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PRODUCTION OF CUCUMBER SEEDLINGS IN ALTERNATIVE SUBSTRATES
WITH DIFFERENT COMPOSITIONS OF AGRICULTURAL RESIDUES'

LOUISE PINTO GUISOLFI**, PAOLA ALFONSA VIEIRA LO MONACO?, ISMAIL RAMALHO HADDADE?,
MARCELO RODRIGO KRAUSE?, LORENA APARECIDA MERLO MENEGHELLI?, KAROLINE MATIELLO
ALMEIDA?

ABSTRACT - Studies on the use of agricultural residues as an alternative to commercial substrates have
become fundamental tominimising the risk of environmental contamination resulting from inadequate disposal,
as well as reducing seedling production costs. This research involved an evaluation of growth variables and
quality of cucumber seedlings produced in substrates with different compositions of agricultural waste with a
view to providing substitutes for commercial substrate. The experiment was based on a completely randomised
design, with six treatments and ten replicates. There were five treatments with increasing proportions of
moinha/decreasing proportions of carbonized rice husk (0/40, 10/30, 20/20, 30/10 and 40/0%) and fixed
proportions of coconut fibre (15%), eggshell (5%), pine bark (40%), and one commercial substrate treatment as
the control (Bioplant®). The variables evaluated were: electrical conductivity of the substrate, plant height,
stem diameter, number of leaves, Dickson quality index (DQI) and dry matter of roots and above ground parts.
Results show that alternative substrates can replace commercial substrate without impairing the quality of
cucumber seedlings. However, the substrate containing 40% of moinha, 0% of rice husk, 15% of coconut fibre,
5% of eggshell and 40% of pine bark resulted in the highest values for all evaluated variables and appears to be
the most promising alternative substrate for the production of cucumber seedlings.

Keywords: Cucumis sativus L.. Horticulture. Organic substrates.

PRODUCAO DE MUDAS DE PEPINO EM SUBSTRATOS ALTERNATIVOS COM DIFERENTES
COMPOSICOES DE RESIDUOS AGRICOLAS

RESUMO - Estudos relacionados ao aproveitamento de residuos agricolas como substratos alternativos aos
comerciais tornaram-se fundamentais por minimizar o risco de contamina¢do ambiental decorrente do descarte
inadequado, além de diminuir os custos de producdo de mudas. Assim, objetivou-se avaliar as varidveis de
crescimento ¢ a qualidade de mudas de pepino produzidas em substratos com diferentes composi¢des de
residuos agricolas, em substituigdo total ao substrato comercial. O experimento foi realizado no delineamento
inteiramente casualizado, com seis tratamentos e dez repeti¢des, sendo cinco tratamentos com proporgoes
crescentes de moinha/decrescentes de casca de arroz (0/40; 10/30; 20/20; 30/10 e 40/0%) e proporcdes fixas de
fibra de coco (15%), casca de ovo (5%) e casca de pinus (40%), e um tratamento controle com substrato
comercial (Bioplant®). As variaveis avaliadas foram: condutividade elétrica do substrato, altura da planta,
didgmetro do colo, nimero de folhas, indice de Qualidade de Dickson (IQD) e massas secas da raiz e da parte
aérea. Os substratos alternativos podem substituir o substrato comercial, sem que haja prejuizos a qualidade de
mudas de pepino. Entretanto, o substrato contendo 40% de moinha, 0% de casca de arroz, 15% de fibra de
coco, 5% de casca de ovo e 40% de casca de pinus proporciona os maiores valores para todas as variaveis
avaliadas, sendo o mais indicado na producdo de mudas de pepino.

Palavras-chave: Cucumis sativus L.. Olericultura. Substratos organicos.
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INTRODUCTION

In recent years, cucumber (Cucumis sativus)
has become one of the fruit vegetables attracting the
greatest commercial interest in Brazil. In addition to
its economic and food value, cucumber cultivation
also has great social importance, namely the direct
and indirect generation of jobs, since it requires a
large amount of labor, from cultivation to
commercialisation (FILGUEIRA, 2008).

