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Abstract

Purpose To characterize substrates made of millicomposts produced from a mixture of cow paw leaves (Bauhinia
sp.), grass clippings (Paspalum notatum), banana leaves (Musa sp.) and cardboard submitted to processing through
the activity of millipedes Trigoniulus corallinus for 90, 125 or 180 days. The efficiency of producing lettuce seed-
lings using these substrates was compared to a control substrate of earthworm humus, fine coal and castor cakes.
Method Chemical and physical characteristics of the substrates, seedling growth and clod stability were evaluated
28 days after sowing. Substrate pH and electrical conductivity during seedling development were also recorded.
Results The millicompost with the shortest processing time (90 days) contained lower levels of macronutrients (N,
Ca, Mg, P and K) compared to the millicomposts with 125 and 180 days of processing and the control substrate.
Subsequently, the lettuce seedlings produced on 90-day substrate showed less vegetative development. The milli-
composts with 125 or 180 days of processing did not differ from the control substrate in respect to lettuce seedling
development. Clod stability was greater in the control and the 180-day millicompost substrates.

Conclusion The results show that it is possible to obtain efficient substrates for lettuce production using a mixture
of various plant residues with cardboard processed through the activity of millipedes for a minimum of 125 days.

Keywords Diplopoda, Millicomposting, Organic wastes, Lactuca sativa L., Vegetables

Introduction saprophagous fauna organisms and microorganisms

(Ambarish and Sridhar 2013). Among these organisms,

The use of locally available organic composition mate-
rials, such as by-products from agricultural or agro-in-
dustrial production, is considered an important source
of raw materials for the production of substrates, by
reducing the input costs (Campanharo et al. 2006; Silva
et al. 2009; Souza et al. 2013), in addition to providing
a more suitable destination for the waste (Costa et al.
2015). Composting technology fits into this scenario,
transforming plant and animal waste into stable organ-
ic matter, through a process promoted by a variety of
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earthworms are efficient in the transformation of ani-
mal waste (Oliveira et al. 2013), while millipedes can
be used in the processing of diverse plant waste, even the
most recalcitrant in nature (Ramanathan and Alagesan
2012; Antunes et al. 2016; Antunes et al. 2019).
Earthworms are the most well-known composting pro-
moting organisms, and their role as a waste stabilizer is
considered ideal (Dores-Silva et al. 2013). The activity
of these organisms ingesting decomposing materials,
subjecting them to churning and crushing in their di-
gestive tract, where there are associated decomposing
microorganisms, and excreting humidified organic mat-
ter (Garg and Yaday 2011), generates a compost with
a greater capacity for exchange of cations, moisture
retention, intensifying its beneficial effects on plants
(Aquino et al. 1992; Dores-Silva et al. 2013; Cotta et
al. 2015).
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Different to the classical composting, which pres-
ents different temperature phases (mesophilic and ther-
mophilic), millicomposting consists of a composting
process without thermal variation, based on the activity
of diplopods, which are popularly known as millipedes,
playing important pedogenetic processes in the cycling
of soil nutrients, fragmentation and transformation of
organic matter and in the composting of plant residues
(Ramanathan and Alagesan 2012). Diplopods trans-
form plant material into fecal pellets, which influenc-
es important physical and chemical properties, such as
decreased C/N ratio and increased humic substances
(Thakur et al. 2011; Karthigeyan and Alagesan 2011;
Ramanathan and Alagesan 2012). Seen as a compost,
the residue generated by the activity of the millipedes
received the name of millicompost and has important
properties in terms of nutrition and microflora (Kania
and Klapec 2012). A species with great potential for
this purpose is Trigoniulus corallinus (Gervais), orig-
inally from Southeast Asia, which has a pantropical
distribution, being easily found in agricultural environ-
ments, mainly due to its distinctive intense red color
(Shelley et al. 2006; Bianchi and Correia 2007).

Earthworm humus is already recognized for its
great potential to be used in the formulation of sub-
strates used in the production of seedlings in organic
production systems, mainly due to the easy access to
raw material from livestock activities (Steffen et al.
2010; Oliveira et al. 2013). The substrates formulated
with residues from the activity of diplopods are little
known; however, they also have great potential for
the production of lettuce seedlings (Lactuca sativa L.)
(Antunes et al. 2016).

Research results, as demonstrated by Antunes et al.
(2018), demonstrate that it is possible to obtain milli-
compost from 90 days, but longer processing times may
be necessary to obtain better quality substrates, because
as time passes, the greater the transformation of the
waste or by-product of composition organic in stable
organic matter is. However, the minimum processing
time to obtain efficient substrates has not yet been es-
tablished.

