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The present study aimed to characterize different forms of vigor expression and its recovery in mature trees
of Lagerstroemia indica L. planted in public spaces of Irati, Brazil. After measuring the vegetative vigor
(shoot growth, internode length, leaf area and leaf color), physiological vigor (chlorophyll a and b content)
and flowering vigor (inflorescence width and length) in the growing season of 2016, we applied lime and
fertilizers in different treatments in the portion of soil under the dripline of each tree. These treatments
consisted of an increase of 100% nitrogen, phosphorus and potassium contents measured in the soil, based
on previous soil analysis. In order to evaluate the effect of fertilization, in the growing season of 2017 we
remeasured the vigor of trees. We observed that treatments with potassium and phosphate fertilization
provided the highest mean values for shoot growth, the mean distance of internodes, leaf area, inflorescence
width and length. The variables dark green color index and content of chlorophyll a and b were not influenced
by fertilizer treatments. Our findings show that fertilizers increased the expression of all variables related to
vegetative vigor of L. indica in the urban environment, except for the dark green color index. This suggests
.that nutrient availability is generally a limiting factor for the urban tree’s growth. The shoot length can be
used to characterize the vegetative vigor, and the inflorescence length in the evaluation of the flowering vigor.
Keywords: Arboriculture, Tree Growth, urban tree.

O presente estudo teve por objetivo caracterizar as diferentes formas de expressdo do vigor e a recuperagao
dele em arvores adultas de Lagerstroemia indica L. plantadas em areas publicas de Irati, Brasil. Apos
mensurar 0 vigor vegetativo (comprimento do ramo, distancia internds, area foliar e cor das folhas), o vigor
fisioldgico (conteddos de clorofilas a e b) e o vigor de floragdo (comprimento e largura das inflorescéncias)
na estacdo de crescimento de 2016, foi aplicado calcério e fertilizantes em diferentes tratamentos na porcéo
do solo sobre a projecdo de copa de cada arvore. Estes tratamentos consistiram na elevacdo, em 100%, do
conteldo de nitrogénio, fésforo e potassio existentes no solo, de acordo com a analise prévia. Para avaliar os
efeitos dos fertilizantes, na estacdo de crescimento de 2017 as arvores foram remedidas. Observou-se que 0s
tratamentos com fertilizacdo potassica e fosfatada promoveram as maiores médias para o crescimento dos
ramos, para a distancia internés, para a area foliar, para o comprimento e largura das inflorescéncias. As
variaveis indice de cor verde escuro e conteido de clorofila a e b ndo foram influenciadas pelos tratamentos
com fertilizantes. Constatou-se que os fertilizantes aumentaram a expressao de todas as varidveis relacionadas
ao vigor vegetativo de L. indica no ambiente urbano, exceto para o indice de cor verde escuro. Isso sugere
que a disponibilidade de nutrientes € geralmente um fator limitante para o crescimento das arvores urbanas.
O comprimento do ramo pode ser utilizado para caracterizar o vigor vegetativo da espécie e 0 comprimento

da inflorescéncia o vigor da floracéo.
Palavras-chave: Arboricultura, Arvores urbanas, Crescimento das arvores.

1. INTRODUCTION

In the face of the characteristics of the urban environment, the benefits provided by trees can be
striking. Among other functions, they contribute to energy savings, reduction of atmospheric
carbon dioxide, improvement of air quality, reduction of rainwater flow and aesthetic benefits [1].
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However, cities can influence the adaptation of trees by high levels of air pollution, increased
temperatures, low relative humidity and altered rainfall regime, which can be highly different if
compared to the natural ecosystems where a species occurs [2].

Adverse environmental conditions, such as limited soil volume, can reduce the growth and vigor
of trees by up to 50%, which reduces the quality of ecosystem services provided along the life cycle
of trees [3]. Thus, the local environment can change the quality and condition of trees, and this can
be evaluated through variables that express the vigor of vegetative structures [4]. According to Tian
et al. (2017) [5], the analysis of visible external conditions of trees may reflect the quality of their
internal structure. Thus, trees that express low external quality can have internal conditions also
compromised.

