INFLUENCE OF Urochloa brizantha ON THE GROWTH AND
NUTRITIONAL ABSORPTION OF TREE SPECIES

Jodo Elves da Silva Santana®, Paulo Sergio dos Santos Leles™, Alexander Silva de Resende?, Monique
Muniz Monteiro Dias', Daniel Fonseca de Carvalho®, Thales Costa de Lima®

™ Universidade Federal Rural do Rio de Janeiro, Departamento de Silvicultura, Seropédica, Rio de Janeiro, Brasil - joao-
elvis@outloook.com, psantosleles@gmail.com*, munizmonique29@hotmail.com, thales_costal0@yahoo.com.br
2Embrapa Agrobiologia, Seropédica, Rio de Janeiro, Brasil - alexander.resende@embrapa.br
SUniversidade Federal Rural do Rio de Janeiro, Departamento de Engenharia, Seropédica, Rio de Janeiro, Brasil —
daniel.fonseca.carvalho@gmail.com

Received for publication on: 28/06/2018 — Accepted for publication on: 03/06/2020

Resumo

Influéncia de Urochloa brizantha sobre o crescimento e absor¢éo nutricional de espécies arbdreas. Objetivou-
se avaliar a influéncia da convivéncia de Urochloa brizantha var. Marandu sobre o crescimento e acimulo de
macronutrientes nas folhas de Cordia trichotoma e Guarea guidonia. Mudas das espécies arbéreas foram
transplantadas em vasos de 18 litros e mantidas livres da braquidria durante trés meses. Apds esse periodo,
foram adotados trés tratamentos que consistiram da testemunha (T0), duas plantas de braquiaria (T2) e quatro
plantas de braquiéria por vaso (T4). Foram avaliados o crescimento e o acimulo de nutrientes das espécies
arboreas ap6s 84 dias de convivéncia com a braquiaria. O incremento em diametro, de ambas as espécies
arboreas, area foliar e massa de matéria seca da parte aérea de G. guidonia foram afetados de maneira
significativa pela presenca de U. brizantha, em relagdo a testemunha. Foram observadas diferencas
significativas para o acumulo de potéssio e magnésio nas folhas de C. trichotoma.

Palavras-chave: matocompeticéo, crescimento de espécies arbéreas, Cordia trichotoma e Guarea guidonia

Abstract

The objective of this study was to evaluate the influence of Urochloa brizantha var. Marandu on the growth and
accumulation of macronutrients in the leaves of Cordia trichotoma and Guarea guidonia. Seedlings of tree
species were transplanted to 18-liter pots and kept free of U. brizantha for three months. After that period, three
treatments were adopted that consisted of the control (T0), two plants of U. brizantha per pot (T2) and four plants
of U. brizantha per pot (T4). Growth and nutrient accumulation of tree species were evaluated after 84 days of
coexistence with U. brizantha. The increment in diameter, of both tree species, leaf area and shoot dry matter of
G. guidonia were significantly affected by the presence of U. brizantha, compared to the control. Significant
differences were observed for the accumulation of potassium and magnesium in the leaves of C. trichotoma.
Keywords: weed competition, growth of tree species, Cordia trichotoma and Guarea guidonia.

INTRODUCTION

Forest restoration projects with planting of tree seedlings usually have high costs (TRENTIN et al., 2018),
and a significant part of these is related to weed management activities. In the Southeast region of Brazil, most of
the degraded areas are occupied by abandoned or poorly used pastures, with predominance of grass species, such
as palisade grass - Urochloa sp. (RESENDE and LELES, 2017), which are the most cultivated forage species in
South America and support a large portion of the national cattle herd (MARCHI et al., 2017). These are highly
adapted to high light conditions (ZHONG et al., 2018), showing high capacity to acquire and convert resources
such as light, water and nutrients (HALING et al., 2013).

Even with species well adapted to tropical conditions, inadequate management of pasture areas favors the
occurrence of degradation processes (FONTE et al., 2014), so these areas are no longer able to support the animal
feeding and are abandoned. Therefore, these areas end up being the places destined to meet the requirements of
environmental legislation, such as forest restoration projects from the formation of stands with native tree species.

