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Summary
Apart from supplying nutrients, a substrate for plant production should provide adequate conditions for root growth and
development. To this effect, the use of vermicompost in the composition of substrates presents itself as an alternative to
promote increments in plant production. This study aimed to determine the effective ness of vermicompost in productivity
and flowering in tomato crops when partially replacing mineral fertilizers with vermicompost. Five treatments corresponding
to different proportions of vermicompost and mineral fertilization were evaluated in the cultivation of two hybrid varieties of
tomato (Tinto and Absoluto) in a protected environment. The percentages of vermicompost evaluated were: 0; 10; 20; 40
and 50 % in relation to mineral supplementation. The use of vermicompost to replace the mineral fertilization in 40 and 50 %
provided early flowering and fruiting of tomato. For both evaluated tomato hybrids, the substitution of 40 and 50 % of mineral
fertilizers for vermicompost provided mature fruits with higher mean values of fresh mass and total productivity per plant. The
incorporation of vermicomposts in substrates for commercial production of tomato promotes significant benefits, such as
early flowering and fruiting and productivity increase.
Keywords: Lycopersicon esculentum, organic fertilization, vermicomposting, organic waste, vegetable production

Vermicompuesto anticipa la floración y aumenta la productividad de
los frutos de tomate
Resumen
Más que suministrar nutrientes, un sustrato para la producción de plantas debería proporcionar las condiciones adecuadas
para el crecimiento y desarrollo de las raíces. En este sentido, el uso de vermicompost para la composición de sustratos
se presenta como una alternativa para promover incrementos en la producción de plantas. Este estudio tuvo como objetivo
determinar la efectividad del vermicompost en reemplazo parcial de fertilizantes minerales sobre la productividad y la
floración en cultivos de tomate. Se evaluaron cinco tratamientos correspondientes a diferentes proporciones de
vermicompost y fertilización mineral en un cultivo de dos variedades híbridas de tomate (Tinto y Absoluto) en un ambiente
acondicionado. Los porcentajes de vermicompuesto evaluados fueron: 0; 10; 20; 40 y 50 % en relación con la
suplementación mineral. El uso de vermicompuesto para reemplazar la fertilización mineral en 40 y 50 % proporcionó
floración temprana y fructificación del tomate. Para ambos híbridos de tomate evaluados, la sustitución de 40 o 50 % de
fertilizante mineral por vermicompuesto produjo frutos maduros con valores promedio más altos de masa fresca y de
productividad total por planta. La incorporación de vermicompost en los sustratos para producción comercial de tomate
registró beneficios importantes, proporcionando una floración y fructificación tempranas y aumentando la productividad.
Palabras clave: Lycopersicon esculentum, fertilización orgánica, vermicompostaje, residuos orgánicos, producción
vegetal
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Introduction

Tomato (Lycopersicon esculentum Mill) is the second
most important vegetable in Brazil being among the ten
largest tomato producers in the world. In 2015 tomato
production in Brazil exceeded 4 million tons(1). Tomato
productivity, as with other vegetables, is influenced by
several factors, such as the productive potential of the
genetic material, soil or substrate characteristics, adequate
nutrient supply, water availability, temperature, luminosity,
crop management techniques and pressure of
pathogens(2)(3). Water and nutrient availability are the
production factors that limit the yield of the tomato more
intensely(4), being these factors directly related to the type of
soil or substrate used for tomato cultivation.

Substrate plays an important role in plant production,
providing mechanical support and a source of nutrients for
the growth and development of plants. According to Tao
and others(5), cultivating in a substrate can provide higher
productivity, better product quality and better use of
nutrients, as well as allowing the continuous use of areas
by reducing the risk of salinization. For this purpose, it is
necessary to use a suitable substrate for each crop,
respecting the requirements of each plant species.

Organic compounds represent an alternative to improve
the physical, chemical and biological characteristics of
substrates. Among the organic compounds,
vermicompost or earthworm humus has several benefits
to plant growth and development(6)(7). The vermicompost is
a stable compound obtained from the organic waste
transformation by the activity of earthworms and
microorganisms that inhabit their digestive tract. The use of
vermicompost as a component of substrates provides
benefits to plant development due to excellent nutrient
availability, high porosity, good aeration, water holding
capacity and microbial activity(8)(9).

