318 bB 2.893 aB 

Caiçara 1.292 aA 0.794 bB 0.940 bA 0.242 dC 0.212 dC 0.295 bC 

Embrapa 1.702 aC 0.875 bD 0.952 bD 2.849 aB 3.317 aA 3.629 aA 

Pau Ferro 0.427 bD 0.634 cC 0.693 cC 2.130 bB 4.291 aA 2.942 aB 

                                                    Dickson Quality Index  

Jutaí 0.205 bC 0.525 aB 0.168 cD 0.372 bC 0.810 aA 0.948 aA 

Cristália 0.278 bC 0.388 bB 0.915 aA 0.905 aA 0.983 aA 0.984 aA 

Caiçara 0.625 aA 0.323 bB 0.335 bB 0.172 cC 0.140 bC 0.105 cC 

Embrapa 0.675 aB 0.350 bC 0.425 bC 0.770 aB 0.991 aA 0.885 aA 

Pau Ferro 0.222 bC 0.360 bB 0.290 bC 0.458 bB 0.988 aA 0.996 aA 

SD, sand; So, soil; SoM, soil + goat manure; SoV, soil + vermiculite; SoVM, soil + vermiculite + goat manure; SoMB, 

soil + goat manure + 30% biochar. Means followed by different lowercase letters in the columns differ statistically and 

means followed by different uppercase letters in the rows do not differ statistically by the Tukey test at probability of 

0.05. 

The relationship of the seed collection sites, cultivation conditions and morphological 

characteristics of the seeds could be observed from the results of the multiple factor analysis 

(MFA) (Figure 3). Principal component 1 (PC1) explained 56.43% of the variability of the data 

while principal component 2 (PC2) explained 17.24%, for a total of 73.67%. Figure 3a shows that 

the characteristics which most contributed to the construction of PC1 were SL, SBD, SDM, RDM 

and DQI, in contrast to PC2, which received the greatest contributions from RL and %E. The seed 

collection sites Pau Ferro, Embrapa and Cristália together with the cultivation conditions SoM, 

SoVM and SoMB were positively associated with PC1. This suggests a similar performance of 

these three substrates, as can be seen in Figure 3b. On the other hand, the sites Jutaí and Caiçara 

along with the cultivation conditions So, SD and SoV were positively associated with PC2 

(Figure 3b). 
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Figure 3. Multiple factor analysis related to %E and morphological characteristics of seedlings of 

Handroanthus spongiosus (Rizzini) S. Grose (Bignoniaceae) cultivated in different substrates from seeds 

collected in november 2019 at Pau Ferro, Caiçara, Embrapa, Cristália and Jutaí, Pernambuco, Brazil. 

Circle of correlation between the morphological responses (a); relation between seed collection locations 

and substrates (b). SD, sand; So, soil; SoM, soil + goat manure; SoV, soil + vermiculite; SoVM, soil + 

vermiculite + goat manure; SoMB, soil + goat manure + 30% biochar. The pentagons correspond to the 

seed collection locations; the triangles correspond to the cultivation conditions. %E, emergence 

percentage; SL, shoot length; RL, shoot length; SBD, stem base diameter; SDM, shoot dry mass; RDM, 

root dry mass; DQI, Dickson quality index. 

These results corroborate those found in the univariate analysis, in which the substrates with 

addition of organic matter generally had the best physical-chemical attributes, promoting better 

morphological characteristics of the seedlings. The use of this type of analysis complements 

univariate analysis, enabling an overview of the interplay of the cultivation conditions, seed 

collection sites and morphological characteristics of the seedlings. 

Therefore, the employment of agricultural wastes, such as goat manure and biochar, can favor 

farmers with small and medium-sized operations because these residues are easily available at 

zero or low cost. 

The seedlings from seeds gathered at Caiçara presented different results from the others since 

the best yields were obtained with use of soil and sand alone. These results confirmed our 

hypothesis that the collection site and type of substrate used would influence the quality of the 

H. spongiosus seeds.  

The addition of goat manure to the soil provided better results in the development and 

formation of H. spongiosus seedlings. Biochar has an important effect of increasing water 

retention in the soil or in substrates and this can be important in regions with a semiarid climate 

characterized by high temperatures and low rainfall concentrated in some months of the year. 

In environments where there is no formation of organic matter on the surface that favors the 

emergence and recruitment of seedlings, as is the case of the Caatinga, an alternative would be 

the production of seedlings in a nursery using goat manure in the preparation of the substrate. 

Direct sowing in a substrate with only sand allows rapid emergence, however it produces 

smaller seedlings with a low increase in biomass. Substrates with goat manure, despite not 

favoring a quick emergence, produce larger seedlings with a greater increase in biomass and with 

better distribution between shoots and roots. 

We did not evaluate the performance of the seedlings after transplantation in the field, only at 

the nursery area, so more studies are necessary focused on the survival and growth of 

H. spongiosus in field conditions.  
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4. CONCLUSION 

The results presented here can help support the production of seedlings for restoration of 

degraded seasonal dry tropical forests, and can be used as a basis for production of seedlings of 

other species. The addition of goat manure and biochar in the formulation of the substrates can 

improve the development of H. spongiosus seedlings and increase the economic benefits in 

nursery operations, because these inputs are locally abundant. The determination of the best places 

to collect seeds will facilitate decisions on the implementation of H. spongiosus nurseries for 

production of high-quality seedling. 
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