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ABSTRACT
The relationship between nutrients and plant growth requires in-depth studies and the application
of statistical analysis capable of explaining these interactions. An experiment was prepared with N,
P2O5 and K2O doses. Effects on the correlations between growth and nutrients in Tectona grandis
seedlings were based on the canonical correlation analysis. Seedlings were submitted to doses of
N = 0, 2.5, 5.0, 7.5 kg m–3 with urea, P2O5 = 0, 3.0, 6.0, 12.0 kg m–3 with common superphosphate,
and K2O = 0, 3.0, 6.0, 12.0 kg m–3 with potassium chloride, in a completely randomized design.
Canonical correlations showed that biomass was the most salient morphological characteristic
in relation to the growth of T. grandis seedlings. Height and diameter were also underscored by
interactions between macro- and micronutrients in the substrate, after fertilization. Results show
that N, Mn and Cu were the most important nutrients for the increment of these characteristics.

Keywords: Tectona grandis, multivariate analysis, fertilization, seedling production.

Análise de Correlação Canônica entre Crescimento e Nutrição em Mudas de Teca
RESUMO
Determinar a relação existente entre os nutrientes e o crescimento das plantas implica em estudos
e a aplicação de análise estatística capaz de explicar essas interações. Diante disso, estabeleceu-se
experimento com doses de N, P2O5 e K2O e seus efeitos nas correlações entre crescimento e os
nutrientes em mudas de Tectona grandis, a partir da correlação canônica. As mudas foram submetidas
às doses de N = 0, 2,5, 5,0 e 7,5 kg m–3 com ureia, P2O5 = 0, 3,0, 6,0 e 12,0 kg m–3 com superfosfato
simples e K2O = 0, 3,0, 6,0 e 12,0 kg m–3 com cloreto de potássio, em delineamento inteiramente
casualizado. As correlações canônicas demonstraram que a biomassa foi a característica morfológica
que mais se destacou em relação ao crescimento das mudas de T. grandis. Essa característica,
assim como altura e diâmetro, foi favorecida pelas interações entre os macro e micronutrientes,
que ocorreram no substrato após a adubação. N, Mn e Cu foram os nutrientes mais importantes
para o incremento dessas características.

Palavras-chave: Tectona grandis, análise multivariada, adubação, produção de mudas.
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1. INTRODUCTION
Teak (Tectona grandis L. f.) is a species of the
Verbenaceae family, native to the Indian subcontinent and
southeastern Asia. It is one of the most cultivated trees
in Brazil during the last decades, with 87,499 hectares in
2014 (IBÁ, 2016). Its wood is highly appreciated for its
excellent quality (Bonduelle et al., 2015) and has been
largely employed in boat building, fine furniture, frames,
panels, veneers and carvings (Coimbra et al., 2014).
Favare et al. (2012) reported that, after the application
of lime, its nutritional features follow the sequence:
N > Ca > K > Mg > P > S > Fe > Mn > B > Zn > Cu.
However, few research works have been undertaken
to study the species’ growth and nutrition status in
greenhouses after fertilization with N, P and K.
N, P and K are commonly used for soil fertilization
in the production of seedlings in greenhouses (Dias et al.,
2015; Menegatti et al., 2017). For the composition of
the fertilizers, sources may contain small quantities of
micronutrients along with macronutrients. Depending
on the amount already in the soil, it may or may not
be sufficient to maintain the growth of the seedlings
till the planting phase.
Greenhouses use mineral fertilizers to enhance growth
in plants, especially when substrates do not have the
required nutrient concentration, as in native soil used
as a substrate. Fertilization should have the required
amounts of nutrients for growth (Gonçalves et al.,
2014; Cardoso et al., 2016) and should not enhance
negative interactions in the soil. Otherwise, plants
growth would be curbed. The plants’ morphological
characteristics and the manner nutrients affect them
should be investigated.
Canonical co-relationship has thus been employed.
According to Hair et al. (2009), canonical co-relationship
investigates simultaneously multiple dependent variables as
from multiple independent ones. It comprises co-relationships
between canonical variables, or rather, between linear

combinations of variables, so that the correlation among
these combinations is highest. Consequently, no other
linear combination of variables will be higher than this
combination (Trugilho et al., 2003). Co-relationships
will be an asset in analyzing the manner morphological
characteristics are affected by nutrients and, consequently,
how they affect seedlings growth.
Since it is important to establish the manner nutrients
influence the seedlings’ morphological characteristics and
their growth, an experiment with N, P2O5 and K2O doses
was performed to evaluate their effects on the correlation
between nutrients and the growth of T. grandis seedlings,
by canonical co-relationship.

