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Abstract
The quality seedlings production, which is dependent on the substrate used, are fundamental to the
establishment of vegetable crops. The aim of this study was to evaluate the quality of lettuce seedlings in
response to addition of vermiculite concentrations of substrates (pine bark, coconut fiber and peat)
through the use of multivariate statistical methods. An experiment was conducted, where treatments
consisted of vegetable substrates combinations and three concentrations of vermiculite (0, 25 and 50%),
were added to the substrates. Lettuce crop was used as test plant, from which we evaluated the
seedlings emergence, the root volume (RV), roots and shoot fresh and dry phytomass, true leaves
number and the smaller true leaf height. The principal component analysis and canonical discriminant
function analysis were applied. The seedling emergence was lower when using coconut fiber as substrate. The other variables evaluated have had maximum increments when using peat. The first two
principal components explained 84.70% of the total variance. The RV was the most important for
seedlings produced, variable highlighted by the use of the two multivariate methods, which has proved to
be suitable for qualitative assessments of seedlings. The quality of lettuce seedlings is not affected by
the addition of vermiculite in substrates composed of pine bark, coconut fiber and peat.
Additional keywords: coconut fiber; Lactuca sativa L.; peat; pine bark; principal component analysis.
Resumo
A produção de mudas de qualidade, as quais são dependentes do substrato utilizado, são fundamentais
para o estabelecimento das culturas hortícolas. Objetivou-se neste trabalho avaliar a qualidade de
mudas de alface em resposta a adição de concentrações de vermiculita em substratos (casca de pinus,
fibra de coco e turfa) por meio do uso de métodos estatísticos multivariados. Para tanto, conduziu-se um
experimento onde os tratamentos foram às combinações dos substratos hortícolas e três concentrações
de vermiculita (0, 25 e 50%), adicionadas aos substratos. Utilizou-se como planta teste a cultura da
alface, onde se avaliou a emergência de plântulas, o volume de raízes (VR), a fitomassa fresca e seca
de raízes e da parte aérea, o número de folhas verdadeiras e a altura da menor folha verdadeira. Foram
aplicados dois métodos estatísticos multivariados: a análise de componentes principais e a análise de
função discriminante canônica. A emergência de plântulas foi menor quando se utilizou a fibra de coco
como substrato. As demais variáveis avaliadas obtiveram máximos incrementos quando se utilizou turfa.
Os dois primeiros componentes principais explicaram 84,70 % da variância total. O VR foi a variável
mais importante para as mudas produzidas, destacada pelos dois métodos multivariados, que se
mostraram adequados para avaliações qualitativas das mudas produzidas. A qualidade de mudas de
alface não é afetada pela adição de vermiculita em substratos compostos por casca de pinus, fibra de
coco e turfa.
Palavras-chave adicionais: análise de componentes principais; casca de pinus; fibra de coco;
Lactuca sativa L.; turfa.
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this context, the aim of this study was to evaluate,
through multivariate statistical methods use, lettuce
seedlings quality in response to the addition of
different vermiculite concentrations in horticultural
substrates (pine bark, coconut fiber and peat).
Material and methods