The objective of this work was to characterize
millicompost produced from the mixture of plant res-
idues and cardboard shavings, submitted to different
processing times through the activity of Trigoniulus
corallinus (Gervais) millipedes, and to evaluate their
efficiency as substrates for the production of lettuce
seedlings.

Material and methods

The production of the millicompost and a seedling
growth experiment were carried out in the Integrated
System of Agroecological Production (SIPA - “Fazend-
inha Agroecologica Km 47”), located in Seropédica,
RJ, Brazil. The climate in the region is an Aw type,
according to the Koppen classification, where rains are
concentrated between November and March, and an av-
erage annual temperature of 23.9 °C and precipitation
of 1,213 mm (Oliveira Jinior et al. 2014).

Production of millicompost

The production of millicompost started in August
2015 and was completed in February 2016, being
carried out with diplopods of the species Trigoniulus
corallinus (Gervais). Three concrete rings were used,
with a height of 0.5 m and a diameter of 1 m, with a
capacity to receive approximately 400 L of waste. In
the first stage, the residues were quantified and de-
posited inside the three rings, at a height of approxi-
mately 40 cm. Residues from Bauhinia sp. (cow paw
leaves), Paspalum notatum (grass clippings), Musa
sp. (banana leaves) and cardboard shavings in the
proportion of 200 L, 150 L, 100 L and 50 L, respec-
tively. The proportion of each waste used was based
on the consumption results obtained by Antunes et al.
(2019), which found during the ten-day period higher
consumption of banana leaves, followed by cow paw
leaves, grass clippings and cardboard. The higher pro-
portion of cow’s paw leaves was motivated by the fact
that it had higher nitrogen content, resulting in a more
nutrient-rich compound.

The waste was wetted and homogenecously mixed.
In the second stage, each ring received an approxi-
mate amount of 2.2 L of millipedes, which is equiv-
alent to a population of approximately 3,960 adult
individuals, collected manually in vermicomposting
beds, in compost pans and on the lawn containing
fresh cuttings. The maintenance of humidity was
performed with the addition of water via a watering
can, weekly or when necessary. Then, the rings were
covered with a shade to prevent millipedes from es-
caping when climbing the wall of the ring or pre-
venting something unwanted from entering the ring,
impairing the process of millicomposting. The con-
tents of macronutrients present in the residues used
are shown in Table 1.
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Table 1 Carbon/nitrogen ratio (C/N) and macronutrient content in materials used for millicomposting

C/N N P K Ca Mg
Residue .

Ratio g kg!
Cow paw 39.62 12.80 0.90 2.75 34.52 3.59
Grass 25.22 20.20 3.49 19.84 4.17 3.12
Banana 56.02 9.40 0.65 13.21 11.62 2.89
Cardboard 291.04 1.90 0.20 0.52 5.89 0.50

The millicomposts were obtained at 90, 125 and
180 days after starting the above process. After be-
ing removed from the rings, the millicomposts were
sieved in 2.0 mm mesh and stored in plastic bags,
which remained frozen in order to paralyze biologi-
cal activity, being thawed only at the specific time to
be used in the production of vegetable seedlings, as a
substrate.

Characterization of substrates

A detailed characterization of the chemical and phys-
ical properties of the substrates (millicomposts of 90,
125 and 180 days) and the control called substrate
SIPA (83% of vermicompost produced in the Integrat-
ed System of Agroecological Production + 15% fine
plant charcoal and 2% castor bean cake), as proposed
by Oliveira et al. (2011), was carried out, with three
replications for all evaluated parameters. Total levels
of N, P, K, Ca and Mg were obtained according to the
methodology described by Teixeira et al. (2017). The
determination of the carbon content was made in the el-
emental analyzer (CHN), also known as Dumas’ meth-
od (Nelson and Sommers 1996).

The characterization of N forms present in the sub-
strates was also carried out: N-ammonium, N-nitric and
N-organic. For this analysis, twenty grams of substrate
were subjected to extraction with 60 mL of K SO, 2
moles L-1 for one hour on a rotary shaker at 220 rpm.
The supernatant was filtered and the concentrations of
NO, and NH," were determined in the resulting solution
by UV spectrometry. For the determination of NO,, the
procedures described by Miyazawa et al. (1985) were
used, but using only 220 and 275 nm wavelengths. The
absorbance at 275 nm was multiplied by two and then
subtracted from the absorbance at 220 nm to determine
the NO," absorbance, as described by Olsen (2008). For
the determination of NH, |,
procedure was used (Kempers and Zweers 1986). Or-

the salicylate-hypochlorite

ganic N was obtained by subtracting N-ammonium and
N-nitrate from total N.

As for the physical characteristics, the values of
volumetric density, macroporosity, microporosity and
total porosity were determined, as well as the water re-
tention capacity through the tension table methodology
described by Teixeira et al. (2017).