Within the production chain of fruit and
vegetables, a decisive factor for obtaining quality
seedlings is the type of substrate used. The substrate
must provide adequate air and water supply to the
root system (SANTOS JUNIOR et al., 2014), as well
as providing sufficient nutrient content and good
cation exchange capacity (OLIVEIRA;
HERNANDEZ; ASSIS JUNIOR, 2008), and being
easy to handle, of low cost and of high availability
(KRAUSE et al., 2017).

In the production of cucumber seedlings,
commercial substrates are widely used. However,
these substrates represent an additional cost in the
production stage of seedlings. According to Silva et
al. (2014), as most plant cultivation in Brazil is
carried out on a small scale by family farmers, the
cost of substrates leads to decreased profitability of
the investment, prompting the need to seek new
alternative sources of substrate.

For this reason, many studies have
investigated the use of agricultural residues in the
composition of substrates for seedling production. In
addition to reducing costs, this is a means of
minimising the environmental impact caused by
improper disposal of these wastes.

Among the residues generated in large
quantities in the Espirito Santo State, with potential
for use in alternative substrates for the production of
cucumber seedlings, are pine bark, coconut fibre,
charred rice husk, egg shell and the residue
generated during the drying stage of the coffee
beans, known as "moinha".

Properties, such as ease of drainage with
pinus bark (MARTIN et al., 2008), high aeration
space of rice husk (SAIDELLES et al.,, 2009),
adequate water retention with fibre environment
(ZORZETO et al., 2014), high amount of calcium
available in eggshell (NAVES et al.,, 2007) and
fertiliser potential, especially of nitrogen present in
the moinha (MENEGHELLI et al., 2016), indicate
that residues could represent alternative components
to commercial substrates.

In formulating a substrate composed of these
residues, it is fundamental to obtain the ideal
proportion of moinha and rice husk suitable for the
production of cucumber seedlings. As rice husks are

predominantly produced in southern Brazil, their use
can be costly because of high transportation costs. In
contrast, moinha has high availability in the central
region of Espirito Santo, well-known for the
production of coffee and vegetables, making its use
as a substitute for rice husk sustainable, beside
reducing costs of the production stage of seedlings.
The objective of this study was to evaluate
the growth and quality of cucumber seedlings
produced in substrates containing different
compositions of agricultural residues, with a view
tocomplete substitution for commercial substrates.

MATERIAL AND METHODS

The experiment was carried out at the
seedling nursery of the Instituto Federal do Espirito
Santo - Campus Santa Teresa, in Santa Teresa
County, Espirito Santo state. The nursery where the
study was conducted was covered with an overflow
screen, which reduced solar radiation by 50%. The
climate, according to the Koppen classification, is in
the Cwa type (subtropical of dry winter) with
temperatures and relative humidities of air outside
the nursery varying from 19.9 °C to 38.2 °C and
47.5% to 69.5%, respectively, during the
experimental period.

The residues used in the alternative substrate
for cucumber seedling production were -coffee
moinha (coffee drying residue), pine bark, egg shell,
coconut fibre and charred rice husk. The eggshell
was collected from local restaurants and subjected to
drying in the sun, followed by grinding. The bark of
charred rice and coconut fibre were donated by
Empresa Fibria, located in Aracruz-ES. The pine
bark was donated by the Demunner coffee seedling
nursery, located in S3o Roque do Canad - ES. The
moinha was collected from farms located in Santa
Teresa - ES. Before use, the moinha was sieved
through a stainless steel sieve (4 mm mesh).

The  chemical and  physicochemical
characterisation of the residues was carried out at the
Laboratory of Soils and Solid Residues of the
Agricultural Engineering Department, Universidade
Federal de Vigosa, Minas Gerais state. The analysis
consisted of determination of the pH in water, using
a benchtop pH meter, and electrical conductivity,
using a Dbenchtop conductivity meter, and
quantification of concentrations of total nitrogen
(NT), phosphorus (P) and potassium (K), according
to the methodology described by Matos (2015).

Table 1 presents the physical (EC) and
chemical attributes of the commercial substrate and
the different residues used in the composition of the
substrates.
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Table 1. Physical (EC) and chemical attributes of the commercial substrate and the different residues used in the

composition of the substrates.