Lettuce (Lactuca sativa L.) is one of the
most cultivated vegetables in Brazil. In lettuce
cultivation, as well as in other vegetables, seedling production use is made, which constitutes
one of the most important stages of horticultural
production, since it acts directly on the plants
final performance and in the production process
(SILVEIRA et al., 2002).
In recipient seedling production, substrates are used to replace soil. Substrates are a
porous medium formed by materials of mineral,
organic or synthetic origin, which have wide variation on its properties (FERMINO & KÄMPF,
2012). The substrate used in seedlings production is essential in seedlings germination and
establishment, once factors such as structure,
aeration, water holding capacity and pathogens
contamination degree may vary depending on the
material used (FERNANDES et al., 2012).
However, substrates properties are sporadically not satisfactory, being then necessary to
use a conditioner to improve the present deficiencies, such as water, aeration and nutrients
retention, among others. Among the recommended conditioners, vermiculite is highlighted
(ARAÚJO NETO et al., 2009; CARVALHO et al.,
2007). The vermiculite is added in mixtures with
the intention of further improvements in the substrate physical properties, providing a greater
aeration and water retention in less porous substrates (WENDLING & GATTO, 2002).Thus,
vermiculite addition may provide the development
of better quality lettuce seedlings.
The use of materials considered as
substrates conditioners were studied in several
crops, such as lettuce (MENEZES JR et al., 2000;
PETTER et al., 2012), tomato (RAMOS et al,
2008), peppers (ARAÚJO NETO et al., 2009),
papaya (MESQUITA et al., 2012), gypsophila
(BOSA et al., 2003) and Baccharis trimera
(CARVALHO et al., 2007).
Multivariate analysis refers to statistical
methods that simultaneously analyze multiple
variables, where initially all variables are considered equally important. Among multivariate
methods, there is the principal component analysis
(PCA), a method that enables to examine
correlations between variables, identify and
eliminate those that do little to the total variance.
However, PCA is not a method that allows variables or treatments grouping. In this context,
complementary methods to PCA are needed, such
as the discriminant function analysis (DFA), which
aims to separate two or more groups of individuals
based on the differences between individuals
Mahalanobis distance (MANLY, 2008).
There are few studies that consider the
interrelationships between variables by the use of
multivariate statistical methods for data analysis. In

The study was conducted in the city of
São José do Cedro/SC (26º28'36"south latitude,
53º30'37" west longitude and 717 m above sea
level elevation), in 2011 from September to October, in a protected environment. The region climate, according to Köppen (Cfa) and
Thornthwaite (B2rB'2a') classification, is predominantly mesothermal humid, with hot summers and
an average temperature of 17.6 °C.
The experiment was installed in a completely randomized design with four repetitions and
nine treatments, arranged in a factorial scheme
(3×3). The factors evaluated were: substrates (pine
bark, coconut fiber and peat) and vermiculite
addition proportions (0, 25 and 50% of the
substrate total volume). Mixtures happened in a 1:4
ratio to 25% and in 1:2 to 50% (volume/volume),
using a 500 cm3 capacity beaker as meter. After
divided, the vermiculite and substrates proportions
were manually homogenized in polyethylene trays,
for subsequent packing in tranches. Substrates and
vermiculite (which were purchased in the local market) physical and chemical characteristics are
shown in Table 1.
Two hundred cells polystyrene trays were
used, where each plot was composed of 40 cells,
with a useful area of 16 central cells. After
conditioning the mixtures in trays, the sowing of
the iceberg lettuce cv. Grand Rapids TBR
proceeded, with a depth of one inch and three
seeds per cell. It is emphasized that this cultivar
was selected for its use by regional producers.
The irrigation management was based
exclusively on the floating system. In this system,
the polystyrene trays were continuously
suspended on water, without addition of nutritive
solution. With daily monitoring, it was found that,
in the treatments with coconut fiber, there was no
seedling emergence due to the lack of water
absorption by the substrate. Then, five days after
sowing (DAS), irrigation was performed on all
treatments using a hand sprayer. At 12 DAS,
cells containing more than one emerged seedling
thinning proceeded, and only the biggest
seedling in each cell was maintained.
Seedling emergence was evaluated at
nine and 12 DAS (%), with emerged seedlings
considered the ones with one centimeter above
substrate. At 27 DAS root volume (RV, cm3 plant-1),
smaller true leaf height (STLH, cm), true leaves
number (TLN, dimensionless), roots (RFP e RDP, g
-1
-1
plant ) and shoot (SFP and SDP, g plant ) fresh
and dry phytomass from viable seedlings were
determined.
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Table 1 – Values referenced in the literature for physical and chemical characteristics of vegetable
substrates (pine bark, coconut fiber and peat) and of the conditioner (vermiculite) used in the production
of lettuce seedlings.
Substrate
Pine bark
Coconut fiber
Peat
Vermiculite