Experiment with lettuce seedlings

The production of lettuce seedlings was carried out
in expanded polystyrene trays with 200 cells. Two
pelleted seeds of the curly lettuce cultivar Vera were
placed in each cell. After nine days, the seedlings were
thinned to one plant per cell. Each experimental unit
consisted of a tray.

pH and electrical conductivity during the develop-
ment of lettuce seedlings

Sampling for measurements of pH and electrical conduc-
tivity (EC) was performed at 0, 7, 14, 21 and 28 days
after sowing. Substrate from four randomly selected cells
was collected per experimental unit each time, totaling
50 mL of substrate. The pH and EC analyses were per-
formed in a distilled water/substrate solution (5:1 v/v),
according to the method described by Brasil (2008).
Statistical analysis was performed using the subdivid-
ed plot scheme, with substrate as the main plot and seed-
ling development times as the sub-plot, in a completely
randomized design with four replications. The variations
in pH and electrical conductivity throughout the develop-
ment of the seedlings were presented by means of graphs
containing the average values and the standard error.

Evaluation of lettuce seedlings

At 28 days after sowing, ten lettuce seedlings were re-
moved at random per experimental unit and were evalu-
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ated: the fresh mass of the aboveground plant (FMAP),
dry mass of the aboveground plant (DMAP), fresh mass
of the roots (FMR), dry mass of the roots (DMR), plant
height (PH), number of leaves (NL), seedling vigor
(SV) and clod stability (CS). After weighing the fresh
mass of the aerial part and the roots, they were indi-
vidually separated in paper bags and kept in a forced
air circulating oven at 65 °C for 72 hours, in order to
determine their dry mass.

Seedling vigor (SV) was determined using the
methodology adapted from Franzin et al. (2005),
classifying as Note 1: excellent vigor, number of leaves
> 4, a height greater than 5 cm and visual absence of
nutritional deficiency; Note 2: good vigor, number of
leaves > 4, height > 5 cm and yellowish beginning not
prominent in the basal leaves; Note 3: regular vigor,
number of leaves > 4, height > 5 cm; nutritional defi-
ciency expressed by a prominent yellowing that extends
beyond the basal leaves or other intrinsic symptoms;
Note 4: poor vigor, well-defined nutritional deficiency,
expressed by height problems (< 5 ¢cm), reduced num-
ber of leaves (<4 leaves) and intense yellowing or other
intrinsic symptoms.

Clod stability (CS) was determined by a method-
ology adapted from Gruszynski (2002), classifying as
Note 1: Low stability, 50% or more of the substrate is
retained in the container when the seedling is removed
and the clod does not remain cohesive; Note 2: Between
30 and 50% of the substrate is retained in the container
when the seedling is removed but the clod does not re-
main cohesive; Note 3: Regular, between 15 to 30% of
the substrate is retained in the container when the seed-
ling is removed, but does not remain cohesive; Note 4:
Good stability, the clod is completely detached from the
container with up to 90% cohesion and maximum loss
of up to 10% of the substrate.

The design used was randomized blocks with four
replications, where four treatments (substrates) were
evaluated. For data analysis, evaluations were made of
the homogeneity of the error variances by the Bartlett
test and normality by the Shapiro-Wilk test. The data
were subjected to analysis of variance by the F test and
subsequently submitted to the Scott-Knott test of means
(<0.05), using the Rbio statistical program (Bhering
2017).

Results and discussion

Physico-chemical and chemical characteristics of
substrates

The total carbon content of the substrates ranged from
276 to 379 g kg! (Table 2). Also in Table 2, it is pos-
sible to notice that the substrates S1, S2 and S3 (mil-
licomposts) showed decreasing C/N ratio and C total
values and increases in macronutrient contents, respec-
tively, according to the time of obtaining the substrate.
Total N was similar among the substrates (Fig. 1). How-
ever, N available as ammonium and nitrate was signifi-
cantly higher for the control substrate (S4). The sub-
strate S1 showed 99% of'its N in organic form, which is
not available to plants. The other substrates had organic
N content ranging from 92.88 (S2) to 81.17% (S4).
The content of other nutrients (P, K, Ca and Mg)
also increased according to the millicomposting time
for the substrates S1, S2 and S3. Due to the type of
waste used in millicomposting, more time is needed for
stabilization and thus improving its chemical proper-
ties. The content of nutrients in the S4 substrate was
higher, while the content of calcium was lower than in
all millicomposts. Schmitz et al. (2002), assuming 50 to
60% of organic matter is carbon, established that more