Residues pH dESC ! N dag l}:g'l K
Commercial substrate 5.62 0.99 0.62 1.550 0.44
Egg shell 9.37 0.37 0.87 0.084 0.06
Coconut fibre 7.15 0.09 0.66 0.053 0.14
Moinha 5.6 6.49 3.70 0.140 0.71
Rice husk 5.9 1.15 0.59 0.082 0.033
Pine bark 5.5 0.00113 0.40 0.102 0.17

Cucumber seeds (Caipira variety) were sown
in Styrofoam trays with 200 cells, placing one seed
per cell.

The experiment was carried out using a
completely randomised design, with six treatments
and ten replicates. One treatment (T1) used
commercial substrate as the control (Bioplant®) and
five treatments (T2 to T6) wused increasing

proportions of moinha /decreasing rice husk (0/40;
10/30; 20/20; 30/10 and 40/0% by volume) and fixed
proportions of coconut fibre (15%), egg shell (5%)
and pinus bark (40%), as described in Table 2. Each
experimental unit consisted of 20 seedlings, totaling
1200 seedlings in the whole experiment. Six useful
plants were considered for each experimental unit.

Table 2. Description of the treatments (T2 to T6) with the different proportions (by volume) of agricultural residues in the

Proportions (%)

substrate.
Residues )
Moinha 0
Rice husks 40
Coconut fibre 15
Egg shell 5
Pine bark 40

The seedling production system involved
suspended trays which were placed on concrete
benches and hand-irrigated twice a day, in the
morning and in the afternoon. No fertilizers were
applied.

The evaluations took place at 24 days after
sowing (DAS), in December, and consisted of
measurement of seedling height and stem diameter,
counting the number of leaves per seedling,
determining the Dickson Quality Index (DQI) and
quantification of the dry matter content of above
ground parts and roots of the plant.

A millimeter-scale ruler was used to obtain
the height of the aboveground parts, measuring from
the base of the stem to the apical bud that gave rise
to the last leaf. The stem diameter was measured
using a precision digital caliper. Determination of the
dry matter content of the above ground part and the
roots involved cutting the plant close to the substrate
and carefully washing the roots in running water in a
sieve. The aboveground part and the roots were
packed in paper bags and placed in an oven with
forced air circulation at 65°C for 72 hours. The
material was then weight using a precision electronic
scale (0.01 g). The DQI was determined as a
function of seedling height (PH), stem diameter
(SD), dry matter of the above ground part (DMAP)
and the root system (DMR), using Equation 1, as
proposed by Dickson, Leaf and Hosner (1960).
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T3 T4 T5 T6
10 20 30 40
30 20 10 0
15 15 15 15
5 5 5 5
40 40 40 40
TDM
bal " PG - (I(Sglz/lAP @,
SD (mm)~ * DMR (g) Equation (1)
Where DQI = Dickson's Quality Index,

TDM = total dry matter (g), H = plant height (cm),
SD = stem diameter (mm), DMAP = dry matter of
above ground part (g) and DMR = dry matter of root
(8).

In addition to the biometric and gravimetric
analyses, the electrical conductivity of the substrates
was determined using a conductivity meter,
following the methodology of Matos (2015).

All the evaluated variables were submitted to
normality (Lilliefors), additivity (Tukey) and
homoscedasticity (Bartlett) tests, necessary for the
validation of their analysis of variance. Due to the
qualitative difference between the commercial
substrate (T1) and other treatments (T2 to T6),
analysis of procedural variance for qualitative
treatments was performed considering, in the
decomposition of the sum of squares of the
treatments, only the contrast between T1 and the
other treatments. In addition, for comparisons
between treatments T2, T3, T4, TS and T6 in relation
to the moinha level, adjustments were adopted in
regression models using the orthogonal polynomials
method. A "a" of 0.05 was used for all procedures.

