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APRESENTAÇÃO
A preservação de ecossistemas é uma das principais ações das ciências 

multidisciplinares aliadas à Ecologia. Sobre isto trata o livro “Ecologia e Conservação”. A 
obra aborda em 16 capítulos temas e técnicas de pesquisa aplicadas à fauna e flora, bem 
como questionamentos sociais acerca de políticas sociais, educação ambiental e afins. 

O(a) leitor(a) encontrará estudos que apontam como a agroecologia auxilia na 
melhoria da qualidade de vida e redução de desigualdades regionais vivenciadas por 
agricultores familiares. Também neste sentido, o cultivo de hortas agroecológicas escolares 
promove a consciência ambiental em crianças que são assistidas pelo Projeto da ONG 
Engenheiros Sem Fronteiras em Minas Gerais/MG.    

A visitação turística é uma atividade econômica que contribui para o desenvolvimento 
local, contudo há estudos que analisam os impactos sofridos nas zonas aquáticas e como 
reduzi-las.   

Por sua vez, pesquisas são apresentadas a respeito da destinação e transformação 
de resíduos orgânicos em material reutilizável em compostagens de áreas agrícolas 
urbanas. Altares religiosos contendo peças de gesso abandonadas são objeto de teste de 
hipótese quanto às alterações fitossociológicas e florísticas ocasionadas no local.

Os estudos de casos são apresentados com intuito de analisar hábitos alimentares 
de carnívoros neotropicais atropelados em Rodovias do Espírito Santo/ES. São divulgadas 
descrições da morfologia ovariana de um quelônio, como também os procedimentos 
emergenciais empregados em espécies de Tamanduás, vítimas de queimaduras. 

Análises mostram como converter biomassa fotossintética para mudas de plantas. 
As espécies de “Palmeiras” do Rio Grande do Sul são reclassificadas, catalogadas e 
apresentadas tendo em vista mudanças ocorridas na literatura científica do período de 
2009 a 2019. 

Por fim, compreender como a espécie do fruto “Cubiu” se comportou nos últimos 
anos, de acordo com as alterações ambientais, foi tema da pesquisa que utiliza modelagem 
de nicho ecológico. O mesmo método foi direcionado para a praga global de cereais “Pulgão 
de grãos” para entender sua distribuição geográfica.

Aprecie os resultados acadêmicos.

Maria Elanny Damasceno Silva
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ABSTRACT: The biomass yield of any crop is 
a ratio of the conversion efficiency (εb) and the 
intercepted photosynthetically active radiation 
(PARint) and may vary with each management 
condition in which the plants are grown. The 
objective of this study was to quantify the εb of 
PARint to biomass of Cordia americana (Linnaeus) 
Gottshling & JE Mill plants when submitted to 
different tube sizes and plant densities. The 
experiment was conducted in randomized blocks 
to study the biomass productivity in two sizes 
of tube (medium and large) and different plant 
densities in the tray (high with 100% occupancy 
and average with 50%), where PARint, the index 
of leaf area and total biomass of the seedlings 
were evaluated. Tube volume and plant density 
do not interfere with εb values. The εb was 1.41 
g.MJ-1 for all managements.
KEYWORDS: Plant density, photosynthetically 
active radiation, biomass production, Guajuvira.

EFICIÊNCIA DE CONVERSÃO DA 
RADIAÇÃO FOTOSSINTÉTICA EM 
BIOMASSA DE MUDAS DE Cordia 

americana
RESUMO: A produção de biomassa é uma função 
da eficiência de conversão (eb) da radiação solar 
fotossinteticamente ativa interceptada (RFAi) em 
fotoassimilados, variando conforme as condições 
de manejo em que as plantas são cultivadas. 
Assim, este trabalho teve como objetivo 
quantificar a eficiência de conversão da RFAi 
em biomassa de mudas de Cordia americana 
(Linnaeus) Gottshling & J.E. Mill quando 
submetidas a diferentes tamanhos de tubetes e 
densidades de plantas. Para tanto, foi conduzido 
um experimento, em delineamento de blocos 
ao acaso, para estudar a produção de mudas 
em dois tamanhos de tubetes (médio e grande) 
e duas densidades de plantas na bandeja (alta 
com 100% de ocupação e média com 50%), onde 
foram determinados a RFAi, índice de área foliar 
e biomassa seca total das mudas. O volume do 
tubete e densidade de plantas não interferiu nos 
valores de eficiência. A eb foi de 1,41 g.MJ-1 para 
todos os tratamentos.
PALAVRAS-CHAVE: Densidade de plantas, 
radiação fotossinteticamente ativa, produção de 
biomassa, Guajuvira.