Table 2 Analysis pH, electrical conductivity (EC), C/N ratio, total carbon content and total macronutrients of the

substrates evaluated in the production of curly lettuce seedlings cv. Vera

C/N C N P K Ca, Mg
Substrates . B

Ratio gkg' e YL Py pE—
S1 - Millicompost 90 days 18.98 a 379 a 9133 ¢ 617d 2970d 12872 ¢ 2215¢
S2 - Millicompost 125 days 16.51b 357b 10994 b 801 ¢ 3724 b 16125b 2727 b
S3- Millicompost 180 days 15.05¢ 352b 10694 b 996 b 3341 ¢ 16868 a 2766 b
S4 -SIPA 16.65b 276 ¢ 11996 a 3922 a 5931 a 10549 d 5059 a
CV (%) 2.15 1.16 2.12 4.29 3.05 9.12 4.94

Means followed by the same letter in the column do not differ by the Scott-Knott test (<0.05)
SIPA substrate: 83% of vermicompost + 15% fine plant charcoal and 2% castor bean cake

4
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than 250 g kg' organic carbon is ideal for container
substrates. All the substrates used in this work fit the
range of 276 to 379 g kg!' (Table 2).

The results of C/N ratio, organic carbon and nutri-
ents obtained in this work corroborate the results found
by Ramanathan and Alagesan (2012), who found de-
creases in the C/N ratio and total C with increases in the
levels of N, P, K and Ca for the millicompost produced
in 60 days. Antunes et al. (2016) also observed the nu-
tritional enrichment of the millicompost with Ca and
Mg, being effective in the production of Regina 2000
lettuce seedlings. The C/N ratio is an important param-
eter for characterizing the substrate, as it indicates the
form N at the end of the composting process (Da Ros et
al. 2015). The Normative Instruction number 25 of the
Ministry of Agriculture, Livestock and Supply (MAPA
2009) highlights that the C/N ratio cannot exceed 20
and the total nitrogen content must be at least 5.0 g kg
I for organic composts. In this way, all the substrates
used in this work meet the requirements of the norma-
tive instruction.

The lower C/N ratio of substrates S2, S3 and S4
(Table 2) promoted a greater availability of mineral N
(Fig. 1), resulting from the mineralization of organic
N which, according to Pereira (2013), has an inverse
relationship between the C/N ratio and nitrogen avail-
ability in the substrate. Similar results were observed
by Da Ros et al. (2015), who evaluated the germina-
tion, growth and quality of E. dunnii and C. trichotoma
seedlings in different substrates from the composting of
organic residues, finding the greatest growth of seed-
lings in the substrates with the lowest C/N ratio (18.6
to 29.3).

Fig. 1 Proportion (%) of different forms of nitrogen
present in the substrates used to produce curly lettuce

cv. Vera

Means followed by the same letter in the bar do not differ by the
Scott-Knott test (<0.05)

SIPA substrate: 83% of vermicompost + 15% fine plant charcoal and
2% castor bean cake

Nitrogen (N) is an essential element for plants and
low levels present in the substrates directly affects the
formation of roots, the process of photosynthesis, the
production and translocation of photoassimilates and
the growth rate between leaves and roots, with leaf
growth being primarily affected (Taiz and Zieger 2004).
The substrates had similar total levels of N; however,
the proportions of available N varied, mainly in relation
to the substrate S4, where the proportion N-ammoni-
um + N-nitrate was higher than in the other substrates
(Fig. 1). The substrate S1 showed 99% of N in organic
form that is not available to plants, which may explain,
together with the high pH, the reduced initial seedling
development supported by this substrate.

Currently, there are no ideal nutrient ranges for
substrates in the literature. However, Gongalves and
Poggiani (1996) established value scales for the inter-
pretation of substrate chemical characteristics, such as
adequate levels of macronutrients. The concentration of
phosphorus considered adequate varies from 400 to 800
mg L', but it was above that established only for sub-
strates S3 and S4 (Table 2).

Potassium levels between 1173 to 3910 mg L' are
considered adequate and only substrate S4 had above
the established levels (Table 2). The calcium levels
were above the levels considered adequate (2004 at
4008 mg L) for all substrates, mainly for substrates S2
and S3 (Table 2). This significantly greater difference
in these substrates is due to the low survival rate of the
millipedes until the end of the millicomposting process,
which promoted the incorporation of the nutrients pres-
ent in their bodies into the compost, mainly calcium.
All substrates also showed Mg above the adequate levels
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(607 to 1215 mg L"), with substrate S4 superior to the
other substrates (Table 2). This superiority in the values
of N, P, K and Mg in the substrate S4 is attributed to
bovine manure as a raw material for vermicomposting.
However, the substrates S1, S2 and S3 (millicomposts),
meet or are above the appropriate ranges established by
the aforementioned authors, which proves to be effec-
tive in providing nutrients to plants.

Physical characteristics of substrates

The Table 3 shows the physical characteristics that
were evaluated on the substrates used in this experi-
ment. The volumetric density was different for the four
substrates, with millicomposts S3 being the least dense
(220 kg m?).

