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Abstract 

The use of organic waste for the preparation of seedling substrates is an im-
portant environmental and economic option. In this perspective, substrates 
using biochar emerges as an alternative for seedling production due to their 
favorable physical and chemical characteristics. The present study aimed to 
evaluate the efficiency of doses of poultry litter biochar as a substrate consti-
tuent for the production and quality of the seedlings. The work was con-
ducted in a semi protected environment, belonging to the Federal University 
of Campina Grande—UFCG. The statistical design used was completely ran-
domized in a 6 × 2 factorial scheme, consisting of 6 doses of biochar (0, 4, 8, 
12, 16 and 20 t∙ha−1) and two varieties of melon (Yellow and Hales Best Jum-
bo) with 4 repetitions totaling 48 experimental units. The fresh and dry plant 
phytomass mass (aerial, roots and total), root length and the quality of seedl-
ings were evaluated. It was concluded that the addition of poultry litter bio-
char to the substrate was beneficial, promoting an increase in the analyzed 
seedling variables, being the ideal dose for good development of melon 
seedlings 12 t∙ha−1. The Yellow variety presented a better response than the 
Hales Best Jumbo to the charcoal application. Considering the advantages of 
the use of poultry litter biochar on the substrate composition, found in the 
present study, its utilization constitutes a viable alternative for the develop-
ment of melon seedlings and for the environmental disposal of the poultry 
litter. 
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1. Introduction 

The melon (Cucumis melo L.) is an oleracea of great national and international 
economic importance and although being an oleracea, in Brazil is commercia-
lized as a fruit [1]. The melon is much appreciated, occupying in Brazil an area 
of 23.324 thousand ha with a fruit production of 581.478 thousand tons [2]. The 
Northeast is highlighted as a great production region, with the Rio Grande do 
Norte and Ceará states responsible by the biggest productions. The crop is con-
centrated in these regions mainly due to the favorable characteristics of the soil 
and climate of the semi-arid that influence positively the growth, development 
and productivity of the melon [3]. 

One of the main factors that influence the agronomic behavior of the oleracea 
is the seedlings’ production [4] [5]. In general, the success of the seedlings pro-
duction is the choose of a substrate that presents adequate physical and chemical 
characteristics, physical support [6] that furnishes the necessary nutrients for an 
adequate plant development [7]. The characteristic of the substrate influences 
highly the seedlings development, because provides beyond of physical support, 
nutritional supply until the transplant of them to the definitive production local 
[6]. Good quality seedlings will develop better and will provide a radicular sys-
tem with better adaptation capability for the new local after transplant, affecting 
significatively the production [8]. 

In this context, the use of alternative materials for the composition of organic 
substrates has been tested. These materials besides of contribute to an ecological 
equilibrium, reducing the addition of chemical product to the soil, reduce also 
the cost of the substrate and therefore the seedlings production [9]. The mate-
rials constituting the organic substrate are usually easily obtained, mainly be-
cause are normally available in the same rural property or nearby locals, as crop 
or industrial residues [6].  

Among the available alternative materials, it is found the biochar, a product 
derived by a pyrolysis process on which vegetal biomass with a high carbon con-
tent is decomposed in an atmosphere with absence of oxygen and temperatures 
varying between 350˚C a 700˚C [10]. The biochar, attends adequately the neces-
sary requirements for seedlings production, where its benefits are related with its 
properties: high porosity, high water retention availability and high cationic ex-
change capacity. These properties favor the nutrients retention avoiding their 
losses, the direct nutrient furnishment and providing a habitat for benefic mi-
croorganisms that also can promote the nutrient liberation and the absorption 
by the plants [11]. 

The broiler production generates a significant amount of residues, highlight-
ing the poultry litter [12], constituted by a mixture of excrements, feathers, rest 
of feeds and lignocelluloses materials that absorb humidity found on the poultry 
production floors [13]. Due to the high risks of negative environmental impacts 
caused by these residues, its utilization as a raw material for the production of 
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biochar, can become an important alternative to minimize these impacts [14]. 
According to Jeffery et al. [15], the poultry litter biochar’s proportionate the 
highest increase in growth and productivity of agricultural crops. 

Chaves et al. [13] characterizing the poultry litter biochar for agricultural use 
inform that this material presents a considerable level of nutrients, mainly 
phosphorus and potassium, and a high cation exchange capacity, increasing thus 
the availability of these nutrients with positive impacts on crop production.  