To know if trees have a good performance in urban environments, it's possible to measure their
vigor using morphological characteristics related to leaves, branches, trunk, roots, flowers and
canopy, and also by physiological characteristics related to their photosynthetic process [6, 7].
Watson and Hewitt (2012) [3] used shoot length of the growing season and leaf size and color to
correlate the root depth with vegetative vigor of urban trees in North Carolina, concluding that trees
with deeper root system expressed greater vigor. Meanwhile, Petrova et al. (2014) [8] evaluated the
physiological vigor of urban trees in Plovdiv, Bulgaria, by means of macronutrients, chlorophyll a,
b and carotenoids present in leaves. Likewise et al. (1999) [6] quantified the vigor of trees in Basel,
Switzerland, by means of their nutritional status related to a parasite damage on mature trees of
Aesculus hippocastanum, Acer platanoides, Platanus x acerifolia, Tilia cordata and Tilia euchlora.

Results for the effects of fertilization on established and mature urban trees are scarce, but some
works describe different problems [4, 9, 10, 11]. Brunetti and Fini (2017) [11] stated that
fertilization of urban trees would be applied only to maintain the quality of trees by their adequate
nutritional status in order to provide the expected benefits. Although, the fertilizer application after
transplanting can be an unnecessary method to improve the plant establishment, growth, and
physiology in urban areas [9], after three or more years this can be a valuable practice to maintain
trees growth and quality [11]. Given the divergent information on how to perform fertilization and
the specificities of urban soils, the amount of fertilizer to be applied must be known through local
testing, taking into account soil conditions and nutritional requirements of the species. Even so,
practical results of experiments related to fertilization of trees in the urban landscapes are very
different, due to a series of variables that can influence its response, such as the characteristics of
the soil and the species under study [10].

The species studied, Lagerstroemia indica, is native from the Middle East and is widely planted
in the streetscape of cities in the south part of Brazil [12] because it is adapted to lower temperature
ranges. Also, the small size, hardiness and the intensity and beauty of its flowering justify its great
appeal in the urban environment [13]. Given the importance of this species, there is a need to deepen
knowledge about the effect of fertilization, especially on mature trees, since the studies found are
restricted to the development of seedlings of the species. In one of these studies, Cabrera and
Devereaux (1999) [14] found that the application of higher dosages of nitrogen positively
influenced post-transplant growth of L. indica, at concentrations between 15 and 60 mg.L of the
element.

In view of the above, this work aimed to characterize different forms of expression and vigor
recovery in mature trees of L. indica, in addition to determining which formulation of compound
fertilizer (NPK) can promote the best effect on vegetative, physiological and flowering vigor.

2. MATERIAL AND METHODS

2.1 Description of the studied area

The research was carried out with trees planted in two distinct parts of the urban forest, in the
city of Irati, State of Parang, Brazil (Figure 1). As we had a limited number of L. indica trees planted
in groups, an urban park was chosen (Unit A), the only one in the city, and four sidewalk gardens
(Units B, C, D and E).
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Figure 1: Map of location of sample units and general characteristics of them in the urban landscape of
Irati, Parand, Brazil. Fonte: The author.

The urban park (unit A) was created in 1988 where it used to be an ancient brick industry that
operated until then, with a total area of 79,000.00 m2. The local landscape is composed by native
trees like Anadenanthera colubrina and Syagrus romanzoffiana, and exotic species like Platanus
x acerifolia, Salix babylonica, Acer negundo, Tipuana tipu, and Lagerstroemia indica [15]. The
units B, C, D and E, are sidewalk gardens, with average dimensions of 4.0 m wide and 15.0 m in
length, and covered with Axonopus compressus grass and L. indica, which represents the highest
proportion of trees in the streetscape of the city.
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2.2 Methodological procedure

In each unit, four soil samples were collected around each tree, at 0.20 m depth, equidistant in
the middle of the crown dripline. These soil samples were homogenized into a single representative
sample of each unit. The compound samples were analyzed in the Laboratory of Soil and Forest
Nutrition, at Universidade Estadual do Centro-Oeste, following a standard methodology for soil
analysis in Brazil, in order to get physical and chemical information.

