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Ecophysiology of Brachiaria decumbens in grazing 
systems
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A B S T R A C T

Plant Ecophysiology was used as a tool to interpret the responses and adaptation of pastures to environmental 
conditions. The objective of this study was to evaluate ecophysiological parameters in Brachiaria decumbens grown in 
different grazing systems in the Cerrado’s biome in the south state of Maranhão, Brazil. The experiment was conducted 
in a completely randomized design with nine replications, using a 3×2×3 factorial arrangement consisted of three 
grazing management systems (silvopastoral, a rotation system with regeneration of native vegetation, and extensive) 
two seasons (dry and rainy), and three evaluation times along the day. The photochemical efficiency, performance 
index, and estimation of chlorophyll content were evaluated. According to the results, most of the parameters of the 
variables evaluated for B. decumbens presented stress conditions, thus compromising their photosynthetic apparatus. 
B. decumbens presented the best photochemical efficiency and estimated chlorophyll content throughout the day in the 
silvopastoral system, in both evaluated seasons, therefore, it is a promising species of grass for this system.
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R E S U M O

A Ecofisiologia Vegetal é uma ferramenta usada para ajudar na compreensão e interpretação das respostas e 
aclimatação das pastagens às variantes ambientais. Nesse contexto, o presente trabalho teve como objetivo avaliar 
variáveis ecofisiológicas em Brachiaria decumbens, cultivadas em diferentes sistemas de manejo de pastagem em área de 
Cerrado do sul do Estado do Maranhão, Brasil. No experimento foi utilizado esquema fatorial 3x2x3, sendo constituído 
no primeiro fator: três sistemas de manejo de pastagem (sistema silvipastoril, rotacionado com regeneração nativa e 
extensivo), segundo fator: duas épocas do ano (seca e chuvosa) e terceiro fator (três horários do dia), em esquema de 
delineamento inteiramente casualizado, com nove repetições. Foram avaliadas: variáveis de eficiência fotoquímica, 
índice de performance e estimativa do teor de clorofila. Como resultado no estudo, observou-se que, o sistema 
extensivo, apresentou a maior quantidade das variáveis em estresse, apresentando assim comprometimento do aparato 
fotossintético, já o sistema silvipastoril, apresentou as melhores relações de eficiência fotoquímica e estimativa do teor 
de clorofila durante o dia e nas duas épocas do ano. A Brachiaria decumbens no sistema silvipastoril se mostrou com 
melhor eficiência ecofisiológica em todas as variáveis em relação aos outros sistemas, apresentando potencialidade 
nesse tipo de pastagem.

Palavras-chave: Brachiaria decumbens, eficiência fotoquímica, estimativa do teor de clorofila, sistema silvipastoril.
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INTRODUCTION 

The meat and milk production indexes are very 
low in Brazil. Several factors contribute to this situ-
ation, including low natural soil fertility, pasture 
degradation, and reduced availability of nutrients, 
such as phosphorus; as well as the water deficit 
due to the poor rainfall distribution throughout 
the year (Fagundes et al., 2005).

Animal production systems in Brazil must become 
more productive and sustainable. The challenges 
of the globalized market, requires investments 
in new technologies and environmentally viable 
production processes. The use of silvopastoral 
systems is a promising alternative to reduce prob-
lems from deforestation and ecosystem degrada-
tion (Martuscello et al., 2009).

The inappropriate use of pastures has led to exten-
sive degraded areas. Moreover, the increasing 
demand of society for environmentally sustainable 
production models has forced producers and the 
scientific community to look for new alternatives. 
Crop-livestock-forestry systems are viable alterna-
tives for the improvement and sustainability of the 
agricultural sector due to its effects on ecological 
and social processes (Carvalho et al., 1995).

Although, in system, arboreal and herbaceous 
species can compete for environmental resources 
such as water, light and nutrients. Thus, infor-
mation on plant ecophysiology is important for 
agriculture and livestock in order to understand 
the development and adaptation responses of the 
plants in different environments. In addition, it 
is necessary to develop management practices 
adapted to the productive capacity of forage plants 
in a given environment (Dias Filho, 2006).

Studies evaluating ecophysiological variables in 
silvopastoral systems are scarce. The objective of 
this study was to evaluate ecophysiological vari-
ables in Brachiaria decumbens grown in different 
grazing management systems in the Cerrado biome 
in the south state of Maranhão, Brazil.