In addition, research has shown that benefits of
vermicompost in plant production are due to the presence
of plant growth regulating substances, as phytohormones,
soluble humic substances and enzymes derived from
microbial metabolism, which act to promote growth,
development and protection of plants under different stress
conditions(6)(10)(11)(12)(13). Thus, the present study aimed to
evaluate the efficiency of partially replacing mineral
fertilization with vermicompost in the productivity and
flowering of the tomato crop.

Material and Methods

Five treatments corresponding to different proportions 
of vermicompost and mineral fertilization were evaluated in 
the cultivation of two hybrid varieties of tomato (Absoluto 
and Tinto) in a protected environment. The percentages of 
vermicompost under evaluation were: 0; 10; 20; 40 and 
50 % in relation to mineral supplementation. The 
concentrations of vermicompost and mineral formulation 
(10-18-20 N-P-K) were calculated according to nutrient 
content indicated by the chemical analysis of the soil and 
the vermicompost (Table 1) and crop requirements(14).

Vermicompost was produced with the aid of earthworms 
Eisenia andrei Bouché (1972) from tanned bovine 
manure. After 100 days of transformation, vermicompost 
was sieved in a 2 mm mesh and evaluated for nutrient 
content. Total carbon and nitrogen contents were 
determined in an elemental analyzer (model FlashEA 1112, 
Thermo Electron Corporation, Milan, Italy). Organic matter 
content was calculated by multiplying the organic carbon 
content by 1.724 (Van Bemmelen factor). Phosphorus, 
potassium, calcium and magnesium contents were 
determined according to Tedesco and others(15). The 
soil sample was used to determine values of pH (water 
1:1), clay (densimeter), Ca, Mg, P and K (Mehlich-1) 
and organic matter (Walkley-Black) according to 
Tedesco and others(15) (Table 1).

Tomato seedlings of the Absoluto and Tinto hybrid 
varieties were produced in styrofoam trays containing 
Carolina Soil® commercial substrate. After 30 days, the 
seedlings were transplanted into black plastic pots (11 L) 
containing 10 liters of the substrate corresponding to each 
treatment. Mineral fertilization was added through a groove 
made approximately five centimeters on the side of the 
previously transplanted molt. The pots were kept in a 
greenhouse in the Center for Forests Research of the 
Department of Diagnosis and Agricultural Research of Rio 
Grande do Sul State, Santa Maria, RS., in a completely 
randomized design with ten replicates of each of the five 
treatments, for each tomato hybrid, with a total of 100 
experimental units. Irrigation occurred manually and daily, 
according to the water requirements of the crop.

To evaluate the effect of anticipation of tomato 
development, the percentage of plants with inflorescences 
and fruits in formation was determined 48 days after 
transplanting the seedlings to the pots. The mean number
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of bunches and the number of green fruits per plant were
determined 71 days after transplanting.

When evaluating the productivity of each tomato hybrid,
the mean number and total fresh mass of mature fruits per
plant during the crop cycle were determined between
January 7 and March 3 with a total of 11 collection dates.
Fruits were harvested at the stage of complete maturation
(fully ripened and developed), characterized by red
coloration. The only harvested and evaluated fruits were
the healthy ones according to a commercial standard: fruits
with a transverse diameter greater than 30 mm and that
had no defects such as rot caused by microbiological
agents. Cracks and apical rots were considered
commercially acceptable.

Data was statistically analyzed using Tukey test at 5 %
significance level, using the statistical program SISVAR
5.6(16).

Results and Discussion

The replacement of mineral fertilization with 40 and 50 %
of vermicompost resulted in the anticipation of the flowering
and fruiting stages of plants (Table 2) and in the increase of
the productivity of both evaluated tomato hybrids (Table 3).
For the Absoluto hybrid, 48 days after transplanting the
seedlings, the percentage of plants with inflorescence grew
with the increase of the fertilization replacement with
vermicompost. While only 10 % of the control plants
(without vermicompost) presented flowers, the percentage
of plants containing flowers increased 20 % in the
treatments with the substitution of 10 and 20 % of the mineral
fertilization by vermicompost, and 100 % in the treatments

with the substitution of 40 or 50 % for vermicompost. Fruits
were only observed in the treatments that received the
highest concentrations of vermicompost (T4 and T5),
where 10 % of the plants of each treatment already had
green fruits in development.