Pine bark
Coconut fiber
Peat
Vermiculite

Dd
(g cm-3)
0.24–0.36
0.05–0.07
0.24–0.27
0.10
pH (H2O)
1:1
4.7–6.5
4.4–6.4
3.8–5.8
6.7

TP
AS
AW
RW
OM
----------------------- (cm3 cm-3) --------------------------(g kg-1)
0.76
0.13
0.30
0.31
15.9
0.96
0.18–0.46
0.15–0.20
0.05
90.0
0.78
0.15–0.32
0.11–0.27
0.35
10.5–47.6
0.79
0.31
0.08
0.40
0.2
P
K
Ca
Mg
CEC
--------- (mg dm-3) -------------------- (cmolc dm-3) ----------76 – 317.4
690–800
14.8–19.2
6.7–7.9
30.3–71.2
77.19
2.8–38.0
1.81
1.13
5.11
14.4–75
108–176
25.9–33.7
4.7–6.2
48.7–83.5
2.2
80
1.23
6.2
50.9

Dd – dry density; TP – total porosity; AS – aeration space; AW – available water; RW – residual water; OM – organic matter;
pH – hydrogenionic potential; P, K, Ca e Mg – available phosphorus, potassium, calcium and magnesium, respectively; CEC –
cation exchange capacity. Adapted from SCHMITZ et al., (2002), CARRIJO et al., (2002), LOPES et al. (2007), RAMOS et al.
(2008), FERMINO & KÄMPF (2012), PETTER et al. (2012).

After seedlings trays removal, seedlings
were immersed in water to remove substrate
residues. This procedure was repeated until there
were no residues stuck to seedlings. Then, seedlings were placed on paper towel for water
excess draining. With the help of a stiletto, seedlings were divided on roots and shoot for further
independent evaluations. Embryonic leaves were
removed when necessary.
To determine RV, graduated cylinder
methodology was used. The procedure consisted
in placing roots in a graduated cylinder (25 mL, in
this study) containing a known water volume.
Through water volume difference before and after
roots addition in the tube, the direct response was
obtained through unit equivalence (1 mL = 1 cm3).
After determining the volume, roots were
again deposited on paper towel to remove water
excess, then weighed on an analytical balance to
obtain RFP and stored in paper envelopes, duly
labeled, to determine RDP.
Through shoot TLN was determined by
direct counting and, in sequence, STLH was
determined in a similar way to that conducted by
TRANI et al. (2007), utilizing a graduated scale.
After completing these assessments, the shoot
was weighed on an analytical balance to
determine SFP. Then, samples were stored in
paper envelopes, as well as it was made to roots,
to determine SDP. RDP and PASF were obtained
by drying in an oven at 65 ºC with air circulation for
a period of 18 hours, until constant weight was
obtained.
Emergency data were subjected to univariate analysis of variance. Residual normality
and homoscedasticity presuppositions were
checked using Shapiro-Wilk and Levene’s tests,
respectively. If presuppositions were not met,
data angular transformation [arc sin(√y/100)] and
F tests were used. When necessary, Tukey’s test

