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Adding charcoal residue to the worm humus3

promotes good results in the production of papaya4

seedlings5

6
7

ABSTRACT8
9

Aiming to improve the physical and chemical attributes of the substrates for seedling
production, several agroindustrial residues have been used. One of the residues with
potential of substrate incorporation is the charcoal residue. The objective of this study was to
evaluate the effect of increasing doses of charcoal residue (CR) on the production of papaya
(Carica papaya L.) seedlings. The experiment was carried out in a randomized complete
block design, with five treatments (0%, 2.5%, 5%, 10% and 20%) incorporated into the worm
compost with four replicates. The evaluations consisted in measuring plant height, collection
diameter, root length, dry mass of leaves and roots, and Dickson quality index. Regression
models were adjusted (P <0.05) to treatments with increasing levels of CR. CR doses
around 10 percent promoted better results of collection diameter, root length and root dry
mass. For the other variables, CR doses around 13 percent promoted the best results. It is
believed that the addition of CR promoted significant improvements in earthworm humus;
however, high doses promoted elevation of pH at levels considered critical for the availability
of some nutrients for the crop. In general, the best values obtained for the analyzed
variables were those in which about 9.25 percent to 14.25 percent of the addition of CR to
the humus were used.
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1. INTRODUCTION13

14
Papaya (Carica papaya L.) is one of the most consumed fruits in the world [1]. Brazil ranks second15
place as a world fruit producer with a production of 1,517,696 t per year-1, ranking among the main16
exporting countries [2].17
One of the problems related to the production of papaya in Brazil starts from the establishment of the18
culture in the field, given the difficulty of obtaining quality seedlings and with desirable phytosanitary19
characteristics [3]. The productivity and quality of the papaya fruits are directly related to the cultural20
practices, which have begun since the formation and implantation of the seedlings in the field [4].21
Several factors can contribute to the production of seedlings with quality, among them, the substrate22
has great relevance. To be considered a good substrate, the material must have attributes such as23
aeration, porosity, nutrient availability and water retention, being these attributes essential for the24
good development of the plants [5]. In addition, the use of the substrate is due to its availability, cost25
and ease of obtaining and handling [6].26
One of the substrates commonly used by farmers in the production of seedlings, especially those27
working in organic regime, is worm humus or vermicompost. The humus can be considered a plant28
growth biostimulator, besides, it also stimulates the microbiota present in the substrate, improving29
plant health [7]. However, the same author argues that the concentration of humus in the substrate,30
for the production of forest seedlings, should not exceed 80 percent, and it is necessary to incorporate31
some other element with good availability and low cost so that it acts as a good substrate.32
In order to improve the physical and chemical attributes of the substrates for seedlings production,33
several agroindustrial residues have been used, so that their accumulation in the industrial yards is34
reduced, and they have a more sustainable disposal [8]. One of the residues with potential for35
incorporation into substrate for the production of papaya seedlings is the charcoal residue. The36
carbonized biomass (charcoal) has some physico-chemical characteristics, such as basically aromatic37
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molecular structure, high specific surface area and hydrophobicity [9] and, depending on the active38
sites, gives greater protection to soil microorganisms [10]. Thus, coal residues can act as a substrate39
conditioner [11].40
According to the scientific literature, there are promising results of the use of charcoal residues for41
crops such as lettuce [12], rice [12]. soybean and rice [13], eucalyptus [14], among others. Although it42
is used in the production of seedlings of some crops, little is known about the use of charcoal residue43
in the production of papaya seedlings. The objective of this work was to evaluate the effect of the44
addition of increasing doses of charcoal residue on earthworm humus in the production of papaya45
(Carica papaya L.) seedlings.46