Pereira et al. [14] observed that ashes of poultry litter have higher concentra-
tion of phosphorus and potassium, essentials for the plant development, indi-
cating thus that this material has a high potential for the biochar production.  

Considering these facts and searching for a viable alternative for the produc-
tion of more vigorous melon seedlings (Cucumis melo L.), the objective of the 
present work was to evaluate the response of the seedings to different doses of 
poultry litter biochar forming part of the substrate composition.  

2. Materials and Methods 

The experiment was carried out in a greenhouse at the Agricultural Engineering 
Department, Federal University of Campina Grande, Paraiba State, Brazil 
(07˚13'11''S; 35˚53'31''W) using soil collected at the 0 - 20 cm depth layer from 
the Agreste Region of Paraíba.  

Soil samples characterized chemical and physically, according to Teixeira et al. 
[16], presented the following attributes: pH(H2O) = 5.75; ECse = 0.16 dS∙m−1; Ca = 
1.56 cmolc∙kg−1; Mg = 1.18 cmolc∙kg−1; Na = 0.06 cmolc∙kg−1; K = 0.26 cmolc∙kg−1; 
H = 1.27 cmolc∙kg−1; organic matter = 14.8 g∙kg−1; P = 4.9 mg∙kg−1; clay = 158.5; 
silt = 120.7 and sand = 720.8 g∙kg−1. 

The biochar utilized was generated throughout a pyrolysis process when 
poultry litter bed was submitted to a thermal decomposition at a temperature of 
450˚C, in the absence of oxygen. After the production, biochar samples were 
placed in a dry oven and submitted to a temperature of 65˚C ± 5˚C, until con-
stant weight, and analyzed chemically according to the Official Analytical Me-
thods for Fertilizers and Correctives Handbook [17] recommended by the 
ASTM: D1762-84 [18] (2007) and developed for vegetal charcoal.  

The biochar utilized had the following composition: pH(H2O) = 9.45; N = 
3.45%; P = 7.78%; K = 4.90%; Ca = 6.83%; Mg = 1.34%; S = 0.76%; Fe = 0.46%; 
Cu = 0.04%; Zn = 0.08%; Mn = 0.09%; B =0.01%; organic carbon = 39.77%; or-
ganic matter = 68.56%; C/N = 11.53% and CEC = 388.90 mmolc/kg.  

The experimental design used was a completely randomized factorial, with a 6 
× 2 scheme, consisting of six doses of biochar (D0 = 0, D4 = 4, D8 = 8, D12 = 12, 
D16 = 16, and D20 = 20 t∙ha−1) and two melon varieties (V1 = Yellow and V2 = 
Hales Best Jumbo) with 4 replicates, totalizing 48 experimental units. 

The experimental units consisted of plastic bags (15 × 28 cm) with holes on 
their bottom for water drainage, filled with dried soil, biochar and vermiculite 
and sieved on a 2 mm mesh sieve. These substrates consisted of a mixture of soil 
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and vermiculite in a 1:10 ratio, and the increasing doses of biochar (0; 10; 20; 30; 
40 and 50 grams of biochar per kg of soil). Afterwards they were left in incubation 
for a period of 90 days keeping the substrates moisture close to the field capacity. 
The addition of vermiculite in the experimental units aimed to make the soil less 
dense and compacted, as well as airier. After the incubation period, substrate sam-
ples were collected from the experimental units, air-dried, grounded, sieved with 
a 2 mm mesh and analyzed according to the methodology proposed by [16].  

Sowing was carried out by placing in each experimental unit four seeds dis-
tributed equidistantly at 2 cm soil depth, and after fourteen days plants thinning 
was conducted keeping the most vigorous plant in each experimental unit. 

Manual irrigation was carried out daily in order to keep the soil to the field 
capacity aiming the best germination of the seeds, the emergence of seedlings 
and plant development. Undesired plants that appeared in the experimental 
units during the experiment were eliminated manually. No mineral fertilization 
was used in the experiment.  