was used to compare means. All inferential procedures were performed considering a 5%
significance level.
The principal component analysis (PCA)
was performed based on the correlation matrix between RV, STLH, TLN, SFP, SDP, RFP and RDP
variables and standardized (mean zero and variance
one). To complement PCA, aiming a better treatment
differentiation, canonical discriminant function analysis (DFA) was applied, considering the nine treatments as grouping factor. The accumulated variance
proportion (≥ 80%) of the generated variables was
used as criteria for principal components and discriminant functions number selection. Statistical analyzes were processed using software R, version 3.0.2
(R CORE TEAM, 2013).
Results and discussions
Substrates provided a great influence in
the emergence of lettuce seedlings. The increase
in the vermiculite concentration of 25 to 50%
increased lettuce seedlings emergence for coconut fiber treatment, while the isolated use of this
substrate provided low emergence at nine DAS
(Figure 1A). However, even with vermiculite
addition, the performance of seedlings produced
in this substrate was lower than in the use of pine
bark and peat. The lower seedling emergence
with coconut fiber use can be explained by the
fact of having no occurred water absorption in
these treatments, probably due to increased
lignin content of this fiber (CARRIJO et al., 2002).
SANTOS et al. (2007) reported that soybean
seed varieties with higher lignin content showed
a lower water absorption speed. Therefore, as
sufficient water availability for seeds soaking was
not provided, the germination process was not
unleashed, subsequently preventing seedling
emergence (TAIZ & ZEIGER, 2013).
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At 12 DAS in the coconut fiber treatment,
the maximum seedling emergence occurred with
the addition of 50% vermiculite. However, it
showed no significant difference in relation to
25% addition (Figure 1B). These results are
probably due to the high water absorption and
retention capacity that the vermiculite possesses
(SCHMITZ et al., 2002). Similar results were
obtained by SILVEIRA et al. (2002), who found
that in tomato seedling production the isolated
coconut fiber all owed a lower germination in
relation to the one mixed with conditioners.

ISSN: 1984-5529
TRANI et al. (2007) point out that substrates
particle size distribution influence on its physical
and hydraulic properties, such as water retention,
which probably occurred in this work, thus
explaining the lower seedling emergence.
The first two principal components (PC)
generated explained 84.70% of the total variation
(Figure 2). However, most of the variance is
deposited on the PC1 (73.20 %), represented by the
set of all variables, except SDP (Table 2). Thus, the
PC2 had a small accumulation of variance (11.50%)
and is represented exclusively by SDP, as it had the
lowest correlations with other variables.
RV, the variable that presented the highest eigenvector (Table 2) and best correlated with
the first principal component, was positively
correlated with TLN and STLH (Figure 2), indicating that a good root system development
affects the seedling shoot. Marques et al. (2003)
found a similar behavior evaluating root length
and the number of lettuce leaves at 26 DAS,
using a single substrate (mixture of manure,
expanded vermiculite and pine bark), but with
different recipient volumes for seedlings production. BELLÉ & KÄMPF (1993) also attributed to
the root system (volume, length and surface) the
main biometric alterations in yellow passion fruit
seedlings, in response to the addition of another
conditioner (carbonized rice husk), regardless of
peat added volume (33, 50 and 66%).
Table2 – Eigenvectors, eigenvalues and
percentage of variance explained for the first two
principal components (PC1 and PC2) biometric
variables lettuce seedlings combinations of
vegetable substrates and additions of vermiculite.

Figure 1 – Emergency (%) of lettuce seedlings at
nine (A) and twelve (B) days after sowing, on
different substrates, in response to additions of
vermiculite. Means processed [arc sin (√ y/100)]
by the same capital letter for the percentage of
vermiculite, followed by the same small letter
between the substrates do not differ significantly
by Tukey’s test (p ≤ 0.05).
Peat and pine bark treatments showed
similar results among them, both when used
alone and in mixture with vermiculite. The only
statistically significant difference between peat
and pine bark was observed in the addition of
25% vermiculite at nine DAS (Figure 1A), where
peat use gave a higher emergence percentage.
The likely explanation for this finding is due to
differences in the pine bark granulometry, despite
being the same source material and trademark
(although from different lots). This highlights the
need for norms standardization in commercial
substrates production for plant propagation.
In literature, there are studies reporting
the granulometric differentiation of substrates
from different brands and source materials
(SCHMITZ et al., 2002; TRANI et al., 2007).

Variable

PC1

PC2

SFP

0.93

-0.26

SDP

0.60

0.76

RFP

0.85

-0.28

RDP

0.93

-0.23

TLN

0.84

0.08

STLH

0.85

0.12

RV

0.94

0.10

Eigenvalues

2.26

0.90

Variance (%)

73.20

11.50

SFP – Shoot fresh phytomass; SDP – Shoot dry
phytomass; RFP – Root fresh phytomass; RDP – Root
dry phytomass; TLN – True leaves number;
STLH – Smaller true leaf height; RV – Roots volume.