The millicomposts had the highest total porosi-
ty, with substrate S3 having the highest percentage
(89.59%) while S4 had the lowest percentage (76.47%).
The highest percentages of microporosity were record-
ed for substrate S3 (64.97%), followed by substrates S1

and S2 (50%) and S4 with 48.16%. The macropo-
rosity differed statistically only for the substrate S3
(24.63%), which was lower in relation to the other
substrates, whose macroporosity varied from 28.31
to 30.17%. The water retention capacity was higher
for the substrate S3 while the control substrate S4,
showed the lowest retention capacity at 24.08 mL 50
cm™.

The density of a substrate is important for porosi-
ty, aeration and water availability (Fermino 2003). A
density between 100 and 300 kg m? is considered as a
reference for substrates used in trays (Fermino 2002).
Thus, the substrates S1, S2 and S3 (millicomposts)
present densities within the range proposed for use in
trays, with only the substrate S4 having a volumetric
density above the proposed standard, probably due to
the addition of fine coal in the formulation of this sub-
strate. Furthermore, the density is an important proper-
ty for management. In addition to management, density
influences cost of transport, handling and required in-
frastructure (Fernandes et al. 2000).

Table 3 Physical analysis of the evaluated substrates: volumetric density, percentages of total porosity, micropo-

rosity, macroporosity and water retention capacity at a tension of 10 cm of water column (CRA10 cm)

Volumetric density Porosity (%) CRA
Substrates 3 Wem .
(kg m) Total Micro Macro (mL 50 cm™)
S1 - Millicompost 90 days 240 ¢ 80.00b  50.09b 30.17 a 25.04b
S2 - Millicompost 125 days 320b 80.26 b 50.74 b 29.26 a 25.37b
S3- Millicompost 180 days 220d 89.59a 64.97 a 24.63 b 3248 a
S4 -SIPA 370 a 76.47 ¢ 48.16 ¢ 28.31a 24.08 ¢
CV (%) 0.74 1.28 1.85 4.47 1.85

Means followed by the same letter in each column do not differ by the Scott-Knott test (<0.05). SIPA substrate: 83% of vermicompost + 15%

fine plant charcoal and 2% castor bean cake.

According to the values indicated as adequate for
total porosity by Gongalves and Poggiani (1996), the
substrates S1, S2 and S4 are considered adequate
(Table 3), standing in the range of 75 to 85%. Although
the substrate S3 had a higher total porosity than the oth-
er substrates, it meets the recommendation of Carrijo
et al. (2002), being above 85% (Table 3). According
to Kédmpf (2005), the total porosity is of fundamental
importance for the growth of plants, since the high con-
centration of roots formed in the containers requires a
high supply of oxygen and rapid removal of the carbon
dioxide formed.

As for microporosity, the substrates S1, S2 and S4
showed microporosity between 45 - 55% (Table 3), a

6

range considered adequate according to the recommen-
dation of Gongalves and Poggiani (1996). Although
the substrate S3 was above the range considered ade-
quate, with 64.97% microporosity, it did not present
any problems in the development of lettuce seedlings.
Ramanathan and Alagesan (2012) when evaluating the
efficiency of the conversion of organic flower residues
by millipedes, attributed the highest humidity in milli-
composts due to the compaction of fecal pellets when
compared to composted residues without the presence
of the millipedes.

As for macroporosity, Gongalves and Poggiani
(1996) consider the range of 35-45% to be the appropri-
ate levels. However, all substrates showed macroporos-
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ity ranging from 28.31 to 30.17% (Table 3), considered
average levels by the same authors. It can be observed
that the macroporosity of the substrates S1, S2 and S3
(millicomposts) decreased as the processing time of
these substrates was extended. The substrate S3, being
obtained after 180 days, no longer presents the struc-
tures of fecal pellets as those observed in substrates S1
and S2, obtained after 90 and 125 days, respectively.
This is due to the biological activity that is associat-
ed during the millicomposting process (isopods and
microorganisms), which promotes the fragmentation
of these structures, thus making the S3 substrate more
pulverized, which results in lower levels of macropores
in relation to substrates S1 and S2.

The water retention capacity of a substrate plays
a fundamental role in supplying water to plants.
Gongalves and Poggiani (1996) consider values be-
tween 20 - 30 mL 50 cm™ as adequate levels of water
retention capacity. In this way, all substrates meet the
levels established by these authors (Table 3), with the
exception of S3 substrate, which was close to the range
considered adequate (32.48 mL 50 c¢cm™), due to rela-
tively more microporous.

Variation of pH and electrical conductivity of
substrates during the development of lettuce
seedlings

The results of the analysis of variance are shown in
Table 4, where it can be seen that for both pH and elec-
trical conductivity there were highly significant effects
of the treatments, seedling development time and treat-
ment X time interactions.