Thirty-one days after sowing (DAS), the seedlings were collected evaluating 
the fresh phytomass of the leaf (FLP), of the stem (FSP), of the aerial part of the 
plant (FAP), of the root (FRP) and of the total phytomass (FTP). Also were eva-
luated the dry phytomass of the leaf (DLP), of the stem (DSP), of the aerial part 
of the plant (DAP), of the root (DRP) and of the total phytomass (DTP). Finally, 
the root length and the Quality Index of Dickson (DQI) were evaluated.  

The fresh phytomass was determined sectioning the plants in leaves, stem and 
roots and weighed in an analytical balance. The roots were carefully retired, 
washed and measured their length. The dry phytomass was determined washing 
the fresh harvested plant material with deionized water and dried on an oven 
with forced ventilation at 65˚C until a constant weight was achieved.  

The Quality Index of Dickson (DQI), which considers the equilibrium of the 
most important plant biomass components evaluated, such as plant height, stem 
diameter and biomass [19] was obtained by using the Equation (1) [20]: 

=
+

TDPDQI PH ADP
SD RDP

                         (1) 

where: DQI = Quality Index of Dickson; TDF = Total dry phytomass (g∙planta−1); 
ADP Aerial dry phytomass (g∙planta−1); RDP = Root dry phytomass (g∙planta−1); 
PH = plant height (cm) and SD = stem diameter (mm).  

Plant height (PH) in cm, was measured with a tape and the stem diameter 
(SD) in mm, with the aid of a digital caliper, placing it on the plant’s neck. Plant 
height and stem diameter information was obtained from research in press. 

The results obtained were submitted to the homogeneity (Cochran and Bar-
tlett), and to the normality test (Shapiro-Wilk). With the exception of the root 
length and the aerial dry phytomass, the other parameters were submitted to the 
analysis of variance by the F test at 1 and 5% probability. When there was signif-
icant effect for these, polynomial regression analysis was used for biochar doses. 
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Comparison between melon varieties conducted by using the T-student test 
(p-value or p < 0.05, is the level of confidence).  

To attend normality for the variables FLP, FSP, FRP e FTP, they were trans-

formed in 
1.7929 1
1.7929
x − ; 

0.9848 1
0.9848

x − ; x  and 
0.3787 1
0.3787

x − , respectively. The root  

length (RL) and aerial dry phytomass data (DAP), which did not reach the re-
quirements of normality for the ANOVA tests, were analyzed utilizing the 
Kruskal and Wallis non-parametric statistical method [21]. 

3. Results and Discussion 

After applying biochar to the soils and incubating for 90 days, the poultry litter 
biochar doses affected significantly influenced all chemical properties of the soil 
(Table 1).  

Soil pH values increased in a quadratic way after the addition of the biochar 
where the highest pH value was 7.55 with the 17.18 t∙ha−1 dose (Figure 1(a)), 
producing an increase of 25%, with respect to the 0 dose. This increase was ex-
pected since the pH of the poultry litter biochar was 9.45. According to Sparks 
[22], changes in soil pH occur when cations from biochar remove aluminum 
(Al) from the clay and/or organic matter exchange sites reacting it with soluble 
monomeric Al species, or due the subsequent dissolution of hydroxides and 
carbonates [23]. Therefore, the biochar acts as a soil acidity corrector. 

The Electrical Conductivity (EC) of the substrate increased linearly with the 
biochar reaching a value of 1.45 dS∙m−1 for the 20 t∙ha−1 dose (Figure 1(b)). The 
results agree with [24] who also working with poultry litter biochar doses ob-
served an increase of the EC, with the biochar application reaching a value of 
0.39 dS∙m−1 with the 30 t∙ha−1 dose. The increase of the EC of the substrate with 
the biochar is related with the increase of the exchangeable bases of potassium 
calcium, magnesium and sodium, available in the biochar, as will be commented 
afterwards.  
 

Table 1. Analysis of variance for the pH, electrical conductivity (EC), calcium Ca), magnesium (Mg), sodium (Na), potassium (K), 
organic matter (OM), organic carbon (C) and phosphorus (P) in the substrate as influenced by the biochar doses. 