47
48

2. MATERIAL AND METHODS / EXPERIMENTAL DETAILS / METHODOLOGY49
50

The experiment was installed and conducted in the Fruticulture Sector of the Federal Institute of51
Espírito Santo (Ifes), Santa Teresa campus during the months of November 2016 to January 2017, in52
a seedling nursery covered with polyolefin screen with 50 percent of shading, located in the53
municipality of Santa Teresa-ES with altitude of 155 m, latitude of 18 ° 48 'South and longitude of 40 °54
40' West. The climate of the region, according to the classification of Köppen, is in the type Cwb55
(temperate sea/tropical climate of altitude), with average annual temperature of 24.6 ° C and annual56
precipitation ranging from 700 to 1200 mm.57
In the production of the seedlings, seeds of papaya from the Solo group, from healthy and mature58
fruits, were used as propagative material. The fruits were cut in half, separating pulp and seed. The59
seeds were washed in running water over fine mesh sieve for the removal of mucilage and pulp and60
bark residues. The selection was done through manual harvesting for the disposal of small and61
damaged seeds. The drying was carried out in an airy and shaded place, during the period of 6 days.62
The materials used in the formulation of the alternative substrate for the production of papaya63
seedlings were earthworm humus and charcoal residue (CR). The earthworm humus was used in the64
experimental area of the Nucleus of Studies in Agroecology of the same Campus, from the digestion65
of bovine manure tanned by the intestinal tract of the Californian earthworms (Eisenia foetida) in66
highland willow farms, following the specifications of the EMBRAPA model, adapted by [15]. The67
charcoal residue (CR) used, originating from eucalyptus wood (Eucalyptus spp.), came from charcoal68
farms around the region. The CR was ground and sieved until a fine powder was obtained.69
A randomized complete block design was used as the experimental model. The treatments were70
composed of 5 CR concentrations added to the worm humus based on the volume, and the following71
treatments were evaluated: T1: 100 percent earthworm humus + 0 percent of CR (control); T2: 97.572
percent humus + 2.5 percent CR; T3: 92.5 percent of humus + 7.5 percent of CR; T4: 85 percent of73
humus + 15 percent of CR and T5: 70 percent of humus + 30 percent of CR. Each of the five74
treatments had four replicates (blocks), being considered 25 seedlings each, resulting in 50075
seedlings throughout the experiment. Six central plants of each experimental unit were considered76
useful.77
The physico-chemical analysis of humus and charcoal residue consisted of determination of the78
electrical conductivity (EC) by means of a bench conductivity meter. The chemical analyzes consisted79
of the determination of pH by means of a bench potentiometer and the quantification of total organic80
carbon (TOC), organic matter (OM), total nitrogen (TN), phosphorus (P), potassium (K) and calcium81
(Ca), performed at the Soil and Solid Waste Laboratory of the Department of Agricultural Engineering82
of the Federal University of Viçosa (Table 1).83

84
Table 1 presents the physical-chemical and chemical characteristics of the materials used in the85
formulation of the substrates.86

87
Table 1. Physical-chemical (EC) and chemical characteristics of humus and charcoal residue88
(CR) used in the experiment89

90

Materials PH EC TOC OM TN P K CA
dS m-1 ---------------------------dag kg-1--------------------------

Humus 6,67 280 74,1 46,79 0,75 1,64 0,83 1,40

CR 7,77 283 76,95 -* 0,41 0,023 0,66 0,330

91
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EC: electrical conductivity; TOC: total organic carbon; OM: organic matter; TN: total nitrogen; P: Phosphorus; K:92
Potassium; Ca: Calcium.93
* Organic matter: Charcoal residue is considered organic matter.94

95
For the production of seedlings were used suspended trays, allocated in masonry benches,96
containing 500 mL tubes suitable for germination. The mixture of the CR to the humus happened97
manually until obtaining a homogeneous material, being carried out seven days before sowing. The98
irrigation was performed manually, according to nursery routine. No types of pesticides were applied,99
nor was any other correction process performed on the substrates.100
Evaluations occurred at 60 days after sowing (DAS). The seedlings were removed from the core101
carefully washed. The evaluation of seedling development was carried out using the following102
parameters: plant height (PH), collection diameter (CD), root length (RL), dry leaf mass (DLM) and103
root (DRM) quantification and determination of the Dickson quality index (DQI).104
To obtain the height of the aerial part was used a ruler millimeter, measuring from the base of the105
stem to the apical bud that gave rise to the last leaf. The sample diameter was measured using a 0.01106
mm precision digital caliper. In order to calculate the dry mass of the aerial part, only the leaves were107
considered, these being extracted at the time of insertion of the petiole of the plants. To obtain the108
root dry mass, the roots were carefully washed in running water, on a 5-mm sieve. The roots were109
measured from the collecting region to the root of the root with the aid of a millimeter ruler.110
Subsequently, both plant materials were packed in paper bags, properly identified and oven dried with111
forced air circulation at 65° C until reaching constant weight. Subsequently, the materials were112
weighed in an electronic precision scale of 0.01 g. To determine the DQI, the method proposed by113
Dickson et al. (1960), (Equation 1).114