From the soil analysis, we determined the need for liming (LN) and the amount of limestone to
be applied (AL). According to technical recommendations for fertilization of ornamental plants in
Brazil, the base saturation (V%) of the soil was increased up to 60% [16]. This was performed by
the application of dolomitic limestone with fine granulometry 60 days before the application of
NPK treatments (July of 2017), in order to get their maximum neutralization effect. This procedure
was adapted for each unit, according to the soil analysis, and the amount of limestone was expressed
in square meter of crown projection (m2 CP) (Table 1).

Table 1: Contents of the main elements quantified in the soil of each unit before the application of the
treatments, with description of the average projection of crown area (CAP), base saturation (V), need for
liming (LN) and the amount of applied limestone (LA). “X” indicates that there was no need for liming.

Unit pH K* Ca* Mg* H'+AI* CAP V LN LA
cmol..dm m?2 % g.m?2CP kg.tree
A 448 0.26 488 1.96 6.69 6.79 5149 143.17 1.08
B 537 0.67 6.84 259 4.15 7.94 70.88 X X
C 461 046 471 288 8.61 8.87 48.32 237.32 2.33
D 446 042 491 3.82 7.64 7.07 5450 112.86 0.88
E 435 042 390 291 7.70 8.66 48.43 210.73 2.02

The need for liming and the amount of limestone calculated according Silva and Lopes (2011)
[17] were adapted to express values in grams per square meter of tree crown (LN) and kilograms
per tree (LA) as follows:

V, — V,) x CEC x
LN (g.m™2CP) = 0, 1)100 P % 100

Where:

LN: liming need in grams per square meter of crown area projection (g.m2CP);
V>: base saturation desirable in the soil;

V1: base saturation determined in the soil,

CEC: cation exchange capacity;

p: correction factor for depth of liming application (for 0.20 m the value is 1.0).

CA DL 100
LA(kg.tree) = (LN X — X —

100 °20 % RTNP) x CAP

Where:

LA: amount of limestone applied in kilograms per tree (kg.tree);
LN: liming need (g.mCP);

CA: liming coverage area = 100% of crown area projection;
DL.: depth of liming application layer (0.20 m);

RTNP: relative total neutralizing power of the used lime (90%);
CAP: mean crown area projection (m2).
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NPK fertilization treatments were applied in the middle of the winter in 2017 (on July 15") in
order to solubilize the nutrients in the soil. With this procedure, we aimed to influence the growth
and vigor of L. indica trees, which bloom in new branches of the next growing season in the spring
[7].

The limestone and fertilizer formulations were applied by making 10 holes of 0.10 m deep in
the soil, equidistantly spaced apart, and located under the last one third of the canopy radius of each
tree. The total amount of fertilizer was divided by the number of holes per tree [7].

The simple fertilizers ammonium sulphate (20% N and 24% S), triple superphosphate (46%
P,0s) and potassium chloride (60% K,O) were used for the composition of the fertilizers and their
dosages because they are compatible with each other and do not produce undesirable effects in the
mixture made [17].

2.3 Treatments applied

Treatments were planned considering the suggestions to interpret the soil test report [18] and the
lack of recommendations to fertilize trees of L. indica at Brazilian soil conditions. Each tree
received the application of one of the five treatments described below within its respective sample
unit, resulting in five repetitions per treatment, each one located in a different sampling unit:

Treatment 1: control treatment, without addition of fertilizers;

Treatment 2: increase of phosphorus content from low to very high, according to the
interpretation suggestions, corresponding to the application of 7 mg.dm, on average, per tree;

Treatment 3: 100% increase of phosphorus content in relation to treatment 2, corresponding to
the application of 12 mg.dm=, on average, per tree;

Treatment 4: 100% increase of nitrogen content in relation to treatment 1, corresponding to the
application of 17 mg.dm, on average, per tree, keeping the values of phosphorus and potassium;

Treatment 5: 100% increase of potassium content in relation to treatment 1, corresponding to the
application of 25 mg.dm3, on average, per tree, keeping the values of nitrogen and phosphorus.