Source of  
Variation 

DF 
Mean Square 

pH EC Ca1 Mg Na K OM C P 

Biochar Doses 5 1.45** 0.45** 0.057* 11.92* 0.55** 9.80** 309.57** 104.16** 55101.73* 

Linear 1 6.12** 2.10** 0.028* 14.86** 2.74** 47.61** 1499.1** 504.40** 150709.5** 

Quadratic 1 0.98** 0.01ns 0.099** 32.43** 0.006ns 0.38** 13.8ns 4.64ns 120797.1** 

Desvio 3 0.04* 0.05** 0.053** 4.10ns 0.010ns 0.33** 11.6ns 3.91ns 1333.9ns 

Error 18 0.009 0.008 0.006 1.37 0.01 0.02 6.94 2.33 6696.06 

CV(%)  1.41 8.84 12.56 13.74 9.19 5.49 9.04 9.04 37.43 

Mean  7.06 1.02 0.60 8.53 1.12 2.51 29.14 16.90 218.61 

DF: Degree of Freedom; * and**: significant (0.05 ≤ p) and (0.01 ≤ p) probability of error. ns: not significant; CV: Coefficient of Variation; 1= data trans-

formed into 1 x . 
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Figure 1. pH (a), electrical conductivity (b), potassium (c), sodium (d), phosphorus (e) and organic carbon (f) after incubation 
period for the biochar treatments. 

 
Ayers and Westcot [25] indicate that substrates with an Electrical Conductiv-

ity over 1 dS∙m−1 prejudice most of the plants sensible to salinity conditions. In 
the present study, the substrates that received more than 10 t∙ha−1 and presented 
CE values over 1 dS∙m−1 prejudicated the melon seedlings behavior. Silva et al. 
[26] utilizing poultry litter biochar in substrates with arugula obtained an elec-
trical conductivity of 3.05 dS∙m−1 observed elevated concentrations of potassium 
and phosphorus in the substrate, and low dry phytomass of the aerial, root and 
total part of the plant, results similar to the ones obtained in the present work. 
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Equal results were also reported by [27] working with lemon rootstocks.  
The exchangeable cations content (potassium and sodium) increased with 

poultry litter biochar concentrations in a quadratic and linear form, respectively, 
which is in accordance with previous studies [24] [28] [29]. According to Figure 
1(c) and Figure 1(d), the concentrations of potassium and sodium, 4.40 
cmolc∙kg−1 and 1.61 cmolc∙kg−1, were obtained with the highest dose of biochar 
(20 t∙ha−1), with an increase of around 1492% and 160%, between these values 
and the control, respectively. These data are similar to the 1754% and 151%, 
found by [29], evaluating an increase in the levels of potassium and sodium in 
soil with application of the same biochar. The release of these elements in the 
soil influences the growth of plants, as occurred in the present research in rela-
tion to the development of seedlings (Figure 2 and Figure 3).  

The available phosphorus increased with the biochar obtaining the highest 
concentration (312.68 mg∙dm−3) with the dose of 13.26 t∙ha−1 of biochar (Figure 
1(e)), i.e., there were increased of 3905% in relation to control, corroborating 
[29] who observed a 5131% increase in her experiment. This high significantly 
increase is probably due to the presence of potassium phosphate in the biochar 
composition, or because biochar of chicken manure in the soil increase mycorr-
hizal colonization and the availability of phosphorus P in the soil.  

According to Bohara et al. [30] biochar changes the relative distribution of 
phosphorus species in the soil in a beneficial way increasing their availability for 
crops. Therefore, this fact probably influenced significantly the seedling produc-
tion variables as will be shown in Figure 2 and Figure 3.  

The content of soil organic carbon increased linearly with biochar concentra-
tions (Figure 1(f)). This is probably because biochar also undergoes biodegrada-
tion, although it is considered stable in the soil system [28]. 

Observing the variance analyses for the melon seedlings variables studied 
(Table 2), it was observed high significant effects of the applied doses of biochar 
on the isolated factors as much of their interactions.  

The variance analyses for the fresh leaf phytomass (FLP), for the stem (FSP), 
for the aerial part of the plant (FAP) and for the total fresh phytomass (FTP) of 
the Hales Best Jumbo variety showed high significant effects of the biochar doses 
on the variables studied, however, as the coefficients of determination (R2) were 
very low for quadratic regressions, 0.19; 0.35; 0.30; 0.41, respectively, do not 
represent their behavior. Therefore, these regressions are not discussed.  