MATERIAL AND METHODS

The study was carried out from April to October 
2013 in the municipality of São Francisco do Brejão, 
Maranhão, Brazil (5º7’24”S; 47º25’6’’W). 

The experiment was conducted in a completely 
randomized design with nine replications, using 
a 3×2×3 factorial arrangement consisted of three 
grazing management systems, two seasons (dry 
and rainy), and three evaluation times of the 
day (08:00 a.m., 12:00 p.m., and 04:00 p.m.). The 
three grazing management systems (treatments) 
consisted of a silvopastoral system (SS), a rotation 
with regeneration of native vegetation (RS), and an 
extensive system (ES).

The treatment SS had Brachiaria decumbens, Samanea 
saman, and Leucaena leucocephala. This treatment 
had padlocks, and the system was rotated every 
three months. Leucaena leucocephala was used as 
temporary feed for the cattle, and no supplemen-
tation was used during the dry season for the 
animals.

In the treatment RS, the Brachiaria decumbens was 
rotated every five months with native species 
of the Cerrado biome—Cecropia concolor, Clitoria 
fairchildiana, Dimorphandra mollis, Ormosia sp, 
Samanea saman, Senna reticulata, Solanum panicu-
latum, Tabebuia Serratifolia, Vernonia polyanthus, and 
Bauhinia sp. 

The treatment ES consisted of conventional 
grazing management, with permanent pasture of 
B. decumbens, and cattle raised extensively. The soil 
was prepared with harrowing.

The climate of the experimental area is Aw’, trop-
ical hot and humid, according to the Koeppen 
(1948) classification, with two well defined 
seasons—rainy and dry (LABGEO/LABMET, 2002). 
Climatological data of São Francisco do Brejão was 
collected by a mini-weather station (WatchDog 
2,900ET; Spectrum Technologies Inc., Illinois, USA) 
during the experiment period. The results showed 
monthly averages of the evaluated period: rainy 
season, temperature from 17.6ºC to 33.8ºC; relative 
humidity of 83.1%, and precipitation of 93.1 mm; and 
dry season, temperature from 16.6ºC to 37.2°C, rela-
tive humidity of 65.9%, and precipitation of 2.7 mm.
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Samples of B. decumbens plants of each evaluated 
system were collected to analyze their photo-
chemical efficiency; three leaves per plant were 
collected and evaluated at three times along 
the day. The analyses of fluorescence emission 
(initial photochemical efficiency (F0), maximum 
quantum efficiency of photosystem II (PSII) (Fv/Fm), 
and performance index (PI)) were carried out 
using the non-modulated Fluorometer Pocket-PEA 
(Hansatech Instruments Ltd, King’s Lynn, 
Norfolk, UK). Clips provide by the manufacturer 
were used to adapt the leaf tissue to the dark for 
thirty minutes for the reaction centers to reach the 
opened condition (oxidized Qa). Then, fluorescence 
was induced using a single strong one-second light 
pulse (3,500 μmol m-2 s-1), applied with three light 
emitting diodes (650 nm).

Plant vitality can be characterized by the photo-
synthetic index or performance index (PI). This 
variable was assessed by integrating three other 
independent variables: density of active reaction 
centers (RC) per unit of chlorophyll molecules in 
the antenna system of the PSII (RC/ABS); efficiency 
of the electron that reduced Quinone A (Qa) and 
entered into the electron transport chain (ET/
TR-ET); and ratio between the reduction capacity 
of Qa by the absorbed photon and the energy dissi-
pated as heat (Fv:F0). The variable PI indicates the 
activity of photosystems I and II, and provides 
quantitative information about the current state of 
leaf photochemical activity, and stress conditions 
(Strasser et al., 2000).

Estimation of chlorophyll content was performed 
using the chlorophyllometer SPAD-502 (Minolta, 
1989) on the same samples, simultaneously to the 
fluorescence emission analyses. Five point of each 
leaf were read, according to the method described 
by Swiader and Moore (2002).

The Assistat 7.6-beta software was used for the 
statistical analysis. The data were subjected to the 
Lilliefors normality test, then, the variables that 
presented normality (F0, Fv/Fm and SPAD) were 
subjected to ANOVA and compared by the Tukey’s 
test at 5% probability.