Due to the relatively wide spacing between the planting “rows” and the low soil cover by the canopy of
the plants, in the first stages of stand establishment (VASIC et al., 2012), the planting areas can favor the growth
and development of grasses, such as U. brizantha, hindering the restoration process. Thus, tree species that have
relatively slow growth need to compete for resources with species that are already adapted in the area. Therefore,
in order to optimize control strategies, such as the use of mechanical, chemical and cultural techniques, it is
necessary to understand how tree species behave in the presence of weed species.
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Studies on the influence of weed competition with Eucalyptus sp. plants are well reported in the literature
(SILVA et al., 2004; PEREIRA et al., 2011; MEDEIROS et al., 2016). However, information on the responses of
Atlantic Forest tree species to competition with weeds is still incipient, as highlighted by Santos et al. (2019a).

The tree species of occurrence in the Atlantic Forest are usually sensitive to the interference imposed by
the coexistence with grasses, during their initial growth, which includes the period from planting to about two to
five years of age, depending on the quality of the site (RESENDE and LELES, 2017), and such competition can
result in reduced growth of trees (SANTOS et al., 2019a).

According to Pitelli (1985), several factors affect the magnitude of interference, such as the planted
species, weed species and environmental factors. In addition to these factors, according to Colmanetti et al. (2019),
there is also weed density. In this context, studies on the behavior of tree species in the presence of weeds are
important to generate information that allows to perform weed control more efficiently, with more appropriate
practices of control and used at the most appropriate time for each situation (SWANTON et al., 2015), including
the identification of native tree species with greater potential for competition with the species of the genus
Urochloa.

The objective of this study was to evaluate the effects of Urochloa brizantha interference on the initial
growth and macronutrient concentration in the shoots of Cordia trichotoma and Guarea guidonia.

MATERIAL AND METHODS

Experiment characterization

The study was carried out in the experimental field of the Brazilian Agricultural Research Corporation
(Embrapa - Agrobiology), located in the municipality of Seropédica, RJ, Brazil (22°45°18,42”S, 43°40°4,41”W).
According to data collected at the meteorological station of INMET (Agricultural Ecology), during the study (June
to December 2017) the average monthly rainfall was 60 mm, with a period of lower rainfall between July and
September and with a higher incidence of rainfall between October and December. The average temperatures were
22,6 °C, with a maximum of 38,3 °C, recorded in November, and a minimum of 11,3 °C in August.

Seedlings of two tree species of occurrence in the Atlantic Forest, Cordia trichotoma (Vell.) Arrab. ex
Steud. (Louro-pardo) and Guarea guidonia (L.) Sleumer (Carrapeta), were produced in plastic bags with
dimensions of 9,7 x 20,0 cm (diameter x height). The competing species used was Urochloa brizantha (Stapf)
Webster cv. Marandu.

The experiment was conducted in pots with capacity of 18 liters, with upper diameter of 30 cm, lower
diameter of 25 cm and height of 28 cm. The substrate used was a mixture of Argissolo Amarelo (Ultisol) and
sewage sludge (biosolids), in a volumetric ratio of 9:1. The fertility analysis of the substrate used showed the
following results: pH = 5,8; P = 146 mg dm™3; K* = 91 mg dm™; Ca?* = 6,1 cmol. dm; Mg?* = 1,7 cmole dm3; H
+ Al = 2,3 cmol; dm3; CEC = 10,4 cmol. dm and organic matter content of 3,6 dag kg.

The study began with the transplantation of the 24 seedlings of each species to the pots. Cordia trichotoma
and Guarea guidonia seedlings were at 120 and 140 days after sowing and had average height of 68 and 52 cm,
respectively.

A completely randomized design was adopted, with three treatments and eight replicates, and the
treatments were defined as: TO - absence of U. brizantha plants, T2 - two plants of U. brizantha per pot,
corresponding to the average density of U. brizantha plants in the pasture area, and T4 - four plants of U. brizantha
per pot, approximately twice the average density. The number of U. brizantha plants was defined from a sampling
performed in the municipality of Cachoeiras de Macacu, RJ, Brazil, using a 1 x 1 m quadrat, randomly placed in
the area. The number of plants present in 10 replicates was counted, with an average density of 23 plants per mz2.