Looking at Figure 2 it can be seen that
two samples showed an intermediate behavior,
i.e., a seedling exclusively produced in pine bark
may be both from the first or from the second
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region, and the other discordant seedling,
produced in peat without vermiculite addition,
may be from the second or third region. Also, it
was observed that another individual produced
exclusively by peat showed a greater RV, TLN,

STLH, RFP, RDP and SFP in relation to other
individuals of the third region, so it was not
initially entered in this group.

PC 2 (11.50 %)

5

2,5
SDP
STLH
TLN
RV
RFP
RDF
SFP

0

-2,5
-5

-2,5

0

2,5

5

PC1 (73.20 %)
P0
2,8701

P25
3,0422

P50
3,0719

Cf0
-3,4544

Cf2
-1,0487

Cf5
-1,4374

Pb0
-0,1288

Pb25
-1,0161

Pb5
-2,2283

Figure 2 – Biplot for the first two principal components (PC1 and PC2) of biometric variables lettuce
seedlings in combinations of substrates and horticultural vermiculite additions. Pb0, Pb25 and Pb50 –
pine bark with 0, 25 e 50% vermiculite, respectively; Cf0, Cf25 and Cf50 – coconut fiber with 0, 25 and
50% vermiculite, respectively; P0, P25 and P50 – peat with 0, 25 and 50% vermiculite, respectively.
However, as it is not PCA objective to
form groups, a DFA was performed on the first
two principal components, aiming to group similar
individuals. The first discriminant function (DF)
explained almost all of the variance (97.86 %),
being then DF2 was conveniently used, only for a
better view of the results (Figure 3). As in the
PC1, the RV was the variable that best represented the DF1, followed by RDP and SDP
(Table 3), confirming that an adequate seedling
root development generates best seedlings.
After finishing the analysis, only two
groups were discriminated (Figure 3): G1) the
group formed by seedlings with pine bark and
coconut fiber in all vermiculite concentrations and
with only one exclusively produced with peat; and
G2) composed of seedlings produced with peat in
all conditioner concentrations.
Table 3 – Linear discriminant coefficients for the
first two discriminant functions (DF) of biometric
variables lettuce seedlings in combinations of
vegetable substrates and additions vermiculite.
Variable
SFP
SDP
RFP
RDP
TLN
STLH
RV

DF1
0.58
0.79
-0.18
0.34
0.25
0.25
-10.24

The seedlings produced under exclusive
use of coconut fiber were those that most differed
(Figure 3), indicating that this group presented
lower RV, TLN, STLH, RFP RDP and SFP. RICKLI
et al. (2012) found an increased Pogostemon clabin
rooting with vermiculite addition on coconut fiber,
giving similar results to those of individual pine bark
use when mixed with the conditioner.
The quality increase in coconut fiber produced seedlings caused by vermiculite addition,
especially on 50%, may be because seedlings
have emerged beforehand (Figure 1A) compared
to the exclusive use of the substrate, resulting in
higher RV, TLN , STLH, RFP, RDP and SFP due
to higher growth period (MENEZES JÚNIOR et
al., 2000; RAMOS et al., 2008).
The results for the treatments with pine
bark contrasted those obtained by TRANI et al.
(2007). In the present study, treatments with pine
bark promoted adequate seedling emergence, but
the subsequent seedlings development was
unsatisfactory. The probable explanation for the
lower development was pine bark based
substrates physical characteristics (BOSA et al.,
2003). As the particles presented an increased
size, its arrangement sets a porous space composed of large pores (MENEZES JÚNIOR et al.,
2000). Moreover, in the system used in seedling
production (floating), which is usually employed by
regional producers, the substrate usually tends to
be saturated in most of the cultivation, thus
presenting aeration deficiency.