All statistical analyzes were performed using
the Statistical Analysis Program, version 9.1.
(SAEG, 2007).
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RESULTS AND DISCUSSION

For all variables analysed, no significant
differences (P>0.05) were observed between the
control treatment (commercial substrate) and the
groups with increasing levels of moinha and
decreasing levels of rice husks, as can be seen in
Table 3. Such results, especially those obtained for
DQI, show that treatments with alternative substrates

can replace commercial treatment without impairing
the quality of cucumber seedlings. Among the
alternative treatments, the use of the substrate
containing the highest proportion of moinha and
lowest rice husk content (40:0%) becomes the most
promising substitute for the commercial substrate,
due to the greater availability of moinha in the
central mountain region of Espirito Santo state, in
addition to the low acquisition cost.

Table 3. Coefficients, significance levels and estimation of the contrasts between commercial substrate treatment (CS) and
substrates containing increasing levels of moinha and decreasing rice husks

Increasing levels of moinha: decreasing rice husk (% by

volume)
cs 0:40 10:30 20:20  30:10 40:0 Estimator oError
Contrast
coefficients > -1 -1 -1 -1 ) ]
Electrical conductivity (uS cm™)
61 36 45 46 73 64 41 0.086
Stem diameter (mm)
3.05 2.38 2.84 3.31 3.69 3.88 -0.84 0.089
Plant height (cm)
T;ev‘:r‘;gegs 10.69 7.67 9.36 10.74 10.73 11.61 3.34 0.322
Number of leaves (units)
4.48 3.85 4.30 4.67 5.03 5.33 0.77 0.153
Dry matter of above ground part (mg)
153.95 86.52 112.68 166.45 200.13 229.92 -25.95 0.568
Dry matter of roots (mg)
26.80 8.88 12.63 23.60 30.82 37.72 26.80 8.88
Dickson Quality Index (DQI)
0.020 0.007 0.010 0.018 0.024 0.029 0.008 0.265

When evaluating the different levels of
moinha (polynomial regression), first-order effects
(P<0.05) were observed for all variables analysed.
Figures la, 1b, lc, 1d, le, 1f and 1g show the
electrical conductivity (EC) of the substrate, plant
height (PH), stem diameter (SD), number of leaves
(NL), dry matter of above part (DMAP), dry matter
of the roots (DMR) and Dickson Quality Index
(DQI), respectively, as a function of increasing levels
of moinha replacing the charred rice husk, in the
composition of the substrates.

Results in Figure la show that, in general,
increased moinha content of the substrate was
associated with increased EC values, with 40%
moinha giving the highest value (69.6 uScm™). This
result was not unexpected as moinha residue was
associated with a high EC wvalue (Table 1).
Nevertheless, when mixed with other residues, it did
not reach values that could adversely affect seedling
development. Cavins et al. (2000) classified EC as
very low (0 to 025 dS m'), low (0.26 to
0.75 dS m™), normal (0.76 to 1.25 dS m™), high
(1.26 to 1.75 dSm™), very high (1.76 to 2.25 dS m'1)

and extreme (above 2.25 dS m™). In this case, the
value reported in this study (0.07 dS m™) is within
the very low range.

Figure 1b shows that 40% moinha (and 0%
rice husks) produced the highest value for PH (11.86
cm) of the different moinha levels used in the
substrate. This result was superior to that reported by
Cerqueira et al. (2015); substrates composed of
humus, carbonized rice husks and commercial
substrate in different containers did not produce
cucumber seedling heights greater than 3.5 cm. It
should be noted that these authors evaluated the
seedlings at 19 DAS (days after sowing), a shorter
period than used in this study (24 DAS).

According to Figure 1lc, 40% moinha in the
substrate produced the largest stem diameter (3.97
mm) in cucumber seedlings, while the lowest value
(245 mm) was obtained with the substrate
containing 0% moinha. Cerqueira et al. (2015) found
no SD values greater than 2.6 mm in cucumber
seedlings at 19 DAS, produced on substrates
composed of humus and charred rice husk.
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Figure 1. Electrical conductivity of the substrate (a), plant height (b), stem diameter (c), number of leaves (d), dry matter of
above ground parts (e), dry matter of roots (f), and Dickson Quality Index (g) as a function of increasing levels of moinha in
the substitution of charred rice husk in substrate composition.
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According to Figure 1d, 40% moinha in the
substrate produced the highest value for the number
of leaves (5.38 units), while the lowest value was
obtained in the substrate containing 0% moinha
(3.90 units). However, the lower value obtained here,
due to the absence of moinha, was higher than the
results obtained by Silva et al. (2014) in cv. Caipira
cucumber seedlings grown in substrates based on
sheep manure, where, at 43 DAS, the number of
leaves ranged from 1.63 to 1.98 units.