INTRODUCTION
The Guajuvira (Cordia americana 

(Linnaeus) Gottshling & JE Mill) is a species 
belonging to the Atlantic Forest biome, presents 
a slow to moderate growth, being semi-
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heliophilia that tolerates shading when young, in the adult phase can reach 30 meters in 
height and 100 cm diameter at breast height (Trautenmüller et al., 2014; Lorenzi, 2016). 

Guajuvira is indicated for civil construction, due to its characteristics of the wood, 
as well as for the recovery of degraded areas, since it presents good adaptability to 
shallow soils and low fertility. In the last decades the production of seedlings has been 
carried out in a protected environment, this physical environment many changes in the 
meteorological elements (Trautenmüller et al., 2016) and solar radiation is one of the most 
modified elements (Behling et al., 2015; Dalmolin et al., 2015; Schwerz et al., 2017), being 
considered a primordial element so that the seedlings develop of robust form. Plant growth 
is a ratio of biomass balance accumulated by photosynthesis, crop yield depends on the 
rates of photosynthesis in any growing environment (ORT & LONG, 2003; PTASINSKI, 
2016; TAIZ et al., 2017).

The biomass production of a plant depends on the intercepted fraction of the 
photosynthetically active solar radiation (PARint) in the leaves and the efficiency to convert 
this radiant energy into photoassimilates through photosynthesis. In healthy plants of the 
same species and physiological characteristics, which have adequate amounts of water 
and nutrients available, the production of biomass is governed by PARint. Thus, the PARint, 
which is converted into biomass, reveals the conversion efficiency (EB) of the energy use 
by the species (Monteith, 1977). Most of the time, this conversion has been calculated by 
the linear function, in which an angulation between the PARint an accumulated biomass 
determines an EB, as results in the studies developed by Behling et al. (2015) and Schwerz 
et al. (2017).

The leaf area index can also influence εb, this characteristic can be manipulated 
through the density of plants (Behling et al., 2015). Thus, spacing inquiries have been 
conducted in order to shorten the period for the crop to intercept the maximum incident 
solar radiation per unit area and time, resulting in higher productivity (Schwerz et al., 2017). 
Such studies have been conducted because the photosynthetic efficiency is mainly a direct 
function of plant density, since the leaf area index is the one that determines εb.

Density of plants in the nursery has become an important management practice 
to optimize space in the environment. In addition, it exerts influences directly on the 
development and architecture of the plants presenting differentiated patterns in response 
to the varied spacings (Eloy et al., 2017). In this way, contributing to the distribution of leaf 
area in the canopy and the way in which solar radiation is intercepted. One of the techniques 
to increase the amount of energy captured per unit area and time is the modification of the 
arrangement, which consists of shortening the time for the crop to intercept the maximum 
of incident solar radiation, through the highest index of leaf area obtained (Behling et al., 
2015).

The hypothesis proposed was that plant density may or may not affect the εb of the 
PARint. In this way, this work had as objective to determine the efficiency of the PARint in 
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biomass of Cordia americana seedlings submitted to different tube sizes and plant densities.

MATERIAL AND METHODS
The study was carried out with the species Cordia americana (Linnaeus) Gottshling 

& J.E. Mill in the period from September 2014 to February 2015, in a protected environment 
with a semi-arched roof with a central chute, with a low-density polyethylene cover with 
a thickness of 150 mm. The experiment was conducted in the forest nursery of the forest 
Engineering Department of the UFSM, Campus of Frederico Westphalen, with a geographical 
location of 27°23’46” S and 53°25’38” W at 480 m altitude.

The climate of the region is very humid, with a balanced rainfall regime, but there is a 
reduction in precipitation in the winter season, an annual average between 1,900 and 2,200 
mm and an average temperature between 18 and 20º C (Alvares et al., 2013). Within the 
protected environment at the mean temperature was 26.2 ° C and the average photoperiod 
was 13.1 hours, during the conduction of the experiment.

The total biomass accumulation of Cordia americana seedlings was evaluated in 
two sizes of medium and large hard plastic conical tubes with capacity of 90 and 170 cm³, 
respectively, in two levels of plant densities in the tray, 100 and 50 %, denominated high and 
medium densities. The 100% density equaled 434 and 237 plants per m² for the medium 
and large tubes and for the average density 217 and 118 plants per m² for medium and large 
tubes respectively.

In the treatment planning, a 2 x 2 factorial was used: two tube sizes, two plant 
densities in the tray, performed in five replicates, and the experiment was conducted 
in a randomized block experimental design. In each block four experimental units were 
contemplated, randomly assigning the combination of tube size + plant densities in the tray. 
Each experimental unit consisted of 35 and 28 plants, respectively, for 100 and 50% of tray 
occupancy, with the 10 plants evaluated.