DF2
-1.89
-0.24
-0.01
2.30
0.78
-0.44
-6.66

SFP – Shoot fresh phytomass; SDP – Shoot dry phytomass;
RFP – Root fresh phytomass; RDP – Root dry phytomass;
TLN – True leaves number; STLH – Smaller true leaf height;
RV – Roots volume.
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DF2 (1.83 %)

5,0
G2

G1

2,5

0,0

-2,5

-5,0

-2,5
4,0P0

P25
3,7

0,0
DF1 (97.86 %)
Cf0
P50
Cf2
3,7
-3,0
-0,8

2,5
Cf5
-0,1

Pb0
-1,7

5,0
Pb2
-1,5

Pb5
-0,7

Figure 3 – Biplot for the first two discriminant functions (DF1 and DF2) of biometric variables lettuce
seedlings in combinations of substrates and horticultural vermiculite additions. G1 – group 1;
G2 – group 2. Pb0, Pb25 and Pb50– pine bark with 0, 25 e 50% vermiculite, respectively; Cf0, Cf25
and Cf50 – coconut fiber with 0, 25 and 50% vermiculite, respectively; P0, P25 and P50– peat with 0,
25 and 50% vermiculite, respectively).
The aeration deficiency effects on substrate were mainly reflected in RV, corroborating
with findings by BOSA et al. (2003) for different
substrates. In an anoxic (completely lacking of
oxygen) or hypoxic (partially oxygen-deficient)
environment, electron transport and oxidative
phosphorylation in mitochondria does not occur,
thus Krebs cycle cannot operate and adenosine
triphosphate molecules (ATP) begin to be produced by pyruvate fermentation, which shows a
low liquid yield compared to aerobic respiration.
Thus, as ATP is required in a number of physiological processes, roots damage (which will be
reflected in the shoot) are originated by the lack
of ATP. It is highlighted that, in saturation conditions, stomatal closure occurs, thereby decreasing water and nutrients absorption, which
reduces the accumulation of organic compounds
on tissues (TAIZ & ZEIGER, 2013). Therefore,
the lack of ATP and the possible lower nutrients
absorption are the factors that best explain SDP
reduction for the treatments with pine bark.
These results indicate that, for this substrate
type, floating irrigation is not indicated.
The second group discriminated by DFA,
represented by the lettuce seedlings produced
with peat in all vermiculite concentrations, was
the one that presented variables highest values
(Figure 3). Higher homogeneity between
seedlings grown with peat in 25 to 50% additions
compared to the exclusive peat use was
obtained.
Explanations for the increase of lettuce
seedlings quality provided by peat use in the present study may be related with the increased
nutrients availability that this material contains
(Table 1), thus favoring seedling growth and
development (MENEZES JÚNIOR et al., 2000;

SCHMITZ et al., 2002). An improvement in the
substrate physical-chemical properties may also
have occurred due to density reduction and
increased aeration space and organic matter
content (BELLÉ & KÄMPF, 1993).
With the use of multivariate methods
(PCA and DFA) it was possible to analyze the
combined behavior of the variables evaluated on
the final result of produced seedlings, unlike what
happens in univariate statistical analyzes. SILVA
et al. (2012), evaluating the effect of copper
doses on the growth and quality of Ateleia
glazioviana and Lafoensia pacari seedlings,
observed that PCA proved to be the most sensitive method to determine copper doses influence
on the growth parameters of A. glazioviana seedlings under conventional analysis (univariate).
DIAS et al., (2007) concluded that the multivariate analysis results in dependent variables better
combined information utilization. CASTRO et al.
(2013) concluded that multivariate statistic is efficient in assessing wood quality for charcoal production. Thus, the results obtained in this work,
together with literature discussions, indicate that
multivariate data analysis can provide more clear
and precise conclusions for qualitative studies on
the production of lettuce seedlings.
Conclusions
Lettuce seedlings quality is not affected
by the addition of vermiculite in substrates composed of pine bark, coconut fiber and peat.
The use of multivariate statistics proved
to be adequate for qualitative assessments in the
production of lettuce seedlings in response to
vermiculite addition in horticultural substrates.
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