2. MATERIAL AND METHODS
The experiment was performed in a greenhouse
built of shade-screen on the sides and covered with
asbestos tiles, without any temperature control, at the
Faculty of Agronomy, Veterinary Medicine and Animal
Science of the Universidade Federal de Mato Grosso,
Brazil. The greenhouse was chosen for protection
during the experiment and for greater data reliability.
Seedlings were produced by seeds. Dormancy was
broken in flowing water, during 24 hours. Seeds were sown
in small 54 cm3 tubes filled with commercial substrate
(80%) and vermiculite (20%). First germinations were
detected ten days after seeding, followed by thinning.
Seedlings reached a height of 15 cm after 20 days and
were ready for transplanting.
Soil was classified as dystrophic red latosol, with
sandy texture, retrieved from the native savannah area
in the Instituto Federal de Mato Grosso, campus São
Vicente da Serra. Soil sample was dried in the open,
sieved by a 2 mm net and analyzed for its chemical
properties, following method by Embrapa (1997),
given in Table 1.
Table 1 shows that soil saturation was base increased
to 50%, with 1.53 t ha–1 lime, PRNT 100%, with 30%

Table 1. Chemical analysis of soil.
pH
CaCl2
4.39

K
P
–3
mg dm
13.56

13.90

H+Al

Al

Ca

4.22

1.03

1.0

Mg
SB
–3
cmolc dm
0.50

1.53

T

T

V

5.75

2.56

26.5

%

m

MO
g kg–1

40.2

22

pH in CaCl2 – ratio 1:2.5; H+Al – in calcium acetate; Al, Ca and Mg – in KCl 1N; P and K – in Mehlich; SB – sum of bases; T – capacity
for ion exchange at pH 7.0; t – true CTC; V% – saturation by bases in %; m% – saturation by Al in %; MO – Organic Matter, burnt in oven.
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CaO and 21% MgO, with 15 days for incubation.
Limed soil was employed to fill 50 cm (height) × 40 cm
(circumference) plastic bags, with a volume of 62,800 cm3.
Seedlings were transplanted to the bags and remained
there throughout the experiment.
After transplant, N, P2O5 and K2O doses were
applied and used as treatments: 0; 2.5; 5.0; 7.5 kg m–3 N,
with urea; 0; 3.0; 6.0; 12.0 kg m–3 P2O5, with common
superphosphate; 0.0; 3.0; 6.0; 12.0 kg m–3 K2O, with
potassium chloride. No other micronutrients were
added. Doses were applied once, directly in the soil,
at the seedlings’ base, at a depth of approximately
2 cm. Design was totally randomized with factorial
scheme 4 × 4 × 4 and 12 replications.
Fertilizer sources were the same as those used for
T. grandis, and doses were those employed in research
work on the same theme. After 15 days of transplant
and fertilization of substrate, the growth process was
monitored.
Height and diameter were evaluated on the 60th day.
Height was measured by a ruler from the soil surface
to the apical bud, whilst collar diameter was measured
by digital caliper. Seedlings were divided into leaves,
stalk and root to measure biomass features. Roots
were washed in flowing water; all vegetal material
was dried in an air buffer at 65 °C till constant weight.
They were weighed on a semi-analytic scale, at 0.05 g
precision. Leaf dry matter was ground and underwent
macro- and micronutrient analysis following method
by Malavolta et al. (1997).