The pots were kept in full sun and 1 m apart during the entire experimental period (almost 6 months). In
the first three months, the plants of the two tree species were grown without U. brizantha, in order to promote
adaptation and initial growth of tree species, simulating their establishment in the field, where weeds are previously
eliminated, for example by herbicide application or control around the trunk (chemical or mechanical). U.
brizantha seedlings were grown in trays containing sand and transplanted with about 5 cm height to the pots of
treatments T2 and T4, where they were cultivated together with tree species for more 84 days.

During the entire experiment, other plants species that emerged in the pots were eliminated. From the U.
brizantha transplanting, the pots were manually irrigated, and soil water content was monitored by the Hydrofarm
electronic meter, properly calibrated, with the installation of 3 probes in three pots of the control treatment of each
species. From the pots containing the plants, samples were collected with volumetric ring at 0-10 cm depth to
determine soil moisture corresponding to the substrate field capacity. Thus, at each reading, the volume of water
to be applied was determined by the following equation:

VI ={6fc— (0,0145+U —0,0544)} * Z, * Area, * 1000
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where: VI- Volume to be irrigated (L), 8fc - field capacity of the substrate in the pots (cm® cm3), U - Average
moisture content (%) determined by the sensors, Z,, - Pot depth (m) and Area,, - Upper area of the pot (m2).

Evaluations

At the time of U. brizantha transplanting, measurements of shoot height and collar diameter of the tree
plants were taken with a graduated ruler and digital caliper, respectively. Height evaluations were repeated every
21 days, up to 84 days, when the evaluations were completed. In the last evaluation, collar diameter was measured
again to obtain the increment in collar diameter (IncCD), and the shoots of the tree plants and U. brizantha were
cut, 2 cm from the pot soil, and separated from the root system. Then, the shoots were taken to the laboratory,
where all leaves were removed from each tree plant and analyzed in benchtop LICOR-3600 leaf area (LA) meter.
Then, the shoots of the trees, formed by trunk, branches and leaves, as well as the shoots of U. brizantha, were
placed in paper bags. The root system of the tree species was carefully separated from U. brizantha, simultaneously
washed in running water, placed to dry on a laboratory bench in the shade for two days and then placed in paper
bags.

The shoots and root system were dried in a forced air circulation oven at 65 °C for 72 hours. After
weighing on an analytical scale, the shoot dry mass (SDM) and root dry mass (RDM) of the tree plants were
obtained.

After weighing, for each tree species, four plants were selected in each treatment, those with values closer
to the average SDM. The leaves of these plants were separately ground and sent to the Plant Tissue Analysis
Laboratory to determine nitrogen, phosphorus, potassium, calcium and magnesium contents.

The variances of the growth and nutrient accumulation data were subjected to Bartlett’s variance
homogeneity test and the residuals had their normality tested by the Shapiro-Wilk test. When the assumptions were
not met, the Box-Cox methodology (BOX and COX, 1964) was used to find the appropriate transformation to
stabilize or reduce the existing variability and normalize the residuals. Subsequently, analysis of variance and
Tukey means comparison test were performed at 95% significance level.

RESULTS

Coexistence with Urochloa brizantha did not negatively affect the growth in height of both tree species
at the end of the 84 days of coexistence (Figure 1). In the comparison between the first and last evaluation, the
increments of height in the treatments were 20,9 (T0), 18,3 (T2) and 17,4 cm (T4) for C. trichotoma and 11,4 (T0),
8,0 (T2) and 8,9 cm (T4) for G. guidonia.

Cordia trichotoma Guarea quidonia
100 - , 100 4 g
N TV a
90 + ) s ————ma 90 -
E g
— 80 - -
5
‘s 70 A
I —e— Control
60 - v 2 plants of U. brizantha per pot
—a— 4 plants of U. brizantha per pot
50 T T T T 50 T T T T T
0 21 42 63 84 0 21 42 63 84

Days after U. brizantha transplanting

Figura 1: Valores médios de altura da parte aérea de plantas de duas espécies arbdreas, em convivéncia com
Urochloa brizantha. Testemunha - auséncia de plantas de braquiaria e 2 e 4 plantas de braquiaria por
vaso. Para cada espécie, mesmas letras ap6s as curvas de crescimento, indicam que os tratamentos ndo
diferem entre si, quanto ao incremento em altura (0-84 dias), pelo teste de Tukey (P > 0,95).