At the beginning of the seedling development,
the substrates formulated based on millicompost had
pH values close to neutrality, and the SIPA substrate
showed pH 8.34, which is slightly alkaline. Fig. 2 shows
the results of weekly pH monitoring for the substrates
used in the production during the 28 days of seedling
development in the greenhouse and reveal the increase

in pH values for all substrates from the seventh day. It
can be observed that the pH increases in the substrate
S3 surpassed the value obtained for the substrate S2 af-
ter 14 days, remaining in elevation until 21 days, when
the substrates S1, S2 and S3 presented declines in their
respective values of pH, differing from the substrate S4,
which kept increasing throughout the period.

The changes in the pH values are due to changes
in the excretion of H" which, in turn, are due to an im-
balance in the absorption of cations and anions. Fig. |
shows the fractions of N present in the substrates, and it
is observed that the highest percentages of N-nitrate are
present in the substrates S2, S3 and S4, thus explaining
the increase in pH values.

Costa (2014) explains that the way nitrogen is sup-
plied to plants ends up being partly responsible for the
difference between the pH of the rhizosphere and that
of the soil - in this case, the pH of the substrate. If ni-
trogen is supplied in the NH," form, it will generate a
decrease in the rhizosphere pH, caused by the efflux of
H* (H" outflow from the cell); however, if it is supplied
in the form of NO_, it will lead to an increase in the rhi-
zosphere pH due to influx of H" (H" entry into the cell).
Out of range pH values affect nutrient availability for
cultivated plants. For substrates with pH values below
5.0, deficiencies of nitrogen, potassium, calcium, mag-
nesium and boron may occur, whereas at pH values
above 6.5 deficiencies of phosphorus, iron, manganese,
zinc and copper are expected. (Kratz 2011). The sub-
strate S1 showed pH 8.34 at 0 days (Fig. 2), hinder-
ing the development of lettuce seedlings, was observed
from the seventh day, which resulted in lower quality
seedlings 28 days after sowing (Fig. 4 and Table 5).

Ferraz et al. (2005) report that at pH 6.0 to 7.0, there is
an adequate availability of nutrients in commercial min-
eral substrates, whereas for organic substrates this value
varies from 5.2 to 5.5, with an ideal pH range from 5.5
to 6.5. The pH values were above the ideal range for all
substrates, and for the substrates S2, S3 and S4, the pH
ranged from 7.01 to 7.69 at 0 days (Fig. 2), neverthe-

Table 4 Analysis of variance for pH and electrical conductivity (EC) of the split plot design, with substrate as the

main plot and time (days after sowing) as sub-plots, showing the significance levels and the coefficients of vari-

ation
Significance level CV%
Parameter
Substrate Days after sowing Interaction Plot Subplot
pH <0.001 ** <0.001 ** <0.001 ** 3.23 1.70
EC <0.001 ** <0.001 ** <0.001 ** 29.29 24.66

**: significant at the 1.0% level
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less these values were not able to cause damage in the
development and quality of lettuce seedlings and cor-
roborate with Costa (2014), who reports that lettuce is
a species adapted to alkaline soils, tolerating pH from
6.5 to 7.5.

Possibly the higher pH at 0 days, which made the S1
substrate unfavorable in relation to the others, was the
result of the lower presence of N-nitrate (Fig. 1) when
compared to the substrates of the same process, S2 and
S3. Leal et al. (2013) reported that the pH reduction
in composting occurs due to acidification induced by
the transformation of N-ammonium into N-nitrate, con-
firming the results presented here, where the less pH
value can be observed in the substrates S2 and S3 at 0
days (Fig. 2), due to the increase in the levels of N-ni-
trate present in these substrates (Fig. 1).

The electrical conductivity (EC) values of the sub-
strates ranged from 0.65 to 2.66 dS m'at 0 days (Fig. 3),
the lowest value being recorded for the substrate S1 and

the highest value for S4. The Fig. 3 shows the EC val-
ues measured weekly in the substrates, during the 28
days of seedling development in the greenhouse. It is
possible to notice that there was a severe drop in the
EC values of the S4 substrate until the seventh day.
Although there was a drop in the values of the other
substrates, it was lower when compared to the substrate
S4, used as a control. From the 14th day onwards, there
was an increase in the EC values in the substrates S1,
S2 and S3 (millicomposts) with decreases after the 21st
day, including for the substrate S4.