Formation of a good above ground part of the
plant is extremely important in situations which
provide limited space for growth of seedling roots,
such as tubes or trays, due to the small volume of
substrate in these containers (FERNANDES et al.,
2008). In this way, it can be seen from Figure le that
a proportion of 40% moinha in the substrate
generated the highest value for the production of
DMAP (234.01 mg), while the lowest value was
obtained in the substrate containing 0% moinha
(84.29 mg). These results are far beyond those
obtained in the study of Lima et al. (2007), Costa et
al. (2013) and Silva et al. (2014). Lima et al. (2007)
reported values of DMAP between 16.83 and
19.63 mg in cucumber seedlings grown in substrates
with vermiculite and decomposed residue. Costa et
al. (2013) reported 38 to 56 mg DMAP at 20 DAS in
cucumber seedlings grown in substrates formulated
with composite and sand. Silva et al. (2014) reported
DMAP values ranging from 125 to 242 mg in cv.
Caipira at 43 DAS, produced on substrates based on
sheep manure and soil.

According to Souza et al. (2013), the
formation of larger roots allows the seedlings to
better exploit the volume of substrate available,
allowing greater absorption of water and nutrients. In
relation to this, results shown in Figure If
demonstrate that, of the different moinha levels in
the substrate investigated, 40% produced the highest
value for DMR (37.92 mg), while the lowest value
(7.56 mg) was obtained with substrate containing 0%
moinha. Silva et al. (2014) obtained a maximum
value of 210 mg for root dry matter in cucumber
seedlings at 43 DAS, using sheep manure and soil in
aratio of 1:1.

According to Marana et al. (2008), to avoid
distortions resulting from excess nitrogen, for
example, or from leaf growth at the detriment of the
root system, quality indexes are used which
represent the relationships between growth
parameters. The Dickson Quality Index (DQI) is one
of the most widely used index for evaluating the
quality of seedlings, taking into account dry matter
production of the above part, the roots and total dry
matter, the height and the stem diameter of the plants
(DICKSON; LEAF; HOSNER, 1960). The higher
the index value, the higher the quality standard of the
seedlings. According to Figure lg, it was observed
that the increase of the moinha in the substrate, with
decreasing rice husk, produced increasing values of

DQI with cucumber seedlings, reaching the highest
value (0.0302) when 40 % moinha and 0% rice husk
was used.

In general, the substrate containing the
highest proportion of moinha, replacing charred rice
husk, (40% moinha + 0% rice husk + 15% coconut
fibre + 5% egg shell + 40% pine bark) resulted in the
best plant development and the highest quality of
cucumber seedlings. This result may be associated
with the greater amount of nutrients, notably
nitrogen, present in the substrate (Table 1).
According to Oliveira et al. (2010), nitrogen plays an
important role in plant metabolism and nutrition, and
its deficiency causes nutritional disorders. In the case
of cucurbits, the increase in nitrogen concentration,
up to a certain limit, results in increased leaf area of
the plant and, therefore, has an effect on
photoassimilate production and, as a consequence,
fruit production (QUEIROGA et al., 2007). Charred
rice husk is a residue with less availability of
nutrients compared to moinha (Table 1). This fact
corroborates the lower values obtained for growth
variables in this study when using substrates with
higher proportions of rice husk and lower
proportions of moinha.

CONCLUSIONS

Results of this study show that alternative
substrates can replace commercial substrates without
impairing the quality of cucumber seedlings. The
substrate containing 40% MO + 0% rice husk + 15%
coconut fibre + 5% eggshell + 40% pine bark
produced the highest values for all wvariables
evaluated in this study and is the most promising
alternative substrate for the production of cucumber
seedlings.
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