2.4 Procedures to evaluate the characteristics of vigor

2.4.1 Vegetative vigor

In each tree, we sampled five branches in the central portion of the crown, in each cardinal axis
of crown projection. In each branch, the shoot length of the growing season, the distance of
internodes, the average leaf area and the color of the leaves were measured to express different
forms of growth and vigor in the species studied [7]. To determine the color and the leaf area, one
leaf per sampled branch was collected, which corresponded to 20 leaves per tree. Leaves were
scanned in an HP Deskjet F4180 printer in order to generate digital images of them. The average
leaf area was measured using the Multispec ®, whereas the green intensity of the leaves was
determined by ENVI® software. In this software, the HSB values of the images were quantified
and the Dark Green Color Index (DGCI) was determined, through the following expression [20]:

=y a-9+a-p

3

DGCI =

Where:

H (hue): estimated in degrees, between 60° (yellow) and 120° (green)
S (saturation): estimated in decimal values

B (brigthness): estimated in decimal values.
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2.4.2 Physiological vigor

For this kind of vigor, we determined the chlorophyll a and b contents as these pigments
cooperate in the process of light energy absorption during the process of photosynthesis [36]. To
do this, three leaves from each tree were collected. In the same day, a sample of 7.85 mm? size of
each leaf was extracted. Each one was placed in a test-tube with 5 mL of the solvent dimethyl
sulfoxide (DMSQ) and were incubated in a water bath at 65°C for 150 minutes to extract the
pigments. The absorbance of the chlorophylls was measured in a spectrophotometer Femto® model
600, at wavelengths of 648 nm and 665 nm [21]. The chlorophyll content was estimated by means
of the expressions:

Ca = 14.85 X (A665) — 5.14 X (A648)
Cb = 25.48 x (A648) — 7.36 X (A665)

Where:

Ca: Chlorophyll a content in mg.m

Cb: Chlorophyll b content in mg.m

A665: Absorbance value at wavelength 665 nm
A648: Absorbance value at wavelength 648 nm.

2.4.3 Flowering vigor

We evaluated the flowering vigor by measuring the intensity of flowering. For this, the length
and width of 10% of the total inflorescences counted in each tree, in each growing season, was
randomly selected and measured.

2.5 Data analysis

In order to test the efficiency of the treatments applied to each tree, we evaluated the vegetative,
physiological and flowering vigor before and after applying the fertilizers. The first evaluation was
carried out in the 2016/2017 growing season (between November and January) and the second
evaluation in the 2017/2018 growing season, in the same months. Data of the two evaluations were
compared at 5% probability level through the Welch paired test, which disregards the assumption
of equality of variances [19]. Using a randomized block design, we tested the effect of the units A,
B, C, D and E as blocks and the best treatment for each kind of vigor, with the application of the
nonparametric Friedman test, since the data presented a non-normal distribution even after
transformation. Tukey's test at 5% probability of error was used to compare means. All statistical
analyzes were performed in software R, version 3.4.2, by means of the agricolae package.

3. RESULTS AND DISCUSSION

3.1 Vegetative vigor

The Welch test showed that there was a significant difference in shoot length (F= 165.41; p-
value= 7.21°%), average distance of internodes (F= 47.51; p-value= 9.711?), leaf area (F= 13.90; p-
value= 2.53*) and dark green color (F= 165.01; p-value= 4.26%). The expression of all these
variables was superior in the growing season after fertilization (Figure 2A).
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Figure 2: Range of data distribution for the variables of vegetative, physiological and flowering vigor

measured before fertilization (2016) and after fertilization (2017) in Lagerstroemia indica trees.

Fertilization influenced the expression of all variables related to vegetative vigor of L. indica, in
positively. This suggests that nutrient availability is generally a limiting factor for the growth of
the urban trees [22], and thus, among management practices, fertilization is an essential practice to
increase tree vigor [23]. The positive effect of fertilization can be explained by the periodic cleaning
of foliage over the grass on sidewalks and in the public park. This practice contributes to the
removal of litter (grass and leaf residues) that result in the loss of nutrients. Thus, additional
fertilizer can influence the urban tree’s development [23, 24] because nutritional deficiency of

urban soils is considered as one of the main causes of tree vigor problems in cities [25].