The electrical conductivity (EC) is indicative of the
concentration of salts in the solution and provides a pa-
rameter for the estimate of salinity in the substrates. EC
values between 2.0 to 4.0 dS m™!' are considered high for
substrates, values from 1.0 to 2.0 dS m™ are normal and
less than 1.0 dS m™' are considered low (Aratijo Neto et al.
2009). Therefore, only the substrates S2 and S3 showed
normal concentrations of salinity at 0 days (Fig. 2), while

Fig. 2 pH values observed in the substrates during
the development of curly lettuce seedlings cv. Vera.
Average of four repetitions + standard error
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SIPA substrate: 83% of vermicompost + 15% fine plant charcoal
and 2% castor bean cake

Fig. 3 Values of electrical conductivity (EC) ob-
served in the substrates during the development
of lettuce seedlings. Average of four repetitions +

Days

standard error
SIPA substrate: 83% of vermicompost + 15% fine plant charcoal
and 2% castor bean cake
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the substrate S4 showed high concentration, possibly due
to the addition of castor cake in its formulation.

The substrate S1 presented low concentrations of
salts, this was caused by the shorter processing time
of the residues used in composting by the millipedes,
resulting in lower values of macronutrients in relation
to the substrates S2 and S3. The substrates S2 and S3,
which were obtained at 125 and 180 days, respective-
ly, show an increase in EC, a decrease in the C/N ratio
and organic C, result of mineralization and availability
of nutrients, promoted by the biological activity present
in fecal and associative pellets. millicomposts (Table 2).
Ramanathan and Alagesan (2012), evaluating the dif-
ference between vermicompost and millicompost in
the production of pepper in pots, verified an increase of
27.40% in the EC of the millicompost with 60 days in
relation to the 30 days, due to the increase in the nutri-
tional levels of the millicompost, corroborating with the
results presented here.

This weekly monitoring generated relevant infor-
mation about the nutrient retention capacity in these
substrates, which, in the face of daily irrigation, may
undergo leaching. As previously mentioned, organic
substrates have N mobilization and mineralization
cycles due to the biological activity present in them.
Possibly the rapid mineralization of the castor cake
added to the S4 substrate and subsequent leaching due
to the daily irrigation levels caused this decrease in the
EC from 2.66 to 0.87 dS m! seven days after sowing
(Fig. 3).

The decreases in the EC values for all substrates
after 21 days probably occurred due to the nutritional
demand by the lettuce seedlings, which were approach-
ing the time of transplantation to the production beds.
Thus, even though all substrates are of organic origin,
the substrates S1, S2 and S3 (millicomposts) were able
to maintain the levels of electrical conductivity more
stable in relation to the substrate S4, that is, they were
able to retain and provide nutrients to the lettuce seed-
lings by gradually releasing them.

Development of lettuce seedlings

There were significant differences in all parameters
evaluated in this study. Only the result of the fresh
mass of the aboveground plant (FMAP) of the seedlings
produced on substrate S1 differed statistically and was
lower than the other substrates (Fig. 4). The results of
dry mass of the aboveground plant (DMAP) followed

the same trend as FMAP (Fig. 4). S1 and S2 had signifi-
cantly smaller root fresh (FMR) and dry mass (DMR,
Fig. 4). Even though not statistically significant, FMR
was 23.5 percent smaller for substrate S3 compared to
S4.

The substrates are of fundamental importance for the
performance of vegetable seedlings, since their chemi-
cal and physical characteristics are capable of directly
influencing the fresh and dry mass of the aboveground
plant and roots and at the end of the seedling phase,
they provide the obtaining healthy and vigorous plants,
which is desirable. Furlan et al. (2007) observed the
best formation of cabbage seedlings in alternative sub-
strates when compared to commercial substrates, with
greater accumulation of dry mass of the aboveground
plant and dry mass of the roots, highlighting the great-
er efficiency of mixtures of vermicompost, carbonized
rice husk and rock dust as a substrate, providing greater
growth.

Ramanathan and Alagesan (2012) compared pep-
pers in pots with substrates based on vermicompost
and millicompost generated at 60 days, and obtained
the best parameters of plant height, number of leaves,
leaf area, number and weight of fruits in the millicom-
post. Although all the substrates used in this work are
organic, the millicomposting processing time ended
up influencing the final availability of nutrients, which
resulted in lower seedling performance for the S1 sub-
strate (Fig. 4 and Table 5).

The variations in the weight of fresh and dry root
mass can be attributed to the physical and chemical
characteristics of the substrates, which interfered
in the root development of the lettuce seedlings
during the cultivation phase. According to Santos
and Carlesso (1988), the water deficit is able to stim-
ulate the expansion of the root system in search of
more humid areas. Possibly, the lower water retention
capacity of substrate S4 (Table 2) stimulated root ex-
pansion, providing this difference. Ferraz et al. (2005)
reported that the substrate has a marked influence on
the root system, especially with regard to the quantity
and size of the particles, which define the aeration and
water retention necessary for root growth. Thus, the
lower weight of the fresh root mass on the substrate S3
is justified by the fact that it has a water holding capacity
34.90% higher than the substrate S4 (Table 2). However,
the dry root mass on the S3 substrate showed a higher
average value when compared to all other substrates

(Fig. 4).