The performance index (PI) was subjected to the 
non-parametric analysis; Kruskal-Wallis and 
Man-Whitney tests at 5% probability were used 

to compare the means of the grazing manage-
ment systems, and the means of the dry and rainy 
seasons, respectively.

RESULTS AND DISCUSSION

The photochemical efficiency data revealed lower 
initial fluorescence (F0) for the B. decumbens in the 
silvopastoral system (SS) in the rainy season, at 
the three evaluation times, compared to the other 
two evaluated systems (Table 1). The plants of the 
SS treatment indicated stress only at the evalua-
tion time of 12:00 p.m. F0 values around 500 indi-
cate healthy plants, and above 550 indicate plants 
under stress, according to Gonçalves et al. (2005a). 

The F0 increased from 8.00 am to 12:00 pm and 
after decreased until 4:00 pm (Table 1). These data 
are similar to the results reported by Vieira et al. 
(2010), which found lower F0 values at 07:00 a.m., 
rising 8:00 am and keeping high until 4:00 am 
when it began to decline.

The B. decumbens in the SS treatment had higher 
maximum quantum efficiency of PSII (Fv/Fm) in 
the rainy season than in the other systems, with 
maximum of 0.82 at 08:00 a.m. (Table 2). The Fv/Fm, 
of all evaluated treatments, was below the optimal 
range for the photosynthetic process at 12:00 p.m.

Table 1 - Means of initial fluorescence (F0) in leaves of B. 
decumbens grown in silvopastoral system (SS), 
rotation system with regeneration of native 
cerrado vegetation (RS) and extensive system (ES) 
evaluated at three times of the day (08:00 a.m., 
12:00 p.m., and 04:00 p.m.) during the rainy and 
dry seasons

08:00 a.m.
F0

12:00 p.m. 04:00 p.m.

Rainy 
season

SS 474.99 dC 629.33 cA 508.70 cB
RS 517.00 cB 632.66 cA 628.70 bA
ES 530.33 cC 672.66 bA 602.03 bB

Dry 
season

SS 540.56 cC 657.23 bcA 625.16 bB
RS 584.76 bC 675.766 bA 633.06 bB
ES 652.80  aC 789.66 aA 730.73 aB

Average 550.07 676.13 621.40
CV(%) 2.60

For each season, averages followed by the same lowercase letter in the 
column and uppercase in the row do not differ by Tukey test (5%).
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According to Bolhar-Nordenkampf et al. (1989), 
when the plant has its photosynthetic apparatus 
intact, the Fv/Fm must be between 0.75 and 0.85; and 
a decrease in this variable may represent a photoin-
hibitory damage in the PSII reaction centers.

The Fv/Fm of the B. decumbens in the rotation 
system with regeneration of native cerrado vege-
tation (RS) and extensive system (ES) in the rainy 
season had similar results at 08:00 a.m. (0.73 and 
0.71, respectively) (Table 2). These results indicate 
a possible starting of damage to the photosynthetic 
apparatus. 

The results of this study confirm those found by 
Naumann et al. (2008), who reported a decreased 
Fv/Fm at 12:00 p.m., with a subsequent increase and 
stability of the photochemical efficiency from this 
time.

The Fv/Fm of the B. decumbens in the SS treatment 
had the best results at 08:00 a.m., both in the rainy 
(0.82) and dry (0.78) seasons, denoting a healthy 
photosynthetic apparatus. In the dry season, the 
Fv/Fm of the B. decumbens in the ES showed a greater 
decrease at 12:00 p.m. (0.51) and 04:00 p.m. (0.55).

Photosynthesis is affected by environmental 
conditions, such as temperature, humidity and 
wind speed. The soil water content is reduced and 
there are high temperatures in the dry season, 

which can be determining factors of stresses and, 
thus, decrease the quantum efficiency and reduce 
the crop productivity.

Ogaya (2011) performed an experiment simu-
lating climate changes for two shrub species and 
reported that temperature and relative humidity 
are the most important factors affecting the Fv/Fm, 

more than the water availability. The author found 
the lowest Fv/Fm in the winter, due to the cold and 
low relative humidity; however, the Fv/Fm was 
0.80 in ideal conditions of temperature and water 
availability.

In the rainy season, the B. decumbens in the SS 
presented the highest performance indexes (PI), 
followed by those of the RS and ES treatments 
(Table 3).