115
116

Eq. 1117

118

where: DQI = Dickson quality index; TDM = Total dry matter mass (g); PH = Plant height (cm); CD =119
Collection diameter (mm); DLM = Dry leaf mass (g), and DRM = Dry root mass (g).120

121
All the evaluated variables were submitted to normality tests (Lilliefors) and homoskedasticity122
(Barttlet) tests, which are the assumptions for the analysis of variance, using adjustments in123
regression models using the orthogonal polynomials method. A "α" of 0.05 was used for all124
procedures.125

126
3. RESULTS AND DISCUSSION127

128
In figure 1 (A, B, C, D, E and F), the values of plant height (PH), root length (RL), collection diameter129
(CD), dry leaf mass (DLM), dry root mass (DRM) and Dickson quality index (DQI) of papaya seedlings130
respectively, in response to the addition of increasing doses of charcoal residue on the substrate.131
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150
Figure 1. Plant height (A), root length (B), collection diameter (C), dry leaf mass (D), dry root mass151
(E) and Dickson quality index of papaya respectively, in response to the addition of increasing doses152
of charcoal residues in the substrate.153

154
The plant height variable showed increase with the increase of CR o humus to a concentration of155
12.75 percent, providing a maximum height of 20.48 cm (Figure 1 (A)). Results lower than those of156
this study were found by [16], which evaluated different substrates for the production of papaya157
seedlings, found greater growth, about 7 cm, with substrate composed of a mixture of Plantmax +158
humus + bovine manure (1: 2: 1); however the evaluation was gave the 37 DAS. Similarly to the159
variable plant height, the variables root length and collection diameter presented the best results of160
13.57 cm and 6.08 mm with the additions of CR to humus of 9 percent and 9.75 percent, respectively.161
For the variables dry leaf mass and root dry mass (Figure 1 (D) and (E)) it is observed that the162
increase of CR to humus promoted significant results similar to the other variables, with the best163
concentrations of CR to humus at 11.25 percent and 10.75 percent, respectively, promoting a dry164
biomass gain of leaves and roots of 0.87 g and 0.55 g, respectively. [17], studying different substrates165
in the formation of papaya seedlings of the soil group, found better results for AP of 31.45 cm with166
substrates containing bovine manure, soil, sand and vermiculite (2: 1: 1: 1 v / v) and Plantmax, corral167
dung, soil and sand (1: 1: 1: 1 v / v).In the same experiment, [17], found average values of 1.64 g168
evaluating the whole aerial part of the plants at 90 DAP and not only leaves at 60 DAP as in this work.169
These authors attribute the best results to the constitution of substrates rich in macronutrients such as170
phosphorus and potassium, these are of great importance in the development of papaya cultures. In171
addition, the physical characteristics of the substrates are cited by [17] as indicative of good results,172
as they present higher water retention capacity, aeration and nutrients, thus producing better quality173
seedlings.174
The phosphorus element is very important in papaya crops, positively influencing the increase of the175
aerial and root system of the plants, especially in the initial phase of plant growth [18]. According to176
Table 1, this element presents in good amount in the earthworm humus, but in an incipient amount in177
the CR. Thus, while the addition of CR to the humus increased, consequently a reduction in the178
proportion of this and other nutrients in the total volume of the substrate was promoted, which may179
have contributed to the reduction of the response in higher concentrations of CR. At lower180
concentrations, the addition of CR to humus may have promoted conditioning action of the substrate,181
making it more suitable for production of papaya seedlings, contributing to greater retention of182
nutrients and water, and reducing physical barriers, which favors better plant development [11].183
Some studies report positive effects of the addition of coal in the production of various seedlings. [19]184
evaluating the effect of increasing doses of charcoal on the production of carvoeiro (Tachigali185
vulgaris) seedlings found increasing increases of dry shoot and root biomass due to increasing doses186
of up to 50 percent of charcoal. [20], when evaluating the effect of charcoal application on different187
substrates, observed a larger increase of dry shoot biomass and roots in crajiru seedlings (Arrabida188
eachica Verlot.). These results corroborate with the results obtained by this work, evidencing that the189
addition of CR promotes physical-chemical improvements of the substrate, leading to greater190
retention of moisture and nutrient availability.191
For DQI, a variable that encompasses several elements correlated to the quality of seedlings formed,192
the addition of CR to humus around 11% promoted the best result (0.2896). In contrast, higher doses193
promoted the reduction of this index (Figure 1 (F)). The value of DQI found in this study points out that194
the addition of CR around 11 percent to earthworm humus favors the formation of papaya seedlings195
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with higher quality. [21] evaluating different substrates in the production of papaya seedlings, except196
for the treatment containing vermiculite, (IQD = 0,334), the other treatments presented lower IQD than197
those found in this study. However, in [21], organic and mineral fertilization was used to enrich the198
substrate. It is worth noting that in this work no nutritional correction or addition was used to the199
substrate and, therefore, it is believed that the superiority of the IQD result found in this work in200
relation to those found by [21], is mainly a result of the interaction of the RCV with the worm humus,201
indicating that the combination of earthworm humus and RCV may be an alternative in the202
substitution of commercial substrates.203
In general, the addition of CR to humus in the range of 9.25 percent to 14.25 percent promoted the204
best results in the evaluated variables. [19] state that the addition of coal fines or charcoal residues205
can promote important improvements in the physical and chemical properties of the soil, correcting  its206
acidity, increasing the levels of exchangeable Ca, extractable P, CTC, besides soil aggregation207
capacity. Although CR is considered an inert material, its structure has sites capable of performing208
ionic exchanges, thus promoting better availability of nutrients present in the substrate [22]. Thus, the209
addition of CR up to certain concentrations to earthworm humus may have provided greater stability210
of the substrate, besides favoring the absorption of nutrients by plants.211
Figure 2 shows the plot of substrate pH values as a function of the different levels of charcoal residue212
insertion incorporated into the humus in the production of papaya sludge.213
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Figure 2. pH values of the substrate as a function of the different levels of charcoal residue231
incorporated into the humus in the production of papaya seedlings.232