With respect to the fresh leaf phytomass (FLP) (Figure 2(a)), the results were 
adjusted to a quadratic model where the Yellow variety (V1) obtaining a FLP of 
149.52 g (22.66 g, not transformed data) with the biochar dose of 10.38 t∙ha−1. 
Petter et al. [31] (2012a), evaluating the potential of wood biochar for the pro-
duction of eucalyptus seedlings utilizing 5 biochar concentrations added to a 
commercial substrate, observed that the best results were obtained in the sub-
strates with 7.5% of biochar, thus as in the present work, lower concentration of 
biochar produced better production. 
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Table 2. Analyzes of variance for the fresh leaf phytomass (FLP), for the stem (FSP), for 
the aerial part of the plant (FAP), for the root (FRP) and for the total fresh phytomass 
(FTP) of the melon varieties submitted to biochar doses. 

Source of variation  
Mean square 

FLP FSP FAP FRP FTP 

Biochar dose (D) 13,422.03** 55.18** 383.75** 37.17** 643.12** 

Melon Variety (V) 3482.63** 48.18** 0.07ns 0.02ns 0.01ns 

D x V 5612.92** 17.54** 118.42** 4.58ns 166.99** 

Dose within V1      

Linear 801.0* 2.91ns 32.99** - 100.92** 

Quadratic 4702.2** 186.75** 1426.42** - 2316.03** 

Deviation 1767.7** 26.43** 48.23** - 71.34** 

Dose within V2      

Linear 1637.5** 19.07** 106.91** - 198.35** 

Quadratic 6549.2** 14.35** 164.06** - 377.25** 

Deviation 11,285.1** 20.41** 211.92** - 281.33** 

Residue 128.26 48.498 3.74 2.12 7.92 

Variation Coefficient 10.67 10.58 6.63 34.86 8.44 

Mean 106.11 10.97 29.17 4.18 33.35 

*, **significant to the 0.05 and 0.01 probability, respectively, nsnot significant. 

 
For the fresh stem phytomass, FSP (Figure 2(b)), the data was adjusted to a 

quadratic model with a maximum value of 15.24 g with the biochar dose of 10.36 
t∙ha−1 for the Yellow variety. 

Evaluating the significant interaction effect of the biochar doses for the FAP of 
the Yellow variety (Figure 2(c)) it was observed that the results were adjusted to 
a quadratic model with the highest production of 38.26 g for the dose of 10.44 
t∙ha−1. Galvão et al. [32] evaluating the behavior of chicory seeedlings (Eryngium 
foetidum L.) when submitted to chemical and organic fertilization associated to 
biochar, observed positive results with an aerial fresh phytomass of 0.48 
g∙planta−1 when compared to the witness with only 0.26 g∙planta−1, a production 
85% higher. The fresh phytomass of the root (FRP) was affected significantly by 
the biochar doses following a quadratic model with a maximum production of 
6.29 g with the estimated biochar doses of 11.38 t∙ha−1, decreasing with further 
increase of biochar (Figure 2(d)). Evaluating the effect of the addition of euca-
lyptus sawdust biochar on the lettuce fresh phytomass of the root, Silva et al. 
[33] also observed a quadratic tendence obtaining the maximum FRP with the 
substrate containing 5% of biochar. 
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Figure 2. Fresh phytomass of the leaf (FLP) (a), for the stem (FSP) (b), for the aerial part of the plant (FAP) (c), for the root (FRP) 
(d) and for the total phytomass (FTP) (e) of the Yellow melon variety. Means followed by the same letter do not differ. 

 
Evaluating the significant interaction effect of the biochar doses on the fresh 

total phytomass (Figure 2(e)) it was verified that the data was adjusted to a qu-
adratic model with a maximum production of 44.97 g with the dose of 10.62 
t∙ha−1, for the Yellow variety. The high FTP observed with the biochar applica-
tion demonstrate a good performance of the melon seedlings at biochar applica-
tion, fact probably due to the high nutrient availability that the biochar produces 
[30] mainly due to the presence of reactive surfaces of the aromatized structures 
in the biochar pores [34]. 
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The biochar doses affected significatively all the dry phytomass evaluated. The 
melon varieties affected only the dry stem phytomass (DSP) and the Dickson 
quality index (DQI). The biochar doses x melon variety affected the DLP, the 
DRP, the DTP and also the DQI (Table 3).  