A similar effect was observed in the Tinto hybrid 48
days after transplanting, where the control treatment
presented 10% of plants with flowers and absence of fruits.
Comparatively, the treatments referring to the use of 40 and
50 % of vermicompost presented 90 and 100 % of
flowering plants, respectively. The treatment with the highest
dose of vermicompost (T5) was the only one showing fruit
presence, where 30 % of plants started fruiting.

Evaluations of the number of bunches and the number
and diameter of green tomato fruits prior to harvest showed
a significant increase in the number of bunches per plant,
as well as in the mean values of total number and diameter
of fruits present in treatments with 40 and 50 % of
vermicompost when compared to control treatments, for
both Tinto and Absoluto hybrids (Table 2).

The results obtained in this study may also be attributed
to the presence of plant growth regulating substances
(PGRS) in vermicompost, which act directly on the plants
physiology, providing more significant growth and
development. Earthworm intestine contains a wide range
of microorganisms, enzymes, and hormones that are
transferred to vermicompost during the organic waste
degradations process(17). These microorganisms can
produce PGRS such as auxins, gibberellins, cytokinins,
abscisic acid and ethylene in significant amounts(18)(19).
These five classic hormones are known to modulate
various stages of fruit development(20).

Table 1. Chemical characterization of soil and vermicompost used for substrate
composition in tomato production.

Chemical parameters Soil Vermicompost
pH water 1:1 5.4 6.3

C (%) 0.75 17.23
N (%) 0.065 1.33

MO (%) 1.3 29.7
Ca 3.3 cmolc/dm3 6.54 g kg-1

Mg 0.9 cmolc/dm3 4.58 g kg-1

P 6.0 mg/dm3 2.41 g kg-1

K 48.0 mg/dm3 19.05 g kg-1

Clay content (g kg-1) 190 -
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Among PGRS, the gibberellins are involved in flowering
regulations and are essential for the development of fertile
flowers in tomato(21). The presence of gibberellins, auxin
and cytokinin activities were identified in Eisenia Fetida
earthworm feces(22)(23). Thus, it is probable that the
presence of these hormones, especially gibberellins,
could explain the anticipation of flowering and fruiting stages,
as well as the greater production of fruits in treatments with
the highest doses of vermicompost. The presence of a
great diversity of microorganisms in vermicompost
facilitates nutrient assimilation in roots and promotes plant
growth by producing hormones and enzymes(8). For this
reason, vermicompost is considered a plant growth
biost imulator and an excel lent basis for the
establishment of symbiotic and non-symbiotic beneficial
microorganisms(24).

Even without evaluating tomato productivity, some
studies have demonstrated the effect of vermicompost on
the initial growth of seedlings. Tejada & Benítez(25)

compared the effects of two vermicomposts of animal and
vegetal origin on the growth of tomato seedlings. The
authors observed that vermicomposts had a positive effect
on plant growth, increasing the tomato seedling height, stem
diameter, number of leaves per seedling and total dry
matter. Atiyeh and others(26) evaluated some effects of
humic acids on tomato and cucumber seedling growth,
formed during the breakdown of organic wastes within the
vermicomposting process (earthworms and
microorganisms activity). Humic acids were extracted
from the vermicomposts and mixed with a soilless
container medium. Results showed that the incorporation
of humic acids from vermicomposts increased tomato and
cucumber plant growth significantly, in terms of height, leaf

area, shoot, and root dry weight. These effects were
attributed to the hormone-like activity of humic acids from
vermicomposts that directly affect plant growth.

Soluble humic substances (fulvic and humic acids)
may influence nutrient availability and plant growth(27). In
soil solution, they can increase macro and micronutrient
uptake due to H+-ATPase activation from plasmatic
membrane(28). Assessing the effect of humic acids
extracted from sanitary wastes sludge on plant growth,
Rocha(11) observed several benefits such as growth,
cellular elongation, stress tolerance, and an increase on
membrane permeability and on oxidative stress enzymes
activity. Therefore, it is probable that the presence of soluble
humic substances in tomato crop substrate could have
contributed to the increased productivity observed in
treatments with 40 and 50% vermicompost (Table 3).