2.1. Canonical Correlation Analysis – CCA
CCA was based on original data of each morphological
characteristic to verify the associations between growth
and macronutrients, between growth and micronutrients,
and between macro- and micronutrients. The five
morphological characteristics were represented by
dependent variables (X), whilst the six macronutrients
were represented by independent variables (Y), with three
canonical functions. The same occurred for correlations
between morphology (X) and micronutrients (Y) and
for macronutrients (X) and micronutrients (Y).
Correlations between original variables and their
canonical variables and crossed canonical loads were
determined to represent the correlation between the
group’s original variable and the canonical statistical
variable of the other. First step comprised multi-collinearity
between the variables. Variance inflation factor (VIFj)
was calculated by Equation 1:
VIF j =

1

(1)

1 − R 2j

where R 2j is the coefficient of determination of x j in the
variables. VIF j > 10 is a crucial value in the calculation
of regression coefficients. Variables with such rates
should be analyzed and removed (Draper & Smith,
1998; Kutner et al., 2004).
Table 2 shows that data do not have multi-collinearity,
since all variables feature VIF j < 10 . Likelihood ratio test,
whose statistics is called Wilks’ Lambda (L), was employed
to verify canonical correlation significance for canonical

Table 2. Inflation variance factor by variable.
Growth and macronutrient correlation
Diameter
Bio leaf
Bio stalk

Variable

Height

Bio root

--

VIF

1.6315

1.6444

1.4114

2.5382

1.6672

--

VIF

1.4019

1.2217

1.2037

1.1774

1.2548

1.1579

Variable

Height

Bio root

--

VIF

1.6512

1.6353

1.4063

2.5609

1.6949

B

--

VIF

1.0987

1.0452

1.2939

1.2922

1.0643

--

Variable

Variable

N

Cu

P

K

Ca

Growth and micronutrient correlation
Diameter
Bio leaf
Bio stalk
Fe

Mn

Zn

Macronutrients and micronutrients correlation
P
K
Ca

Mg

S

--

Variable

N

Mg

S

VIF

1.3892

1.2641

1.3298

1.1797

1.3344

1.1497

VIF

1.0905

1.0563

1.3061

1.4319

1.0891

--

Variable

Cu

Fe

Mn

Zn

B

--
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pairs. Test was undertaken with SAS CONCORR procedure,
with equations by Khattree & Naik (2000).

If X 1 and Y1 are the first combinations of the group of
variables I and II respectively, then de Equations 2 and 3:

The amount of variance, or rather, variance percentage
in the dependent canonical statistical variable that may
be explained by the independent canonical statistical
variable and vice-versa, was calculated by squaring
canonical correlation (canonical R2). The amount of
shared variance between the dependent and independent
variables observed and their respective canonical
statistical variables was determined by squaring the
canonical loads, following Protásio et al. (2012).

=
X 1 a1 x1 + a2 x2 + …+ a p x p

CCA may be the generalization of a multiple linear
regression for more than one dependent variable, even
though it does not differentiate dependent variables
from independent ones by simply analyzing two
variable groups. CCA summarizes data in the two sets
of variables in two linear combinations that maximize
the correlation between the two groups called statistical
canonical variables (Mingoti, 2005). Therefore, canonical
correlations are the correlation coefficients between
the two statistical canonical variables.
Let
=
Y ’  y1 , y2 ,…, yq  be
=
X ’  x1 , x2 ,…, x p  and
the vectors of the characteristics of the two groups of
variables, I and II, respectively. Coefficient estimates
of linear combinations of the two groups to estimate
maximum correlation between the combinations.

(2)

and
=
Y1 b1 y1 + b2 y2 + …+ bq yq

(3)

where
=
a’  a1 , a2 ,…, a p  is the vector 1×p of weights
=
of the characteristics of group I and
b ’ b1 , b2 ,…, bq 
is the vector 1×q of weights of the characteristics
of group II (Johnson & Wichern, 2007). In current
study, CCAs were performed with statistical
program R Development Core Team (2014).