Int. J. Recycl. Org. Waste Agric 11(1): 1-13, Winter 2022

800
a a

700 = S1 - Millicompost 90 days
600 - S2 - Millicompost 125 days

u S3 - Millicompost 180 days
500 -

mS4 - SIPA
400

300
200
100

Milligrams plant-!

FMAP

DMAP RFW

The S1 substrate showed statistically lower values
than the other substrates for the number of leaves, plant
height, seedling vigor and clod stability (Table 5), at-
tributing these results to the chemical characteristics of
this substrate (Table 2). The substrates S2, S3 and S4
followed the same trend in the average values of num-
ber of leaves and seedling vigor, being only the height
of plant higher for the substrate S3 in relation to the
substrates S4 and S2, although they did not present sta-
tistical differences. It is possible to notice that the best
stability of the clod was provided by the substrates S3
and S4 (Table 5), which differed statistically between
themselves and the others. The substrates S1 and S2
were similar and did not differ from each other; howev-
er, they were inferior to the substrates S3 and S4, with
clod stability notes close to 1, which resulted in 50% or
more of the clod retained in the container when seed-
lings were removed.

The lower seedling vigor, for the S1 substrate seed-
lings, can be attributed to the chemical characteristics

RDW

Fig. 4 Average values from fresh mass of the
aboveground plant (FMAP), dry mass of the
aboveground plant (DMAP), fresh mass of the
roots (FMR) and dry mass of the roots (DMR)
of curly lettuce cv. Vera produced on four dif-

ferent substrates, at 28 days after sowing
Means followed by the bar letter in the column do not dif-
fer by the Scott-Knott test (<0.05)

SIPA substrate: 83% of vermicompost + 15% fine plant
charcoal and 2% castor bean cake

of this substrate, whose nutrients levels were lower than
the other tested substrates (Table 2) and to its physical
characteristics, where the particles of this substrate still
preserved the structure of the fecal pellets of the milli-
pedes, which may have provided a lower root system
adhesion on the substrates S1 and S2, making the clod
stability lower when compared to the clod stability of
the S3 and S4 substrates (Table 5). Although substrate
S2 showed less root stability, it was able to provide
seedling development with similar vigor to the sub-
strates S3 and S4, demonstrating its excellent capacity
in the supply of nutrients (Table 2), water and aeration
to the seedlings (Table 2). For transplanting in the field,
the seedlings that combine better vigor and stability of
the clod will end up reflecting on the formation of uni-
form stands and provide high survival rate, reducing or
eliminating the need for seedling replanting.

The use of organic waste as substrates for vegetable
production has been successfully confirmed in recent
years and the use of millicomposts as an organic sub-

Table 5 Number of leaves (NL), plant height in centimeters (PH), seedling vigor (SV), clod stability (CS) and co-
efficient of variation (CV) of curly lettuce seedlings cv. Vera, grown on four different substrates, at 28 days after

sowing
Substrates NL PH(cm) Sv CS
Millicompost 90 days 328D 325b 338a 143 ¢
Millicompost 125 days 475 a 6.87a 1.08 b 133 ¢
Millicompost 180 days 448 a 8.62a 1.23b 3.03b
SIPA 4.60 a 7.63 a 1.12b 377 a
CV (%) 6.29 23.41 18.02 17.65

Means followed by the same letter in the column do not differ by the Scott-Knott test (<0.05)
SIPA substrate: 83% of vermicompost + 15% fine plant charcoal and 2% castor bean cake.
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strate and of low cost corroborates with other studies,
such as that of Medeiros et al. (2007), who evaluated
different substrates in the production of lettuce seed-
lings and observed that the substrate based on organ-
ic compost was the one with the highest values for all
evaluated phytotechnics characteristics and by Simdes
et al. (2015), who tested different substrate condition-
ers, recording relevant results in the production of let-
tuce with organic compost.

According to Pereira (2013), the use of organic
composts as substrates propitiates the development of
more vigorous seedlings, for the reason that they are
capable of providing the necessary nutrients for growth
for various crops and currently represent an alternative
to reduce the cost of production of vegetable seedlings
(Silva Junior et al. 2014).

Conclusion

The millicompost obtained at 90 days showed lower
nutrient (N, Ca, Mg, P, and K) content, compared to the
125- or 180-day millicompost. The seedlings grown in
the 180-day millicompost had a greater accumulation
of biomass, greater height, and clod stability, that is,
leaving smaller amounts of substrate in the cells when
the seedlings were removed for evaluation. These re-
sults confirm the viability of using millicompost as a
substrate to produce good quality lettuce seedlings from
using a mixture of various plant residues with card-
board.
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