Figure 1: Average values of shoot height of two tree species coexisting with Urochloa brizantha. Control - absence
of U. brizantha plants, and 2 and 4 plants of U. brizantha per pot. For each species, the same letters after
growth curves indicate that the treatments do not differ from one another for the growth in height (0-84
days) by Tukey test (P >0,95).
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The increment in diameter (IncCD) of C. trichotoma was significantly affected by the presence of U.
brizantha, with a significantly higher mean in the treatment with absence of U. brizantha (Table 1). For G.
guidonia, the treatment TO promoted significantly higher values in ID (44%), LA (32%) and SDM (41%). The
SDM/RDM ratio in T4 was about 35% higher than in TO. For most of the variables of G. guidonia affected by U.
brizantha, plant in T2 showed lower growth.

Tabela 1: Incremento em diametro do coleto (IncDC), area foliar (AF), massa de matéria seca da parte aérea
(MSPA\) e do sistema radicular (MSR) de duas espécies arboreas sob dois tratamentos de convivéncia,
aos 84 dias apds semeadura, de Urochloa brizantha e testemunha, em condigdes de vasos

Table 1: Increment in collar diameter (IncCD), leaf area (LA), shoot dry mass (SDM) and root dry mass (RDM)
of two tree species under two treatments of coexistence, at 84 days after sowing of Urochloa brizantha
and control, under pot conditions

Tree species Treat. IncDC (mm) AF (cm?) MSPA (g) MSR ()
TO 7,2a(1,5) 2817 a (817) 71,8 a(17,0) 42,2 a (15,0)

Cordia trichotoma T2 6,8 ab (1,8) 2337 a (525) 73,4 a (24,0) 57,7a(12,1)
T4 4,9b(1,3) 2506 a (625) 70,1a(11,2) 51,7 a (10,7)
TO 7,0a(1,8) 2120 a (423) 50,2 a(13,1) 32,8a(13,0)

Guarea guidonia T2 3,9b(1,2) 1532 ab (534) 29,4 b (11,9) 22,3 a(10,8)
T4 55ab (1,9) 1442 b (430) 43,5ab (9,2) 21,6a(9,1)

TO = control; T2 and T4 treatment with two or four plants of U. brizantha per pot, respectively. For each species, means followed by the same
letter in the column do not differ by Tukey test (P > 0,95). Number in parentheses refers to the standard deviation.

Significant differences were observed for C. trichotoma with respect to the effect of coexistence on the
accumulation of nutrients in the leaves (Table 2). When compared to the control, potassium levels were higher in
treatments with the presence of U. brizantha (75%). For magnesium, the accumulation found in plants of the
control treatment were superior to those found in T2 plants (31%). G. guidonia plants were not significantly
affected between treatments.

Tabela 2: Teor (g kg) foliar de nutrientes de duas espécies arbdreas na auséncia e apds 84 dias de convivéncia
com duas densidades de Urochloa brizantha, em condi¢des de vasos

Table 2: Leaf contents (g kg-1) of nutrients in two tree species in the absence and after 84 days of coexistence with
Urochloa brizantha at two densities, under pot conditions

Tree species Treat. Nitrogen Phosphorus Potassium Calcium Magnesium
TO 247a(14) 1,92(0,2) 6,3b (0,8) 31,6a(8,3) 134a(1.2)

Cordia trichotoma T2 27,2a(1,9) 2,6a(1,2) 10,7a(2,8) 28,9a(3,3) 9,2b (2,0)
T4 2452 (3,1) 31a(L7) 11,0 a (4,6) 341a(4,1) 9,8b(2,4)
T0 22,7a(2,6) 1,82 (0,6) 8,4a(3,3) 12,8a(1,8) 3,1a(0,4)

Guarea Guidonia T2 22,1a(1,0) 2,92a(0,4) 10,9 a (1,8) 9,6a(1,8) 2,6a(0,7)
T4 215a(34) 2,0a(0,9) 125a(44) 103a(29) 2,4a(0,5)

TO = control; T2 and T4 treatment with two or four plants of U. brizantha per pot, respectively. For each species, means followed by the same
letter in the column do not differ by Tukey test (P > 0,95). Number in parentheses refers to the standard deviation.