Mature fruits with higher mean values of fresh mass
were obtained from both commercial tomato hybrids, in
treatments with 40 and 50% vermicompost, differing
significantly from the control treatment (p = 0.05) (Table 3).
Values of mean fresh mass of Tinto hybrid fruits observed
in this study are in agreement with the data obtained by
Schwarz and others(29), who evaluated the productivity of
different tomato hybrids and observed values of mean fresh
mass of 86.0 g fruit-1 for Tinto hybrid.

Considering the total productivity of fruits per plant,
the treatment with the highest concentration of
vermicompost was superior to the other treatments,
producing a higher fresh mass total of mature harvested
fruits per plant (Table 3).

Several researchers have studied the effect of the
addition of organic material, whether associated or not to

Table 2. Mean number of bunches and number, length/diameter of green fruits 71 days after transplanting tomato
seedlings of Tinto and Absoluto hybrids. Mean of 10 repetitions.

Vermicompost                                  Tinto hybrid                               Absoluto hybrid
concentrations Number of bunches Number of fruits Number of bunches Number of fruits

0 %     0.86 bc* 1.14 bc 0.2 b 0.3 b
10 % 1.86 b 3.28 b 1.4 a 0.6 b
20 % 0.17 c 0.33 c 0.67 b 0.92 b
40 % 4.0 a 7.28 a 1.8 a 2.7 a
50 % 4.0 a 7.0 a 2.0 a 2.75 a

CV (%)** 36.20 38.18 29.75 31.18
  *Means followed by the same letter in the columns do not differ from each other by the Tukey test at 5 % error probability.
  **Coefficient of variation.



doi: 10.31285/AGRO.23.1.7 5 Agrociencia Uruguay

Vermicompost improve tomato productivity Steffen Gerusa PK et al.

mineral fertilization, on tomato production. Researchers in
Croatia obtained a higher mean mass of fruits from plants
supplied with an organic compound associated with
mineral fertilizers(30). Ferreira and others(31) found that the
addition of organic material to the soil increased the nitrogen
required to obtain maximum productivity (total and
commercial) of tomato fruit, when studying tomato fruit
quality as a function of nitrogen concentrations and organic
fertilization in tanned bovine manure. Mueller and others(32)

obtained commercial yields for all concentrations of organic
fertilizer (poultry litter) in association with mineral fertilization,
not different from exclusive mineral fertilizer, showing that
organic fertilizers meet the demand for primary
macronutrients when associated with mineral fertilization
supplementation.

Applying organic fertilizers on the soil has shown to
raise productivity as a result of higher organic matter
content(33). In this study, substitution of 50 % of mineral
fertilization for vermicompost maximized the total
productivity of the tomato hybrids studied, increasing total
fresh mass of mature fruits for both tomato varieties (Table
3). All these results are related to the benefits of using
vermicompost in plant production. Vermicompost benefits
plant production due to the supply of nutrients as well as the
set of physical and biological changes in the substrate that
provides to root environment. Thus, there is a difference
between using chemical formulations or organic
compounds for plant fertilization: chemical formulations only
meet the nutritional needs of plants. However, organic

compounds, also improve soil structure and soil
aggregation; increase porosity and water retention
capacity; and provide enzymes, humic substances and
plant hormones resulting from the biological activity of
organisms and microorganisms that act in the degradation
of fresh organic residues and in the formation of humified
organic matter. According to Dinesh and others(34), the use
of organic fertilizers may increase soil microbial activity by
more than 16 % compared to inorganic fertilizers, and may
also lead to increased enzyme activity due to the release of
macronutrients essential to plants.

The ideal substrate for plant production should ensure
mechanical maintenance of the root system and plant
stability through its solid phase, supply water and nutrients
through the liquid phase, and supply oxygen and transport
carbon dioxide between the roots and the outer atmosphere
through the gas phase(35). In this regard, vermicompost
has an excellent nutrient status, good aeration, high
porosity, water retention capacity and microbial activity(9)

and factors that make it a biostimulator of plant growth(36).
Besides these benefits, substances with similar effects on
plant hormones also act as biostimulators. According to
Zandonadi, Canellas & Façanha(37), humic substances with
similar effects on auxin plant hormone are responsible for
the elongation and turgescence of plant cells and for the
growth of lateral roots, which directly reflects the ability of
plants to resist water stress conditions.