233
The addition of CR promoted a linear increase in the pH of the substrate solution (Figure 2).234
According to [23] the ideal pH range is between 6.0 and 6.5, but there may be a behavioral variation235
of each plant species in relation to pH and its effects on the substrate. This alteration236
(acidity/alkalinity) in the substrate solution may promote the unavailability of some nutrients, such as237
phosphorus, nitrogen, sulfur and boron, which remain with high availability up to a pH range of 7.3238
[24]. Thus, proportions higher than 11 percent promoted elevation of soil alkalinity (Figure 2) at239
indexes that may promote precipitation, especially P, making it unavailable to plants [25]. P is one of240
the main elements in initial plant growth, acting in storage, energy transfer and absorption of other241
nutrients [26]. Therefore, its lack can severely compromise the development of plants. [27], evaluating242
papaya seedlings observed an increase in the dry matter of plant roots due to the positive effect of243
phosphorus, which increased the capacity of nutrient absorption due to the greater root development.244
According to the data obtained in this research, the addition of CR can make earthworm humus more245
suitable for the production of papaya seedlings. It is believed that this fact is due to the increase of246
porosity and greater retention of water, besides the reduction of the physical barriers in the substrate247
that are propitiated by the incorporation of CR to the humus. Thus, the addition of CR can promote248
significant improvements in earthworm humus, making it an important substrate for production of249
papaya seedlings, minimizing production costs, increasing the profitability of the productive chain of250
seedlings production.251
In addition to the quality and sanity with which the seedlings are formed, the addition of CR to the252
substrate can promote the sustainability of the coal sector, being an option for the final destination of253
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this residue, also contributing to the carbon storage in the soil, reducing its emission in the soil of254
greenhouse gas [28],considering that [29] state that a large part of the C emitted by anthropic255
activities (12%) could be eliminated by applying C in soil in the form of carbonized biomass.256