The production of the seedlings was made from seeds from the company MP® 
seeds. At the sowing, held on September 26, 2014, four seedlings were placed centrally 
by tube filled with commercial substrate (Tecnomax®); at 40 days after sowing, a thinning 
of the seedlings was done, leaving only the best development. During the experiment, the 
daily irrigations were carried out in automated form up to the field capacity of the substrate. 
After 60 days of sowing, five biomass evaluations were performed, with intervals of 20 
days, in which two seedlings per treatment and repetition were sampled, totaling 200 plants 
evaluated. 

The evaluation of conversion efficiency (εb) was carried out based on the concepts 
proposed by Monteith (1977). Thus, εb can be calculated by means of the relation between 
the accumulated biomass production and the PARint. All calculations for obtaining εb were 
performed as shown by Behling et al. (2015) and Schwerz et al. (2017). 
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The covariance analysis (ANACOVA) was applied to verify the need for the use of 
independent functions between the PARint and the accumulation of total biomass in the 
different treatments studied, thus determining if there are any differences between them. 
First, the slope difference (parallelism) was tested. If there was no evidence of this factor, 
the hypothesis of non-difference of levels (coincidence) was also tested. If the difference 
is not significant for slope and levels, a single regression can be adjusted. For this, the 
Snedecor method was used, with the inclination and level of the lines verified through the 
F value, to 5% error. All statistical analyzes were processed by the “Statistical Analysis 
System” package (SAS, 1993).

RESULTS AND DISCUSSIONS
The overall solar radiation flux was, on average, 22.88 MJ.m-2.day-1, with variation 

from 3.56 to 32.79 MJ.m-2.day-1 and within the greenhouse, on average 17.16 MJ.m-2.
day-1, with variation from 2.67 to 24.59 MJ.m-2.day-1. The amount of radiation incident on 
the protected environment was lower when compared to the open air, this is due to the 
transmissivity of the environment cover, however, this reduction can be compensated in 
part by the increase in diffuse radiation, which is important because it is multidirectional and 
penetrates the vegetative canopy. The biomass growth in the different management and 
showed a linear relationship with the accumulated positive PARint and response pattern not 
dependent on the density seedlings (Figure 1A).
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Figure 1.  Correlation of Pearson between the biomass - BS (A) in seedlings of Cordia 
americana (Linnaeus) Gottshling & J.E. Mill, index of foliar area - LAI (B) and the foliar area (C) 

with the photosynthetically active radiation intercepted (PARint). In which: TGDA: big tube in 
100% density arrangement; TGDM: big tube in 50% density arrangement; TMDA: middle tube 

in 100% density arrangement; TMDM: middle tube in 50% density arrangement; TGDA + TMDA 
= big and medium tube in 100% density arrangement; TGDM + TMDM = big and medium tube 
in 50% density arrangement; the volume of the big tube being 170 cm³ and the medium 90 cm³ 

tube.

The efficiency of the use of radiation by plants depends on the interaction between 
vegetation and the environment, which defines how processes of photosynthesis and 
transpiration will be affected by climatic and edaphic elements or also how the structure 
of the canopy affects the amount of incident radiation that reaches the different layers of 
the same and its absorption by plants (Fonseca et al., 2006). Like this, by raising seedling 
density, the biomass accumulated by seedlings also increased, according to Schwerz et 
al. (2017). Thus, the arrangement of plants can be considered an important management 
practice to control the interception of radiation. The importance of light in seedling growth 
can be seen in several studies (Behling et al., 2015; Schwerz et al., 2017; Trautenmüller et 
al., 2017; Eloy et al., 2017).

In the national literature, no studies were carried out on seedlings of native forest 
species in this study, which allows to admit the importance of intensifying research that 
relates the use of solar radiation, since the growth and development of any vegetable 
depends on the photosynthetic rate and of the εb of the available energy in biomass 
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(Schwerz et al., 2017).
Leaf area index growth also showed a positive linear relation with accumulated 

PARint (Figure 1B). In addition, leaf area index was always higher in 100% density cultures 
regardless of the culture environment (Figure 2A). The leaf area index is a good indicator of 
the leaf surface responsible for the interception of solar energy (Pedó et al., 2015). Like this, 
the greater accumulation in biomass obtained as a function of the PARint accumulated in the 
100% density is related to the leaf area index, because as it rises, the greater the amount 
of PARint and, consequently, the greater the accumulation of biomass, the same was also 
observed by Behling et al. (2015). When observed the angular coefficients obtained, it was 
observed that this was dependent on the density of plants.
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Figure 2.  Correlation of Pearson growth tendency of the foliar area index and the function of the 
days after germination (A), relationship among the PARint and the production of accumulated 
biomass (BS) (B). Relationship among the PARint and the production of accumulated biomass 

(BS) (C) after verifying the level equality and slope among the same tube size in a same density 
through the covariance analysis. In which: TGDA: big tube in 100% density arrangement; 

TGDM: big tube in 50% density arrangement; TMDA: middle tube in 100% density arrangement; 
TMDM: middle tube in 50% density arrangement; TGDA + TMDA = big and medium tube 
in 100% density arrangement; TGDM + TMDM = big and medium tube in medium density 

arrangement; the volume of the big tube being 170 cm³ and the medium 90 cm³ tube.