Evidence shows that the presence of humic
substances protects plants in situations of osmotic stress

Table 3. Mean fresh mass (MFM) and total fresh mass per plant (TFM) of mature tomato fruits for the
Tinto and Absoluto hybrids. Weekly crops harvested from 01/07/2015 to 03/03/2015 in Santa Maria,
RS, Brazil.

Vermicompost                                  Tinto hybrid                       Absoluto hybrid
concentrations MFM*  (g) TFM  (g) MFM  (g) TFM  (g)

0 % 74.57 c** 202.46 c 98.53 c 278.45 b
10 % 80.54 b 205.32 c 100.14 c 265.43 b
20 % 81.97 b 261.97 b 127.98 b 294.31 b
40 % 83.37 b 274.59 b 117.60 bc 289.18 b
50 % 90.06 a 323.77 a 143.08 a 325.72 a

CV (%)*** 20.11 26.32 20.84 27.16
*Mean of 12 fruits per treatment.
**Means followed by the same letter in the columns do not differ from each other by the Tukey test at 5 % of error
probability.
***Coefficient of variation.
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when toxic by-products are formed within plant cells during
periods of water scarcity. In water stress situations, plants
can accumulate solutes in the cytosol as a way to attract
more water molecules into the cells, adjusting osmotically
to soils with low water availability. These solutes are called
compatible solutes and have an osmoprotective function.
Also, they provide a source of carbon and nitrogen for the
cell when the conditions of humidity or salinity return to
normal(3). Compatible solutes have already been isolated
from bovine manure vermicompost(10), showing that the
use of these organic compounds can protect the plant
under conditions of hydric stress.

Compatible solutes are organic compounds that are
non-toxic to plants, which raise cellular osmotic potential
and prevent the entry of salts into the cytoplasm. The most
common examples are proline, sorbitol and glycine
betaine(3). García(10) observed higher contents of proline in
root cells of rice plants (Oryza sativa L.) that received a
higher concentration of humic acids extracted from
vermicompost. Aydin, Kant & Turan(38) applied humic
acids to bean plants (Phaseolus vulgaris L.) under
conditions of salt stress and also observed greater proline
accumulation, inducing protective effects. Foliar application
of fulvic acids in corn (Zea mays L.) stimulated the activity
of antioxidative system enzymes and the accumulation of
proline.

Therefore, more than just supplying nutritional demands
in plant cultivation, the use of vermicompost can contribute
to plant productivity by reducing the damage caused by
stress conditions due to the presence of numerous organic
substances with proven beneficial effects. According to Tao
and others(5), combining inorganic and organic fertilization
has been recommended to restore or preserve soil fertility
and control soil diseases due to continuous monoculture.
The results of the present study reveal economic
advantages and the feasibility of using a combination of
inorganic and organic fertilizers in tomato cultivation in a
controlled environment.

Conclusions

Replacing 40 or 50 % of mineral fertilization with
vermicompost promotes anticipation of flowering and
fruiting stages of tomato and increases the values of fresh
mass and productivity of fruits of Absoluto and Tinto hybrid
varieties.

Acknowledgments

To Fundação de Amparo à Pesquisa do Estado do Rio
Grande do Sul (FAPERGS) and to Fundação Estadual de
Pesquisa Agropecuária (FEPAGRO), currently called
Departamento de Diagnóstico e Pesquisa Agropecuária
do Estado do Rio Grande do Sul for financial support.

Author’s contribution

All the authors contributed equally to the content.

References
1) IBGE. Levantamento sistemático da produção agrícola: Pesquisa 

Mensal de Previsão e Acompanhamento das Safras Agrícolas no 
Ano Civil. Levant Sistem Prod Agríc [Internet]. 2016 [cited 2018 
Nov 20];29(12):1-82. Available from: ftp://ftp.ibge.gov.br/
P r o d u c a o _ A g r i c o l a /
Levantamento_Sistematico_da_Producao_Agricola_[mensal]/
Fasciculo/2016/lspa_201612_20170222_133000.pdf.

2) Pereira R, Pinheiro J, Carvalho ADF. Diagnose e controle alterna-
tivo de doenças em tomate, pimentão, curcurbitáceas e 
cenoura. Brasilia: EMBRAPA; 2013. 16 p. (Cirular Técnica; 121).