The biochar doses x varieties interaction influenced significatively the dry leaf 
phytomass (Figure 3(a)) presenting a quadratic adjust just for the Yellow variety 
(V1) with a maximum phytomass of 1.26 g (2.27 g not transformed) for the dose 
of 8.82 t∙ha−1. 

Analyzing the dry stem phytomass (DSP) as affected by the biochar doses 
(Figure 3(b)), it was observed that the data was adjusted to a quadratic model 
with the highest phytomass (0.98 g) obtained with the biochar dose of 10.06 
t∙ha−1. For the dry root phytomass (DRP) it is possible to observe a quadratic 
performance for both varieties with a maximum of 1.57 g (2.46 g—not trans-
formed) for the dose of 10.71 t∙ha−1 for the Yellow variety and 1.34 g (1.39 
g—not transformed) for the dose of 12.04 t∙ha−1 for the Hales Best Jumbo 
(Figure 3(c)). Working with Tachigali vulgaris, Souchie et al. [35] verified that 
the application of eucalyptus wood biochar to the substrate started to be signi-
ficative important for the dry root phytomass after the application of a volume 
equal to the 12.5% of the total volume of the substrate.  
 
Table 3. Analyzes of variance for the dry leaf phytomass (DLP), dry stem phytomass 
(DSP), dry root phytomass (DRP), dry total phytomass (DTP) and for the Dickson quali-
ty index (DQI) for the melon varieties submitted to biochar doses. 

 
Mean Square 

DLP DSP DRP DTP DQI 

Biochar doses (D) 1.06** 0.61** 1.6** 3.10** 0.133** 

Melon variety (V) 0.06ns 0.73** 0.0005ns 0.01ns 0.068** 

D x V Interaction 0.42* 0.06ns 0.28** 0.74** 0.025* 

Dose within V1      

Linear 0.52ns - 0.36* 9.00e−6ns 0.006ns 

Quadratic 3.33** - 4.60** 11.59** 0.31** 

Deviation 0.20ns - 0.25** 0.38* 0.04** 

Dose within V2      

Linear 0.01ns - 0.63** 0.703* 0.02ns 

Quadratic 0.90ns - 1.17** 2.085** 0.19** 

Deviation 0.93** - 0.37** 1.250** 0.03* 

Resídue 0.13 0.027 0.05 0.11 0.009 

VariationCoefficient 44.11 22.05 20.98 20.02 34.08 

Mean 0.85 0.50 1.06 1.71 0.29 

*, **significant to the 0.05 and 0.01 probability, respectively, nsnot significant. 
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Figure 3. Effects of the biochar doses for the dry leaf phytomass (a), dry stem phytomass (b), dry root phytomass (c), dry total 
phytomass (d); effects of the varieties for the dry stem phytomass (e); effects of the treatments for the root length (g), for dry aerial 
part phytomass (h) and for the Dickson quality index (f). (V1 = Yellow, V2 = Hales Best Jumbo). Means followed by the same 
letter do not differ. 
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It was also observed a significative effect of the dry total phytomass and a qu-
adratic performance for both varieties with a maximum of 2.53 g (5.89 g—not 
transformed) for the dose of 10.01 t∙ha−1 for the Yellow variety and 2.06 g (4.58 
g—not transformed) for the dose of 11.68 t∙ha−1 for the Hales Best Jumbo 
(Figure 3(d)). The dry total phytomass is normally used to express the produc-
tivity of the plant [36]. The optimum biochar doses for both varieties, found on 
the present work, are similar to the 11.39 g found by [37] who evaluated the ef-
fect of different doses of vegetal charcoal (0%, 10%, 30%, 50% and 70 % in vo-
lume of charcoal per soil volume) on the seedlings production of Brazilian 
chestnuts (Bertholletia excelsa H. B. K).  

Analyzing the effect of the varieties (Figure 3(e)), the best results were ob-
tained with the Yellow variety (0.83 g), 22.06% bigger than the one obtained for 
the Hales Best Jumbo (0.68 g). 

The root length for both melon varieties were also analyzed utilizing the 
Kruskal and Wallis, non-parametric method [21] (Figure 3(g)), It was observed 
that the Yellow variety responded better that the Hales Best Jumbo with the bi-
ochar application. The higher values of the Yellow variety, when the substrate 
was fertilized with 12 and 20 t∙ha−1 of biochar were of 26.5 to 30.88 cm, and for 
the Hales Best Jumbo of 23.75 to 25.8 cm with an application of 8 and 16 t∙ha−1 
of biochar (not transformed data). 