When considering the units as blocks (A, B, C, D and E), there was no significant difference
among them, however, treatments applied in these units showed a significant influence over three

of the four variables related to vegetative vigor (Table 2A).
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Table 2: Average values of the vegetative (shoot length — SL, average internode distance — ID, leaf area —
LA, dark green color index — DGCI), physiological (Chlorophyll a and b content — CA e CB) and flowering
vigor (Inflorescence length and width — IL and IW) with their standard deviation values (SD), after
application of treatments. Means followed by the same letter do not differ significantly from each other by
the Tukey test (p> 0.05).

Vegetative vigor (A)

Treatments (Srlr_1) SD ((I:rl?]) SD (é_rr?Z) SD  DGCI SD
T1 1798b 6.32 325ab 081 1097bc 249 052a 0.04

T2 1821a 645 350a 1.03 11.30bc 267 053a 0.03

T3 16.97b 536 3.14b 097 1047c 320 054a 0.06

T4 17.92b 757 329ab 091 11.72ab 356 0.51a 0.06

T5 1856a 7.57 354a 081 12.03a 191 054a 0.02
Mean 17.93 6.66 3.34 091 1130 277 052 0.04

Physiological vigor (B) Flowering vigor (C)

Treatments (m;:.f\n'z) SD (mgr?TZ) SD (Clrl;]) SD (Icvn\]/) SD
Tl 152a 029 086a 064 1393c¢c 183 882c 126

T2 184 a 0.27 0.57a 047 1510b 207 925b 1.29

T3 1.77a 033 097a 059 13.06c 281 7.93d 1.16

T4 1.85a 039 063a 045 13.00c 243 847cd 131

T5 1.78a 051 0.74a 040 16.25a 198 994a 122
Mean 1.75 0.36 0.75 051 1427 223 888 125

The mean values presented significant differences among treatments, only for shoot length (2=
16.83, p-value= 9.3%3, 4 df), average distance of the internodes (2= 2.17, p-value= 4.1473, 4 df) and
leaf area (2= 5.09, p-value= 1.1073, 4 df). The mean values of the coefficients of variation ranged
from 8.12 to 37.04% and can be considered satisfactory because it is an experiment carried out in
natural conditions of mature tree growth without the control of environmental effects and
management practices.

For shoot length and average distance of the internodes (Table 2A), treatments T2 (increase of
phosphorus content from low to very high, according to the interpretation suggestions) and T5
(100% increase of the potassium content in relation to the treatment 1) were the ones that induced
the greatest vigor expression. These treatments corresponded to average levels of 12 mg.dm™ of P
351 mg.dm™ of K* in the soil. It was observed that for shoot length these two treatments differed
significantly from the others, whereas for average distance of the internodes they differed only from
the treatment T3 (100% increase of phosphorus content in relation to treatment 2). This suggests
that a satisfactory response to phosphate fertilization occurs up to a certain level for this species,
due to the vigor reduction when applied an extra level of this element in the soil.

Regarding the leaf area, the treatment with potassic fertilization (T5) promoted more positive
responses in relation to the others, although they did not differ from the treatment with nitrogen
fertilization (T4) as shown in Table 2A. The fact that potassium and phosphate fertilization
increased the expression of vegetative vigor of L. indica may suggest a nutritional deficiency for
this species or an extra absortion of these elements due to the increase of their content and
disponibility in the soil. However, in addition to the nutritional aspects, the vigor expression can be
correlated with other factors of the urban environment, such as air pollution, general soil conditions
and photoperiod, which can cause morphological and physiological changes in trees.
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The no significant and similar responses among studied units (A, B, C, D, and E) is a good result
to remark the effects of fertilizer treatments. It is also interesting because these units presented
similar characteristics in terms of composition and size, although the distance among each other is
more than 100m, what is quite difficult to get a design pattern when one tries to study established
trees on the streetscape.

It is important to highlight that the treatments with the greatest influence over shoot length were
the same ones that promoted the expression of a greater average distance of internodes (Table 2).
Then, we suggest that there is a direct proportional relationship among these variables, and both
can be considered as good indicators of L. indica vigor.