257
4. CONCLUSION258

259
The best values obtained from the analyzed variables of papaya plants were those in which 9 percent260
to 14 percent of the insertion of charcoal residue into the humus were used.261
The addition of CR to earthworm humus promoted elevation of substrate pH.262

263
REFERENCES264

265
1SOUR RED, KETANOOO LOOF AND THE ORIGINAL M'MIERE NO BRASIL REVISTA BRASILIA266
DE FRUCHTALTURA TO 10; 32 (3): 657-659.267

268
2. Empresa Brasileira De Pesquisa Agropecuária Mandioca e Fruticultura Brasília: EMBRAPA.269
Disponível em: https://www.embrapa.br/mandioca-e-fruticultura/cultivos/mamao Acesso: 04 de Jul270
2018271

272
3. Francisco MGS, Maruyama WI, Mendonca V, Silva EA, Reis LL, Leal ST. 'Sunrise Solo', based on273
the production of substratos and recipients. Revista Agrarian 2010; 3 (9): 267-274.274

275
4. Araújo WBM, Alencar RD, Mendonça V, Medeiros EV, Andrade RC, Araújo RR. Esterco caprino276
composição para formação de mudas de mudas de mamoeiro. Ciência e Agrotecnologia. 2010; 34277
(1): 68-73.278

279
5. Terra SB, Ferreira AAF, Peil RMN, Stumpf ERT, Beckmann cavalcante MZ, Cavalcante IH L.280
Alternative substitutes for growth and production of pottedchrysanthemum (cv. Acta Scientiarum281
Agronomy 2011; 33 (3): 465-471.282

283
6. Silva JDC, Leal TTB, Araujo RM, Gomes RLF, Araujo ASF, Melo WJ. Emergencia e crescimento in284
the form of plurality of decorative and cocoons of coconut in the base of the compost of the plant.285
Revista Ciência Rural. 2011; 41 (3): 412-417.286

287
288

7. Steffen GPK, Antoniolli ZI, Steffen RB, Schiedeck G. Eucalyptus grandis and Corymbia citriodor,289
based on the production of vermicomposts. Revista Brazilian Journal of Foresty Research 2011; 31290
(66): 75-82.291

292
8. Silva Júnior JV, Cavalcante MZB, Brito LPS, Avelino RC, Cavalcante ÍHL Approvitamento de293
materiais alternativos of the production of tomato sobre adobeção foliar. Revista Ciência Agronômica.294
2014; 45: 528-536295

296
9. Carvalho MTM, Maia AHN, Madari BE, Bastiaans L, Van Oort LPA, Heinemann AB, Silva MAS,297
Petter FA, Marimon Jr. BH, Andmeinke, H. Biocharincreasesplant-availablewater in a298
sandyloamsoilunderanaerobic rice crop system. Solid Earth 2014; 5: 939-952.299

300
10. Brady Knock, Mail Roll. T Nature and Properties of Shailas 14. Add. Prentice is the river in the301
sun, not the river. To 08; 965 p.302

303
11. Petter FA, Marimon BHJ, Andrade FR, Schossler TR, Golçalves LG, Marimon BS. Biochar como304
condicionador de substrato producer de alface Revista Agrarian 2012; 5 (17): 243- 250.305

306
12. Madari BE, Cunha TJF, Novotny EH, Milori DMBP, Martin Neto L, Benites VM, Coelho M R,307
Santos GA. Matéria orgânica dossolos antrópicos da Amazônia (terra preta de índio). Suas308
características e papel na sustainabilidade da fertilidade do solo In: Teixeira WG, Kern DC, Madari309
BE, Lima EM, Woods WI. As Terras Pretas de Ándio da Amazônia: Sua Característico and São310
Cañas de Navas Arena 1º ed. Manaus: Embrapa Amazônia Ocidental 2009; 172-188311

312

UNDER PEER REVIEW

Sandra
Nota adhesiva
Year please

Sandra
Resaltado

Sandra
Resaltado

Sandra
Nota adhesiva
year



13. Petter FA Biomass carbon composition condicionador de solo: accepts agronomics and ambient313
use of solvents. Universidade Federal de Goiás Tese Doutorado and Vegetal 2010; 130 p.314