3. RESULTS AND DISCUSSION
3.1. Growth and macronutrients
Table 3 gives canonical correlations for growth
and macronutrients for the three most important
correlations. However, the first two already account
for 82.6% of data variation. They may explain seedling
growth of T. grandis with regard to macronutrients
available in the substrate after N, P and K fertilization.
Since the greater the canonical load, the more
important is the variable for the characteristic to be
accounted for (Hair et al., 2005), the stalk biomass was
the most important morphological characteristic, as

Table 3. Canonical correlations, canonical R2 and percentage to account for correlation between growth and
macronutrient, growth and micronutrients, macronutrients and micronutrients.
Canonical
function

Canonical
correlation

1
2
3

0.4192
0.2591
0.1013

Canonical
function

Canonical
correlation

1
2
3

0.3606
0.3099
0.2040

Canonical
function

Canonical
correlation

1
2
3

0.4822
0.3452
0.2348

Growth and macronutrients
Accumulated
R
Percentage
percentage
2

0.2132
0.0720
0.0493

61.78
20.86
14.28

61.78
82.64
96.92

Growth and micronutrients
Accumulated
R2
Percentage
percentage

0.1494
0.1062
0.0434

48.53
34.49
14.10

48.53
83.02
97.12

Macronutrients and micronutrients
Accumulated
R2
Percentage
percentage

0.3029
0.1353
0.0584

58.41
26.09
11.25

58.41
84.50
95.75

Wilks’

p-value

0.7251
0.8797
0.9430

0.0011
0.2552
0.5414

Wilks’

p-value

0.7471
0.8587
0.9499

0.0006
0.0295
0.3903

Wilks’

p-value

0.6249
0.8142
0.9244

0.0000
0.0088
0.2673
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canonical function 1 demonstrates (Table 4). It was
actually the most relevant characteristic in the growth of
T. grandis seedlings. According to canonical correlation I,
the other variables ranking next were root biomass,
leaf biomass, height and diameter.
Leaf, stalk and root biomass were the most relevant
morphological characteristics during the growth of
T. grandis seedling, as canonical function I demonstrates.
In fact, growth occurred adequately since height and
diameter increase followed biomass growth. This boils
down to the fact that the substrate made available the
amount of nutrients required by the species. It also
provided physical conditions for the development of
the plant’s root system.
Stalk biomass increase was important to bear the
plant size and, simultaneously, enhanced the diameter
growth of the seedlings. In fact, root biomass was
relevant for the plant’s total development: its nutrition
improved when it absorbed the nutrients, especially
those (P and K) with low mobility in the soil, enhanced
by fertilization.
N was the most underscored macronutrient.
Other variables were S, P, K, Mg and Ca, in order of
importance. The relevance of N for the growth of T. grandis
seedlings has been reported by Favare et al. (2012)
and Trazzi et al. (2014). According to Gonçalves et al.
(2012), as a general rule, plants need large amounts of
N, especially during the development phase. The above
further foregrounds the seedlings total growth since
N is related to this specific characteristic of the plant.

Barroso et al. (2005) reported that, when N was
lacking in T. grandis seedlings, a severe growth decrease,
general chlorosis, non-emission of new roots and
rotting of secondary roots occurred. According to
these authors, the lack of macronutrients jeopardized
the initial development of species seedlings. However,
the absence of N and Ca caused immediate and more
intense damages.
Root biomass, followed by height, leaf biomass,
diameter and biomass of the stalk are underscored
by canonical function II (Table 4) of the correlation
between growth and macronutrients. The above was
highly relevant for the growth of T. grandis seedlings and
the production of stalk and leaf biomass, underscored
in function I.
Height and leaf biomass directly correlated with
all macronutrients. According to Lange et al. (2014),
height is a good index of seedling quality, even though
the tallest seedling is the best. A greater height which is
not coupled to the collar’s diameter growth frequently
denotes blanching and the need for proportional growth.
The production of the seedlings biomass should also
be investigated, reinforcing the fact that the growth of
T. grandis seedlings has occurred adequately.
Root biomass is related to P, the most important
variable for macronutrients, according to canonical
function II. The other underscored variables were K,
Ca, N, S and Mg. Carnevali et al. (2016) reported that P
was the main nutrient to trigger biomass accumulation
in seedlings of Stryphnodendron polyphyllum. The above

Table 4. Canonical loads and cross canonical loads for canonical functions I and II in the growth and macronutrient
correlation.
Variables

Canonical function I
Canonical function II
Cross canonical
Cross canonical
Canonical loads
Canonical loads
loads
loads
Morphological characteristics

