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Management of natural pasture increases native and exotic
herbaceous biomass and biodiversity in the Caatinga of Brazil
O manejo da pastagem natural incrementa a biomassa herbácea
nativa e exótica e a biodiversidade na Caatinga no Brasil
Jefte Arnon de Almeida Conrado1*; Ana Clara Rodrigues Cavalcante2; Rafael
Gonçalves Tonucci2; Alan Rocha Saldanha3; Magno José Duarte Cândido4
Abstract
The objective of this study was to evaluate the ability of savanna thinning and enrichment with grasses
to maintain local biodiversity and intensify biomass production in an area of Caatinga. The study
was carried out in a Caatinga area thinned into savanna and an unmanipulated area during the rainy and
rainy-dry transition seasons of 2016. The herbaceous biomass production, diversity, and equability of the
thinned and unmanipulated areas were evaluated by calculating values of the Shannon-Weaver (H′) and
Pielou (J′) indices. The establishment of massai and buffel grasses in the savanna-thinned area was
also evaluated. The area thinned into savanna produced more native herbaceous forage biomass in
both the rainy (1,940.55 kg ha-1) and rainy-dry transition seasons (1,918.55 kg ha-1) than that in the
unmanipulated area in the same periods (78.42 and 37.40 kg ha-1, respectively), without compromising
biodiversity, as the Shannon-Weaver and Pielou indices for the savanna-thinned area (H′ = 1.48 and
J′ = 0.62, respectively) and for the unmanipulated area (H′ = 1.29 and J′ = 0.72) were comparable.
The frequency of species with a known forage value in the area thinned into savanna was still able
to increase by 141% in the rainy season and 1,700% in the rainy-dry transition season. Massai grass
became better-established in the savanna-thinned area that buffel grass, where it produced up to 3 t of
dry matter ha-1. The thinning and enrichment treatments promoted an increase in the biodiversity of the
area, and moreover contributed to increases in forage biomass in the Caatinga.
Key words: Unmanipulated area. Massai grass. Buffel grass. Botanical composition. Enrichment.
Savanna thinning.

Resumo
Objetivou-se avaliar o raleamento em savana e o enriquecimento com gramíneas em uma área de
Caatinga mantendo a biodiversidade local e intensificando a produção de biomassa. Os estudos foram
conduzidos numa Caatinga raleada em savana e numa área não manipulada no período chuvoso que foi
dividido em duas épocas em 2016. Avaliaram-se a produção de biomassa herbácea, a diversidade e a
equabilidade pelos índices de Shannon - Weaver (H’) e de Pielou (J’) das áreas raleada em savana
e não manipulada. Foi ainda avaliado o estabelecimento dos capins massai e búffel na área raleada
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em savana. A área raleada em savana produziu mais biomassa de forragem herbácea nativa tanto na
época das águas (1.940,55 kg ha-1) quanto na época de transição águas-seca (1.918,55 kg ha-1) do que
a área não manipulada nas mesmas épocas (78,42 e 37,40 kg ha-1, respectivamente), sem comprometer
à biodiversidade, conforme os índices de Shannon-Weaver (H’ = 1,48) e Pielou (J’ = 0,62) para a área
raleada em savana e H’ (1,29) e J’ (0,72), para a área não manipulada. A área raleada em savana foi ainda
capaz de aumentar em 141% na época das águas e 1.700% na época de transição águas-seca, a frequência
de espécies de conhecido valor forrageiro. O capim-massai apresentou melhor estabelecimento do que o
capim-búffel, na área raleada em savana produzindo até 3 t de MS ha-1. O raleamento e o enriquecimento
promovem um aumento da biodiversidade da área, além de contribuir para o incremento de biomassa
de forragem.
Palavras-chave: Área não manipulada. Capim-massai. Capim-búffel. Composição botânica.
Enriquecimento. Raleamento em savana.

Introduction
The Caatinga is located in one of the most
densely populated semi-arid areas in the world. It is
also one of the most important agricultural biomes
in Brazil because it covers approximately 11% of
the entire national territory and generates countless
jobs (ALVES et al., 2009). However, the occurrence
of periodic and increasingly long-lasting droughts
is making plant production for agriculture in the
Caatinga more vulnerable to reductions.
Livestock is therefore becoming fundamental for
the development and growth of agriculture in this
region, mainly because it is more resilient to drought.
However, in the last few years it has been one of
the main causes of environmental degradation in
these areas in the world (LIMA et al., 2017). In the
Caatinga, livestock production has been the leading
cause of the extinction of native species, as it causes
erosion, compaction, and diminished infiltration
of water into the soil, and also contributes to the
rural exodus (SILVA et al., 2018). As increasingly
smaller and less productive areas remain available
to farmers, the use of forage resources by them
has been put under greater pressure, and without
sustainable options deforestation has been used
more and more intensively to provide for their
forage needs (MENDES et al., 2013).
In the 1980s, techniques were developed in Brazil
by Embrapa (the Brazilian Agricultural Research
Corporation) to manipulate the Caatinga to increase
its capacity to support forage crops and conservation