The best PI of the B. decumbens in the SS and RS 
may be explained by the trees presents in both 
systems that protected the grass from the high 
radiance conditions of the tropics; and the ES had 
only B. decumbens, making it more exposed to high 
temperature and light.

Gonçalves et al. (2005) stated that the reduction in 
the PI of plants subjected to high radiance indi-
cates loss of efficiency by photoinhibition. PI is 
considered a more sensitive parameter for the 
detection and quantification of stress in plants 
than the response of the maximum efficiency of 
PSII (Christen et al., 2007; Oukarroum et al., 2007).

The estimations of chlorophyll content (SPAD) of 
the B. decumbens in the SS and RS were similar 

Table 2 - Means of photochemical efficiency (Fv/Fm) in leaves 
of B. decumbens grown in silvopastoral system 
(SS), rotation system with regeneration of native 
cerrado vegetation (RS) and extensive system (ES) 
evaluated at three times of the day (08:00 a.m., 
12:00 p.m., and 04:00 p.m.) during the rainy and 
dry seasons

08:00 a.m.
Fv/Fm

12:00 p.m. 04:00 p.m.

Rainy 
season

SS 0.82 aA 0.64 aC 0.71 aB
RS 0.73 bcA 0.63 aB 0.71 aA
ES 0.71 bcA 0.67 aA 0.69 aA

Dry 
season

SS 0.78 abA 0.68 aA 0.66 aA
RS 0.69 cA 0.63 aA 0.66 aA
ES 0.69 cA 0.51 bB 0.55 bB

Average 0.73 0.63 0.67
CV(%) 4.81

For each season, averages followed by the same lowercase letter in the 
column and uppercase in the row do not differ by Tukey test (5%).

Table 3 - Performance Index (PI) in leaves of B. decumbens 
grown in silvopastoral system (SS), rotation system 
with regeneration of native cerrado vegetation (RS) 
and extensive system (ES), during the rainy and dry 
seasons

Rainy season Dry season
SS 196 aA 196 aB
RS 131 bA 119 bB 
ES 52 cA 62 bB 

CV(%)
Averages followed by the same lowercase letters in the columns and 
uppercase in the rows, which follow the rank sums, do not differ statistically 
from each other by the Kruskall-Wallis and Mann-Whitney tests, respectively, 
at the 5% probability level.
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throughout the day in the rainy season (Table 4); 
these results probably occurred due to the pres-
ence of trees of these systems that provided partial 
shade.

The plant adapt, degrading the chlorophyll to 
absorb less energy when subjected to a high light 
radiation. Contrastingly, the plants maintain high 
concentrations of chlorophyll to maximize the 
interception of light energy when subjected to a 
low light radiation (Nogueira et al., 2005).

Martuscello (2009) evaluated Brachiaria spp. under 
shading levels and the SPAD of all Brachiaria spp. 
responded linearly and positively to shading level. 

The SPADs of the B. decumbens in the SS and RS 
were similar in the dry season, which presents 
adverse conditions for plants. The B. decumbens 
in the ES had the worst SPAD, probably due the 
absence of trees in this area; the trees in the SS and 

RS shaded the plants, which may have contributed 
to the reduction of the B. decumbens transpiration, 
the interception of solar radiation can affect the 
microclimate pasture grows.

The water deficit is characterized as one of the 
environmental stresses responsible for changes in 
leaf pigments, by altering the chlorophyll and chlo-
rophyll b ratio, and the chlorophyll and carotenoid 
ratio. This is used, to a lesser extent, to diagnose 
senescence under water stress conditions (Hendry 
and Grime, 1993).

CONCLUSIONS 

The Brachiaria decumbens grown in silvopastoral 
management system had better ecophysiological 
efficiency for all evaluated variables, both in rainy 
and dry seasons, when compared to the other eval-
uated grazing management systems; consequently, 
this is a potential species for livestock production 
in this system.

The rotation system with regeneration of native 
cerrado vegetation proved to be a viable alternative 
in the livestock management, which provides good 
ecophysiological results for the B. decumbens.

The extensive system is not recommended as a 
grazing management system for B. decumbens, 
since it presented the worst results for the eval-
uated ecophysiological variables, and resulted in 
damage to the photosynthetic apparatus of the 
plants.
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