3) Taiz L, Zeiger E, Møller IM, Murphy A. Fisiologia e Desenvolvimento 
Vegetal. 6th ed. Porto Alegre: Artmed; 2017. 888 p.

4) Macêdo LS, Alvarenga MAR. Efeitos de lâminas de água e 
fertirrigação potássica sobre o crescimento, produção e qualidade 
do tomate em ambiente protegido. Ciênc Agrotec. 
2005;29(2):296-304.

5) Tao R, Liang Y, Wakelin SA, Chu G. Supplementing chemical 
fertilizer with an organic component increases soil biological function 
and quality. Appl Soil Ecol. 2015;96:42-51.

6) Domínguez J, Lazcano C, Gómez-Brandón M. Influence of 
vermicompost on plant growth. Contributions toward the development of 
an objective concept. Acta Zool Mex 2010; 2:359-71.

7) Oliveira JR, Xavier FB, Duarte NF. Húmus de minhoca associado a 
composto orgânico para a produção de mudas de tomate. Revista 
Agrogeoambiental. 2013;5:79-86.

8) Cabrera RAD, Azevedo-Filho AJBV, Tsai SM. Perspectiva no 
manejo alternativo dos citros: Do viveiro ao campo. In: Brown GG, 
Fragoso C, editors. Minhocas na América Latina: Biodiversidade e 
ecologia. Londrina: Embrapa Soja; 2007. p. 525-32.

9) Pathma J, Sakthivel N. Microbial diversity of vermicompost bac-
teria that exhibit useful agricultural traits and waste management 
potential. SpringerPlus. 2012;1(1):1-26.

10) García AC. Frações Sólidas Humificadas de Vermicomposto: seus 
efeitos em plantas e capacidade para a retenção de metais pesa-
dos (doctorate’s thesis). Seropédica: Universidade Federal Rural 
do Rio de Janeiro; 2013. 117 p.



doi: 10.31285/AGRO.23.1.7 7 Agrociencia Uruguay

11) Rocha LD. Ácido húmico extraído do lodo de esgoto sanitário e 
seus efeitos em planta [master’s thesis]. Vitória: Universidade 
Federal do Espírito Santo; 2014. 70 p.

12) Ravindran B, Wong JWC, Selvam A, Sekaran G. Influence of 
microbial diversity and plant growth hormones in compost and 
vermicompost from fermented tannery waste. Bioresour Technol. 
2016;217:200-4.

13) Scaglia B, Nunes RR, Rezende MOO, Tambone F, Adani F. 
Investigating organic molecules responsible of auxin-like activity 
of humic acid fraction extracted from vermicompost. Sci Total 
Environ. 2016;562:289-95.

14) Sociedade Brasileira de Ciência do Solo; Comissão de Química 
e Fertilidade do Solo. Manual de calagem e adubação para os 
estados do Rio Grande do Sul e de Santa Catarina. 11th ed. 
Porto Alegre: SBCS; 2016. 376 p.

15) Tedesco MJ, Gianello C, Bissani CA, Bohnen H, Volkweiss 
SJ. Análise de solo, planta e outros materiais. 2nd ed. Porto 
Alegre: UFRGS; 1995. 174 p.

16) Gómez-Brandón M, Domínguez J. Recycling of solid organic 
wastes through vermicomposting: Microbial community changes 
throughout the process and use of vermicompost as a soil 
amendment. Crit Rev Environ Sci Technol. 2014;44:1289-312.

17) Ferreira DF. SISVAR: A computer statistical analysis system. 
Ciênc. Agrotec. 2011;35:1039-42.

18) Arshad M, Frankenberger Jr WT. Microbial production of plant 
growth regulators. In: Metting BF, editor. Soil Microbial Ecology. 
New York: Marcell Dekker; 1993. p. 307-47.

19) Karadeniz A, Topcuoğlu ŞF, Ýnan S. Auxin, Gibberellin, 
Cytokinin and Abscisic Acid Production in Some Bacteria. 
World J Microbiol Biotechnol. 2006;22(10):1061-4.

20) Ozga JA, Reinecke D. Hormonal interactions in fruit development.
J. Plant Growth Regul. 2003;22(1):73-81.