Height
Diameter
Leaf biomass
Stalk biomass
Root biomass

0.5562
0.1015
0.6398
0.8285
0.6945

N
P
K
Ca
Mg
S

-0.8959
0.3377
-0.3154
0.0023
0.3152
0.4774

0.2331
0.0425
0.2682
0.3473
0.2911

-0.3993
0.2263
-0.2573
0.1821
0.6141

-0.1035
0.0586
-0.0667
0.0472
0.1591

-0.3755
0.1416
-0.1322
0.0009
0.1321
0.2001

-0.3307
-0.7728
-0.5304
-0.3493
-0.1745
-0.1836

-0.0857
-0.2003
-0.1374
-0.0905
-0.0452
-0.0476

Macronutrients
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denotes its importance in the initial growth stages,
attributed to its functions in plants. Barroso et al. (2005)
insisted that T. grandis seedlings without P triggered
wrinkling at the edges of older leaves and mild chlorosis.
Growth impairment and deficiency symptoms in
substrates with low P rates are due to the fact that P
is related to photosynthesis processes, respiration, cell
division and growth (Malavolta et al., 1997). Further,
it enhances the growth of the root system since the
roots of young plants absorb phosphates faster than
the roots of older plants (Gomes & Paiva, 2006),
affecting the plant’s growth and the absorption of the
other nutrients (Stahl et al., 2013).
Redundancy index reached 8.27% when dependent
variables were morphological characteristics, accounted
for by independent canonical variables (macronutrients).
Dependent variable reached 5.93% of variance of
independent variables (Figure 1). Protásio et al. (2012)
also reported low variances and attributed results to low
canonical loads among other correlated characteristics.

Canonical functions I and II account for 83% of data
variation. Underscored morphological characteristic in
canonical function I (Table 5) was root biomass, followed
by stalk biomass, very similar to growth-macronutrient
correlations. Other characteristics related to seedling
growth, in order of relevance, were diameter, height
and leaf biomass, corroborating the importance of
biomass production for height and diameter increase.
Among the micronutrients, canonical function
I underscored Mn, followed by B, Zn, Cu and Fe.
Mn was the most important micronutrient for biomass
increase of T. grandis seedlings. Favare et al. (2012) and
Trazzi et al. (2014) also rated Mn as one of the most
important micronutrients for growth of the species,
making necessary its adequate concentrations.

3.2. Growth and micronutrients
Table 3 shows the main canonical functions that
account for growth-micronutrients correlations.
Analyses were performed since macronutrient sources
may also contain amounts of micronutrients, as in the
case of common superphosphate used in current assay
to make P available. Added micronutrients plus those
in the soil may trigger seedling growth, interactions
with macronutrients or even with other micronutrients,
enhancing or not the plant’s growth.

Figure 1. Standardized scores of canonical functions 1
and 2 in the growth-macronutrient correlation.

Table 5. Canonical loads and canonical cross loads for canonical functions I and II in the correlation between
growth and micronutrients.
Cross canonical
Canonical loads
load
Morphological characteristics

Variables

Canonical loads

Height
Diameter
Leaf biomass
Stalk biomass
Root biomass

-0.5601
-0.6669
-0.4801
-0.7192
-0.8189

Cu
Fe
Mn
Zn
B

0.3895
0.1384
0.6592
0.5435
0.5694

Cross canonical
load

-0.2020
-0.2405
-0.1731
-0.2593
-0.2953

0.7300
0.0025
0.1743
0.3857
-0.1202

0.2262
0.0008
0.0541
0.1195
-0.0372

0.1404
0.0499
0.2377
0.1960
0.2037

-0.7182
0.3115
0.2784
0.6422
-0.1947

-0.2225
0.0965
0.0863
0.1990
-0.0603

Micronutrients
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In canonical function II, height was the most relevant
morphological characteristic and demonstrated that
micronutrients, mainly Fe, Mn and Zn, are directly
related to this characteristic. Results were corroborated
by Favare et al. (2012) and Trazzi et al. (2014).
Cu was the most important micronutrient in
canonical function II since its availability was
enhanced by fertilization. In this case, Cu and B
were directly related to root biomass, whilst Fe,
Mn and Zn were related to height, diameter, leaf
and stalk biomass.
Although Favare et al. (2012) and Trazzi et al. (2014)
pinpointed Cu as one of the less absorbed micronutrients
by T. grandis seedlings, in current assay, Cu rates may
have been increased by fertilization. In fact, there is a
great relationship between N and Cu, enhancing plant
growth (Malavolta, 1980).