The εb biomass of the seedlings for large tubes was 1.57 g.MJ-1  in treatment density 
of 100% occupancy and 1.23 g.MJ-1  at density of 50% occupancy (Figure 2B). Mean 
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εb tubes were 1.44 g.MJ-1  in the treatment with 100% density and 1.17 g.MJ-1  at 50% 
density. The analysis of covariance (ANACOVA) applied for independent regressions for 
all treatments (100% density big tube * 50% density big tube * 100% density medium tube 
* 50% density medium tube) showed no significant difference between efficiency values, 
indicating that regressions have equal slopes without variation of them (Table 1).

Variation factor Degree of freedom for 
the whole group Middle square Equal 

parameters
TGDA*TGDM*TMDA*TMDM 12 1395.6267
Inclinar 3 3631.1391 Yes
Level 3 4619.4231 Yes

Table 1. Covariance analysis among the straight lines of conversion efficiency of the 
photosynthetically active radiation intercepted and accumulated in biomass of seedlings 

of Cordia americana (Linnaeus) Gottshling & J.E. Mill submitted to different tubes size and 
densities of plants.

The εb of Cordia americana differed from those observed by Schwerz et al. (2017) 
in plants of Hovenia dulcis Thunberg cultivated in protected environment, where they found 
2.40 g.MJ-1 for plants in 100% density, and 2.16 g.MJ-1 for the average density. These 
differences found between a native species and an exotic species may be related to the 
acceleration of the increase of the leaf area and the occupation of spaces between plants. 
In this sense, Hovenia dulcis needs less time in a greenhouse to present the same leaf area 
when compared to native species.

The highest values of εb are in the treatments with 100% density of plants, although 
there are no statistical differences of the means, these related to the faster occupation by 
the leaf area of the space between the seedlings, which can be verified through the high 
area index observed throughout the period of conduction of the experiment. In the same 
context, as the leaf area index increases, the radiation absorption surface and the PARint 
(Behling et al., 2015).

The εb is directly related to the leaf area index of the crop, as this factor influences 
the development, maintenance of the leaf area and biomass production potential, since its 
increase provides an increase in radiation interception (Eloy et al., 2017). In both tube sizes, 
the conversion efficiency of the culture under 100% density was approximately 20% higher 
when compared to those submitted to medium density. Schwerz et al. (2017) found that the 
increase in Hovenia dulcis density increased the εb by 10%. Purcell et al. (2002) evaluated 
the εb and soybean biomass production in different plant populations and observed the 
PARint increased to the density of approximately 50 plants per m² and that the εb decreased 
with increasing of the plant population, through the senescence of lower leaves, adverse 
results to those observed in Cordia americana. The cultivation under conditions of 100% 
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density of plants was more efficient in the PARint, this is due to the faster occupation of 
the space between the seedlings by the leaf area during the growing period which allows 
greater PARint within the same period.

Regression analysis has been shown to be an adequate technique for estimating the 
conversion efficiency of solar radiation in Cordia americana seedlings biomass, so these 
equations are appropriate to evaluate seedling growth. This situation was also clear by the 
adjustment statistics of the relationships obtained between εb and biomass production, in 
which this ratio can explain more than 97% of biomass production, with a standard error of 
estimation of less than 27% for all cases.

To produce seedlings in shorter time, the use of 100% density can benefit from 
greater efficiency in converting PARint to biomass. However, in this condition the care of the 
quality and health of the seedlings are fundamental, since the survival, the establishment, 
the frequency of the cultural treatments and the initial growth of the forests are closely 
related to the quality of the seedlings (Trautenmüller et al., 2017). 

CONCLUSION
The conversion efficiency (εb) in biomass presented no difference for the different 

tube sizes and plant densities. The εb is 1.41 g.MJ-1 for Cordia americana.
Seedlings cultivated under high density treatment showed higher leaf area index and 

percentage of intercepted solar radiation, resulting in greater total dry matter accumulation.
In the literature no reliable information was found on Cordia americana seedlings.
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