21) Van Den Heuvel K, Van Lipzig RH, Barendse GW, Wullems 
GJ. Regulation of expression of two novel flower-specific genes 
from tomato (Solanum lycopersicum) by gibberellin. J Exp Bot. 
2002;53(366):51-9.

22) Aremu AO, Stirk WA, Kulkarni MG, Tarkowská D, Turecková 
V, Gruz J, Subrtová M, Pnèík A, Novák O, Doleal K, Strnad 
M, Staden LV. Evidence of phytohormones and phenolic acids 
variability in garden-waste-derived vermicompost leachate, a 
well-known plant growth stimulant. Plant Growth Regul. 
2015;75(2):483-92.

23) Suthar S. Evidence of plant hormone like substances in 
vermiwash: An ecologically safe option of synthetic chemicals 
for sustainable farming. Ecol Eng. 2010;36(8):1089-92.

24) Mondal T, Datta JK, Mondal NK. Chemical fertilizer in conjunction 
with biofertilizer and vermicompost induced changes in morpho-
physiological and bio-chemical traits of mustard crop. J Saudi 
Society Agric Sci. 2017;16:135-44.

25) Tejada M, Benítez C. Application of vermicomposts and compost
on tomato growth in greenhouses. Compost Sci Util.
2015;23:94-103.

26) Atiyeh RM, Lee S, Edwards CA, Arancon NQ, Metzger JD.
The influence of humic acids derived from earthworm-processed 
organic wastes on plant growth. Bioresource Technol.
2002;84(1):7-14.

27) Vaughan D, Malcolm RE. Influence of humic substances on
growth and physiological process. In: Vaughan D, Malcolm
RE, editors. Soil organic matter and biological activity. Dordrecht: 
Kluwer Academic; 1985. p. 37-75.

28) Canellas LC, Santos GA. Humosfera: Tratado preliminar sobre 
a química das substâncias húmicas. Campos dos Goytacazes:
L. P. Canellas, G. A. Santos; 2005.

29) Schwarz K, Resende JTV, Preczenhak AP, Paula JT, Faria
MV, Dias DM. Desempenho agronômico e qualidade físico-
química de híbridos de tomateiro em cultivo rasteiro. Hortic
Bras,2013;31:410-8.

30) Pribetic D, Jurisic M, Vlaketic I. Tomato yield depending on
fertilization. Agronomski Glasnik. 2000;62:345-56.

31) Ferreira MMM, Ferreira GB, Fontes PCR, Dantas JP. Qualidade
do tomate em função de doses de nitrogênio e da adubação
orgânica em duas estações. Hortic Bras. 2006;24:141-5.

32) Mueller S, Wamser AF, Suzuki A, Becker WF. Produtividade
de tomate sob adubação orgânica e complementação com
adubos minerais. Hortic Bras. 2013;31:86-92.

33) Lazcano C, Gómez-Brandón M, Revilla P, Domínguez J. Short-
term effects of organic and inorganic fertilizers on soil microbial 
community structure and function. Biol Fertil Soils, 2013;49:723-
33.

34) Dinesh R, Srinivasan V, Hamza S, Manjusha A. Short-term
incorporation of organic manures and biofertilizers influences
biochemical and microbial characteristics of soils under an annual 
crop [Turmeric (Curcuma longa L.)]. Bioresour Technol.
2010;101(12):4697–702.

35) Lamaire F. Physical, chemical and biological properties of growing
medium. Acta Hortic. 1995;396:273-84.

36) Edwards CA, Dominguez J, Arancon NQ. The influence of
vermicompost on plant growth and pest incidence. In: Shakir
Hanna SH, Mikhail WZA editors. Soil Zoology for Sustainable
Development in the 21st Century. Cairo: [publisher unknown];
2004. p. 397-420.

37) Zandonadi DB, Canellas LP, Façanha AR. Indolacetic and humic
acids induce lateral root development through a concerted
plasmalemma and tonoplast H+ pumps activation. Planta.
2007;225(6):1583-95.

38) Aydin A, Kant C, Turan M. Humic acid application alleviate
salinity stress of bean (Phaseolus vulgaris L.) plants decreasing 
membrane leakage. Afr J Agric Res. 2011;7(7):1073-86.

Vermicompost improve tomato productivity Steffen Gerusa PK et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ESN ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