canonical function I and was directly correlated with
Fe, Mn and Zn, as Table 6 shows.
K is one of the nutrients most related to the
growth of T. grandis seedlings. According to Valeri
& Corradini (2000), potassium enhances thickening
of the seedlings collar during the production phase,
even reported in the assay. It is also an asset for height
increase due to its functions on the plant’s osmotic
regulation (Malavolta et al., 1997).
Greatest canonical load in the case of micronutrients
was reported for Zn, correlated to N, P, K, Ca, Mg and
S. In fact, its rate was enhanced by all macronutrients.
Souza et al. (2012) registered that the response

In the case of relationship between morphology and
micronutrients, redundancy index reached 7.67% for
dependent variables, accounting for 6.09% of variance
of independent variables (Figure 2).

3.3. Macronutrients and micronutrients
Macro- and micronutrients are correlated to enhance
the growth of T. grandis seedlings. Table 3 gives the
two main canonical functions for such correlation,
accounting for 84.5% of data variation.
After the interaction between macro- and
micronutrients in the substrate, K was salient in

Figure 2. Standardized scores of canonical functions 1
and 2 in the growth-micronutrients correlation.

Table 6. Canonical loads and canonical cross loads for canonical functions I and II in the macronutrients and
micronutrients correlation.
Variables

Canonical load

N
P
K
Ca
Mg
S

0.2138
0.5762
0.8097
0.0495
0.2798
0.1694

Cu
Fe
Mn
Zn
B

-0.3530
0.0195
0.5633
0.8911
-0.1636

Cross canonical
load
Macronutrients

Canonical load

Cross canonical
load

0.1031
0.2778
0.3904
0.0239
0.1349
0.0817

-0.9164
0.1984
-0.2301
-0.2962
0.3835
0.1861

-0.3164
0.0685
-0.0794
-0.1023
0.1324
0.0642

-0.1702
0.0094
0.2716
0.4297
-0.0789

-0.3500
0.5428
-0.5605
-0.1546
-0.6478

-0.1208
0.1874
-0.1935
-0.0534
-0.2237

Micronutrients
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capacity of Zn by Peltophorum dubium was directly
affected by the interaction of the other nutrients,
mainly in relation to N and P. Mn was another
underscored micronutrient which also positively
correlated with all the other macronutrients. The
above accounts for its relationship with the growth
of T. grandis seedlings.
In canonical function II (Table 6), N was the most
relevant macronutrient for the nutrients’ interaction and
availability, with direct relationship with Cu, Mn, Zn and
B in the plants. The above corroborates its importance
in the production of biomass in T. grandis seedlings.
Consequently, B was the most salient micronutrient
with the greatest canonical load, correlating with
N, K and Ca.
In current assay, interactions with B may have
been enhanced by the fertilizers. Growth conditions of
T. grandis seedlings improved due to their need for B.
Locatelli et al. (2006) proved that, when B is absent in
the nutrition solution applied to T. grandis seedlings,
the later had their development jeopardized, with dead
leaf tips, necrosis in new leaves, starting from the tips,
and more pronounced nerves. According to Inocêncio
& Carvalho (2013), B’s main function is cell division,
more intense in the aerial segment. Further, B may be
correlated with Ca in the formation of the cell wall to
maintain plant rigidity.
Redundancy index in correlation between macro- and
micronutrients reached 7.73% for dependent variables,
accounting for 9.94% of independent variables (Figure 3).

4. CONCLUSIONS
Biomass was the morphological characteristic that
most contributed towards the growth of T. grandis
seedlings produced in fertilized substrate with N, P and
K doses. Height and diameter were the characteristics
conditioned by biomass production.
N was the most relevant macronutrient for the
growth of T. grandis seedlings and enhanced interactions
with the others. It may have also contributed towards
biomass and thus in the seedling growth as a whole.
Mn and Cu were the most important micronutrients
in the growth of T. grandis seedlings and enhanced by
interactions with macronutrients.
K positively interacted with Fe, Mn, Zn and Mn;
Zn positively interacted with all the macronutrients,
whilst B interacted with N, K and Ca.
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