The best positive responses of the foliar area to nitrogen and potassium fertilization suggests that
the supply of these nutrients may influence the photosynthetic activity and the patterns of growth
and development of the studied trees. Although, in the study of Laclau et al. (2009) [26] with
Eucalyptus grandis, nitrogen fertilization did not modify the foliar area but potassic fertilization
enhanced the area, lifespan, and biomass of trees. In mature trees of Acer sacharum, Gradowski
and Thomas (2008) [35], observed that trees fertilized with nitrogen and phosphorus combined with
dolomite had the greatest shoot extension. In newly planted trees in urban areas, Harris et al. (2008)
[27] state that nitrogen fertilization does not affect their growth, and this was also reported by Kim
et al. (2015) [22] in a study about the effects of different NPK fertilization over four forest species
planted in a fire disturbed urban forest. As we can see, nutrient application in the activity of
fertilizing urban trees can promote different responses in the growth of trees, depending on their
level of development or their age. That is why we must consider local analysis in order to
recommend the application of fertilizers.

Although the dark green color index is proved to be influenced by the increase of nitrogen
absorption by plants [20, 33] no significant difference was observed between the control treatment
(T1) and the treatment with an increase in the content of nitrogen in the soil (T4) as shown in Table
2. Also, the significant response to potassic fertilization suggests that higher levels, above 351
mg.dm (Treatment 5), may increase the development of L. indica. However, to enhance the
vegetative development in the field, the best dosage depends on the specific and controlled
experiment with fertilizer composed with this element in different progressive dosages. On the
other hand, considering phosphate fertilization above 12 mg.dm= (Treatment 2), trees of L. indica
can have a limited development, as verified in treatment 3, which corresponded to a content equal
to 24 mg.dm2 in the soil.

In an experiment with mature trees of Quercus robur L. and fertilization with NPK (12-12-17),
in an urban park in Florence, Italy, Ferrini et al. (2005) [9] observed that fertilized plants showed
higher shoot growth, leaf area, chlorophyll content and foliar gas exchange, as well as improved
soil physical characteristics, such as better structure and lower compaction. In the long term, the
addition of nitrogen may support the phosphorus release in the soil, since this process induces the
development of the solubilizing bacteria of inorganic phosphate in the soil [32]. In contrast, in a
study about the effects of nitrogen fertilization, Tian et al. (2017) [5] observed that an excessive
dosage of nitrogen could reduce the phosphorus absorption, due to the competition for the active
sites in the rhizosphere. However, in order to promote the best effect with fertilization, especially
in the case of established urban trees, they must be exposed to an adequate amount of water, aiming
at the balance of photosynthetic and physiological processes [9]. Due to that, it is difficult to
propose fertilization activities in urban areas. Besides the great heterogeneity of soils, it is important
to consider the adequate quantity demanded by the species and the optimum balance among all the
necessary elements to be applied. As stated by Bruneti and Fini (2017) [11], urban trees should be
fertilized to maintain their vitality and nutrition quality and not to increase their growth and
productivity like happens in an agricultural system.

3.2 Physiological vigor

Data collected showed that the content of chlorophyll a (F=0.26; p-value= 0.61) and b (F=6.57;
p-value= 0.35) were not influenced by the fertilization treatments as they did not vary significantly
(Figure 2B). Such non-responsive characteristic of the variables used to measure the physiological
vigor may be related to the degree of species adaptability to the urban environment. Since, newly
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planted trees undergo a process of slow photosynthetic acclimatization, causing them to present
changes in concentration and chlorophyll fluorescence, a consequence of the photosynthetic
adaptation to the new environment. On the other hand, mature trees are already adapted to the
environmental conditions of cities and tend to present stable physiological conditions.