Mendes et al. [38] studying the effect of different substrates (coconut fiber, 
worm humus, vermiculite and sieved carnauba rests) found that the physical 
characteristics of the used substrates influenced the root growth, indicating that 
the substrate that proportionated the bigger aeration and water retention pro-
duced the better root formation of the carnauba seedlings. Zanetti et al. [27] 
confirm this, indicating that the biochar application increase porosity and aera-
tion improving the root exploration. Melo et al. [39] add that a greater root de-
velopment is very important for the plant growth, considering that well devel-
oped roots can provide a greater water and nutrients absorption. Hermann [40] 
indicates that the dry root phytomass is one of the most important parameters 
for the establishment and survival of the seedlings in the field, because the roots 
are totally associated with the physiological characteristics of the seedlings. 

When the dry aerial phytomass data (Figure 3(h)) was analyzed by the 
Kruskal and Wallis, non-parametric method [21] it was observed the higher 
values of the Yellow variety, when the substrate was fertilized with 4 t∙ha−1 of bi-
ochar obtaining a dry phytomass of 3.57 g∙plant−1, and a phytomass for the Hales 
Best Jumbo of 3.49 4 t∙ha−1 with an application of a doses 4 t∙ha−1 of biochar, de-
creasing with higher doses. Souza et al. [41] comparing the poultry bed biochar 
with the Plantmax® commercial substrate indicate that considering the dry aerial 
phytomass and the low cost of the first product it can efficiently substitutes the 
commercial one. 

Silva et al. [28] studying the use of rice bark biochar, saw dust and sorghum 
silage rests observed that the biochar concentration of 2.5%, 5% and 7.5% v/v 
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incremented the dry root, the dry aerial and the dry total plant phytomass. 
The results found in the present work are probably related to the high nutrient 

concentration of the biochar. The organic matter accumulation and nutrient 
availability, such as phosphorus and potassium, furnished by the biochar appli-
cation are related to a formation of carbon skeletons in the substrate structure, 
which permit a satisfactory development of the plants [42] [43]. 

The biochar doses x variety interaction influenced significatively the Dickson 
Quality Index (Figure 3(f)), varying from 0.049 to 0.055 for the Yellow variety 
(V1) and 0.435 to 0.076 for the Hales Best Jumbo (V2) adjusting both of them to 
a quadratic model. For the V1 variety the highest DQI was 0.37 with 10.31 t∙ha−1 
and 0.43 for V2 with 11.09 t∙ha−1. Considering that the minimum DQI recom-
mended by Hunt [44] is 0.20, the values found in the present study for this index 
indicate that the melon seedlings are of high quality and appropriated for the 
transplanting to the definitive local. A large Dickson Quality Index (DQI) value 
indicates a more desirable phenotype and the greater the DQI, the better the 
seedlings vigor (SV), indicating robustness and balance in the distribution of 
biomass in the seedling [45]. 

Melo et al. [39] observed that the highest values of dry phytomass (leaves, 
stem and roots) and root length of the guabiroba were related to the highest Ca 
and Mg concentrations of the substrate and with the N, P, K and S availability 
due to the increase of the substrate pH. The pH variation of the substrates found 
in the present study (Table 1) are within the adequate interval for the melon 
plant, which behave better between 6.0 to 7.5, no influencing the nutrient availa-
bility.  

4. Conclusions 

In a bid to enhance to produce seedlings of better quality using alternative mate-
rials for the composition of organic substrates, this study evaluated the response 
of these seedlings to different doses of poultry litter biochar. 

The fresh and dry phytomass of the melon and the quality of the melon seedl-
ings increased with the poultry litter biochar doses utilized on the substrate. 

The application of 12 t∙ha−1 of biochar produced the best development, phy-
tomass and quality of the seedlings; higher doses of biochar reduced the seedl-
ings quality. 

The Yellow variety responded better than the Hales Best Jumbo to the biochar 
application.  

Considering the advantages of poultry litter biochar on the substrate constitu-
tion, its utilization constitutes a viable alternative for the development of the 
melon seedlings and for the environmental disposal of the poultry litter. 
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