DISCUSSION

Itis believed that the absence of significant differences for the two tree species in relation to the increment
in height after 84 days of coexistence with 2 and 4 plants of U. brizantha per pot occurred because of the short
time of coexistence. Information from Portes et al. (2000) indicates that U. brizantha, depending on the
edaphoclimatic conditions, is suitable for consumption by livestock from 90 and 150 days after planting with
seedlings, that is, the time required for this plant to reach ideal conditions of adaptation in the field is longer than
the observation period of the experiment. A study conducted by Santos et al. (2019a) demonstrates that the
presence of 6 plants of U. brizantha per 18-L pot negatively affected the growth of four tree species of the five
tested, at 180 days after sowing of U. brizantha. The absence of response, except for an increase in the collar
diameter of Cordia trichotoma, is probably due to the relatively slow growth of the species, which is of late
secondary successional stage according to Carvalho (2003). Therefore, in this short period evaluated, the presence
or absence of U. brizantha did not result in significant difference. According to Lorenzi (2014), Guarea guidonia
is a heliophyte species and considered to be relatively fast growing among tree species occurring in the Atlantic
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Forest, indicating that it is more susceptible to competition with plants of the genus Urochloa, which are very
competitive with native tree species according to Melotto et al. (2009) and Santos et al. (2019a).

Several studies have demonstrated the effect of reduction in the growth of tree species in competition with
Urochloa species. Pereira et al. (2011) found a reduction in the growth of Corymbia citriodora, in coexistence
with U. decumbens from 20 plants m™. Similar results were obtained with Eucalyptus urophylla x E clone. grandis
in competition with U. brizantha, from 22 plants m? (COLMANETTI et al., 2019) and Pinus elliottii with U.
plantaginea and U. humidicola (PEREIRA et al., 2016). In studies with native tree species, Monquero et al. (2015)
evaluated the effect of increased densities of U. decumbens on the growth of Senegalia polyphylla, Enterolobium
contortisiliquum, Ceiba speciosa and Luehea divaricata and found that the presence of the competing species
negatively affected the growth of these tree species even at the lowest density of two plants per pot. Santos et al.
(2019b) observed that the coexistence with U. brizantha negatively affected the growth of Schinus terenbtifolius.
All species of these studies are considered to be pioneers or early secondary (CARVALHO, 2003; LORENZI,
2014), which usually have higher growth potential than late secondary and climax ones, hence having lower growth
in the presence of U. brizantha, different from Cordia trichotoma, which virtually did not show responses of
growth, because it is early to late secondary, naturally having slow growth in the early stages of development.
Another factor that may have contributed to the small significant responses of the plants of the two tree species of
the present study is the relatively short time of coexistence. It was observed that in the first 15 days after the
transplanting of U. brizantha plants, they practically did not grow because they were adapting to the environment,
so the time of coexistence was below 70 days. In future studies, larger pots and longer time of coexistence are
recommended, as occurred in the cited studies.

The absence of significant differences in the leaf contents of N, P and Ca of the two tree species probably
occurred because the soil used is relatively rich in nutrients and U. brizantha did not reach its maximum vigor,
which occurs from 90 to 150 days after planting the seedlings according to Portes et al. (2000). The relatively
lower K content in Cordia trichotoma plants of the treatment without U. brizantha was not expected and no
explanations were found in the literature for this result. Significantly lower mean Mg contents in plants of this tree
species in coexistence probably occurred because U. brizantha plants were in full growth at the time of harvest of
the experiment, as according to Vitti et al. (2006) Mg is important in enzymatic activation, being a co-factor of
almost all phosphorylation enzymes, being fundamental in the processes of photosynthesis, respiration and
reactions of synthesis of organic compounds. Thus, Cordia trichotoma, besides being a relatively slow-growth
species, had lower Mg content in coexistence with U. brizantha plants.

CONCLUSIONS

Under the studied conditions, it was concluded that:

e After 84 days of coexistence, Urochloa brizantha practically did not affect the growth of Cordia
trichotoma and for Guarea guidonia there were negative effects for most of the parameters evaluated.

e  The coexistence with U. brizantha negatively affected only the average magnesium leaf content of Cordia
trichotoma plants.
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