When considering the units as blocks (A, B, C, D and E), there was no significant difference
between them (Table 2B), neither among treatments, for both the chlorophyll a content (%2 = 0.46,
p-value = 0.7616, 4 df) and chlorophyll b content (%% = 0.55, p-value = 0.8110, 4 df). This may
explain the homogeneity of chlorophyll content among treatments in the present study, since the
evaluated trees are mature, with more than 20 years after planting and apparently well adapted to
the local environment. Ferrini and Baietto (2006) [10] analyzed the influence of fertilization with
NPK (15-9-15) on total chlorophyll content in Liquidambar stryraciflua, Styphnolobium japonicum
and Fraxinus excelsior planted in different urban sites in Milan, Italy. As in the present study, they
did not find significant differences among trees fertilized from the non-fertilized ones, three years
after transplanting them. However, unlike the present study, Ferrini et al. (2005) [9] observed a
positive effect of fertilization with NPK (12-12-17) in the leaf chlorophyll content of Quercus robur
L., so that the fertilized trees were more photosynthetically active. Several papers point out that the
increase of leaf chlorophyll content is closely related to the levels of applied nitrogen fertilization
[28, 29].

3.3 Flowering vigor

According to the Welch test, data collected before and after fertilization were significantly
different in relation to the inflorescence length (F= 38.88; p-value= 8.571%) and width (F= 17.75;
p-value= 2.91), and showed higher values in the growing season after fertilization (Figure 2C).
When considering the units as blocks (A, C, D, E and F), there was no significant difference among
them, however, treatments presented significant differences (Table 2C) for the inflorescence length
(x2= 13.85, p-value= 3.1 4 df) and width (2= 23.78, p-value= 1.1, 4 df). The treatment T5
provided the greatest expression of flowering vigor in L. indica, and is related to an increase of
100% of the potassium content in relation to treatment 1. It corresponds to average levels of 351
mg.dm? of K* in the soil. Treatment T2 had the second best influence over flowering and
corresponded to a phosphorus content equal to 12 mg.dm in the soil. These results were similar to
those observed to shoot length in the analysis of vegetative vigor (Table 2A), in which the two
treatments also presented the highest averages. Although, in that case, they did not present
significant differences among themselves, as occurred for the flowering vigor. The application of
higher dosages of phosphorus (T3) reduced the flowering responses, as occurred for the vegetative
vigor (Table 2A). This may indicate the possible occurrence of phytotoxicity by the excess of this
nutrient in the soil, although the species were responsive to a content of 12 mg.dm- of this element
in the soil (T2).

The results for flowering vigor guide us to two possible explanations about the best performance
of trees after fertilization. These explanations do not exclude each other due to the limited
experimental conditions of evaluation. Both potassium and phosphorus fertilization showed a
positive influence on flowering vigor, and this may be a response for certain species. The potassic
fertilization, especially in the form of chlorate, can contribute to the uniformity of flowering,
allowing floral induction to occur more consistently and even out of season in Dimocarpus longan
[30]. The response to phosphate fertilization is related to the demand for this nutrient during the
flowering process. Martinez et al. (2003) [31] observed higher phosphorus concentrations in
flowers of Prunus persica than on the leaves. According to the same authors, phosphorus is a
mobile element in the phloem, important in the polinic tube growth and pollen grain maturation.

Among all parts of a tree, flowers are the most noticeable to the urban population, which
indicates that the aesthetic aspects may play an important role in the evaluation of the quality of
life. The response to this visual stimulus involves human psychology, in which individuals
associate well-groomed and colorful landscapes with pride of themselves and the community, for
being careful about the environment in which they live [32]. Trees flowering can also supply
nutrients and floral resources such as pollen and nectar to the regional pollinators. This relationship
between fauna and flora can influence the ecosystem stability, contributing to the city’s
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environmental balance [34]. From this point of view, it is essential to study not only the effects of
fertilization, but also other alternatives that aim to intensify the flowering development, so that the
benefits provided by them, mainly aesthetic, can be enhanced.

4. CONCLUSION

Our findings suggest that fertilizers increased the expression of all variables related to vegetative
vigor of L. indica in urban environment, except for the dark green color index. They also improved
the flowering vigor.

The shoot length can be used to characterize the vegetative vigor expression and the length of
the panicles in the evaluation of the flowering vigor. The physiological vigor of L. indica was not
responsive to fertilizers, which indicates that it cannot be a good parameter to evaluate the general
condition of this species.

The expression of vegetative and flowering vigor were more influenced by potassium and
phosphate fertilization, whose formulations representing 351 mg.dm- of potassium and 12 mg.dm-
% of phosphorus in the soil were the most responsive. However, trees response depends on the
availability of these nutrients in the soil.
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