315
14. Petter FA, Andrade FR, Marimon BHJ, Golçalves LG, Schossler TR. Biochar como condicionador316
de substrato para producão de mudas de eucalipto. Revista Caatinga 2011; 25 (4): 44-51.317

318
15. Schiedeck G, Gonçalves MM, Schwengber JE. An agricultura farming for the Minhocultura and319
producers Circular técnica 2006; 57320

321
16. Góes GB, Mendonça V, Medeiros PVQ, Tosta MS, Medeiros LF. Diferentes substratos and322
productions of moodues of mamoeiro Revista Verde 2010; 5 (1): 178-184.323

324
17. Negreiros J, Braga L, Alvares V, Bruckner C. Diffrent's substratos of formation of mudasia325
mamoeiro do grupo solo. Current Agricultural Science and Technology 2005; 11 (1): 101-103.326

327
328

18. Taiz Law, Jaeger A. Physiology Vegatal. Add. 5. Porto Alegre, Attempt. To 13.329
330

19. Souchie FF, Junior BHM, Petter FA, Madari BE, Marimon BS, Lenza E. Caravão pirogênico for331
subcontracting Tachigali vulgaris L.G. Silva & H.C. Lima Ciência Florestal. 2011; 21 (4): 811-821.332

333
20. Souza GKA, Teixeira WG, Reis RA, Chaves FCM, Xavier JJBN. Growth of crajiru (Arrabidaea334
chica Verlot.) On different growing me-dia. Revista Brasileira de Plantas Medicinais. 2006; 8 (n esp):335
62-65336

337
21. Costa E, Mesquita VDAG, Leal PAM, Fernandes CD, Abot AR. Formação de mudas de mamão338
emécités de travancos títur dúbrounde substratos. Revista Ceres. 2010; 57 (5): 679-685.339

340
22. Novotny EH, Hayes MHB, Madari BE, Bonagamba TJ, De Azevedo ER, De Souza AA, Song G,341
Nogueira CM, Mangrich AS. Lessonsfrom the terra preta de índios oftheamazonregion for342
theutilisationofcharcoal for soilamendment. Journal of the Brazilian Chemical Society 2009; 20 (6):343
1003-1010.344

345
23. Raij BV Fertilize do solo e adobeção São Paulo, Agronômica Ceres. 1991; 343p346

347
24. Souza DMG, Miranda LN, Oliveira AS. Acidez do solo e sua correção. In: NOVAIS RF, Alvarez348
VVH, Barros NF, Fontes RLF, Cantarutti RB, Neves JCL (Eds.). Fertilidade do solo. Viçosa,349
Sociedade Brasileira de Ciência do Solo. 2007; 471-550.350
Novais RF, Smyth TJ, Nunes FN. Fósforo. In: Novais RF, Alvarez VVH, Barros NF, Fontes RLF,351
Cantarutti RB, Neves JCL (Eds.). Fertilidade do solo. Viçosa, Sociedade Brasileira de Ciência do352
Solo. 2007; 471- 550.353

354
26. Brasil EC, Nascimento EVS. Influencia de calcário e fósforo no desenvolvimento de variedades355
de maracujazeiro-amarelo Revista Brasileira de Fruticultura 2010; 32: 892-902356
.357

358
27. Saraiva KR, Nascimento RS, Sales FAL, Arauzo HF, Fernandes CNV, Lima AD. The use of fossil359
mangos are used by fossils of fossifs as well as other uses. Revista Brasileira de Agricultura Irrigada.360
2011; 5: 376-383.361

362
28. Madari BE, Costa AR, Castro LM, Santos JL, Benites VM, Rocha AO, Machado PLOA.363
Comunicado Técnico 125. Goiânia, GO. EMBRAPA Centro Nacional de Pesquisa de Arroz e Feijão364
2006; 4p365

366
29. Lehmann J, Gaunt J, Rondon M. Bio-charsequestration in terrestrialecosystems a review.367
Mitigation and Adaptation Strategies for Global Change, Netherlands 2006; 11 (2): 403 427.368

UNDER PEER REVIEW

Sandra
Nota adhesiva
year and complete the reference