(SCHACHT; MALECHEK, 1989). Among the
manipulation methods developed, thinning has been
the most prominent for its capability to increase the
diversity of herbaceous plant communities, as well
as to promote increments greater than 76% in forage
biomass production. This manipulation technique
is characterized by the maintenance of a woody
cover of 40% for pastoral purposes and 20% for
agriculture (ARAÚJO FILHO et al., 2002).
However, no studies have been done that
aimed to improve production with this thinning
technique without compromising local biodiversity,
and research on this topic in arid and semi-arid
regions is still lacking (VEGA et al., 2017). In
addition, some problems with these efforts have
been identified, such as high labor costs, difficulty
establishing grasses suitable for enrichment, and
losses in the vigor of native plants. To solve some
of these problems, adapted forage species have been
inserted in some localities, with the aim to make
production systems more feasible (CAMPANHA et
al., 2011).
Buffel grass has been the forage grass most
frequently used to enrich the Caatinga, mainly
because it presents tolerance and adaptability to
drought. However, such limitations as the low purity
and germination of its seeds and its high competitive
aggressiveness could compromise the persistence of
native species in the Caatinga (MARSHALL et al.,
2012). Recently, massai grass, which was initially
developed for wetlands, has been identified as a
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promising candidate for use in the enrichment of
semi-arid
(CAVALCANTE
et al., 2014).
species inregions
the Caatinga
and their biodiversity.

The climate in the experimental area is semiarid,
of the BShw type according to the Köppen
classification system, with a rainy season from
Materials
andabove
Methods
Due to the
concerns, the objective of the
January to June. The annual mean temperature
present study was to evaluate the effects of savanna
Two trials were carried out at Embrapa Goatsisand
Sheep
in the
Sobral,
CE,total
Brazil,
from precipitation
January to
28°C,
and
mean
annual
thinning and enrichment on the forage biomass
is 759 area
mm. thinned
The soils
the studied
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and the second
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and
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in the Caatinga
and their
Arctic Hipocromic Luvisol, with a clayey texture
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was done only in an area thinned into savanna at an altitude of 159 m. The treated area was thinned in 1997,
(AGUIAR et al., 2014).
and covered approximately three hectares.

The chemical composition of the soil in the 0-10
in the experimental area is semiarid, of the BShw type according to the Köppen
MaterialsThe
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Methods
cm layer was as follows: pH = 6.9; organic matter
classification system, with a rainy season from January to June. The annual mean
temperature is-328°C, and
-3
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the soil exempted us from needing to carry out fertilization practices at the time of the experiment. The
savanna at an altitude of 159 m. The treated area (temperature (maximum, average, and minimum),
climatic
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the studied
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Figure
1. Maximum,
average,
and minimum
temperature
(°C),point
dew(°C),
point
andcumulative
weekly cumulative
Figure
1. Maximum,
average,
and minimum
temperature
(°C), dew
and(°C),
weekly
precipitation
precipitation
(mm) at the
experimental
site in the year 2016.
(mm)
at the experimental
site
in the year 2016.
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Trial 1

characteristics of the herbaceous and woody strata

The following treatments were implemented:
Caatinga
areas in
were
thinned into
into savanna
savanna or
were
evaluated
the either
area thinned
and

The following treatments were implemented:
left as unmanipulated Caatinga (control). The phytosociological,
andseasons,
structural
of 1
the control botanical,
area in two
thecharacteristics
rainy (January
Caatinga areas were either thinned into savanna
March
31,into
2016)
and and
rainy-dry
transition
the herbaceous
and woody strata
were evaluated
in thetoarea
thinned
savanna
the control
area in(April
two
or left
as unmanipulated
Caatinga
(control).
1
to
June
30,
2016)
seasons,
as
shown
in
Figure
2.
seasons, the rainy (January
1 to March
2016) and rainy-dry transition (April 1 to June 30, 2016) seasons,
The phytosociological,
botanical,
and 31,
structural
as shown in Figure 2.

Figure 2. Savana-thinned (A) and unmanipulated (B) areas in the rainy season; savanna-thinned (C) and unmanipulated
Figure
2. rainy-dry
Savana-thinned
(A)season;
and unmanipulated
(B) (E)
areas
the rainy
savanna-thinned
(C) and
(D) areas
in the
transition
and buffel grass
andinmassai
grassseason;
(F) managed
in the Caatinga
area
thinnedunmanipulated
into savanna. (D) areas in the rainy-dry transition season; and buffel grass (E) and massai grass (F)
managed in the Caatinga area thinned into savanna.

(A)

(B)

(C)

(D)

(E)

(F)
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where R.D. is the relative density, S.D. is the specific density, an
∑
)
, (4)
(
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where TFB is the total forage biomass and AR is
the accumulated rainfall.
All data were assessed for normality with
the Shapiro-Wilk’s test (P<0.05), and for
homoscedasticity with the Bartlett’s test (P<0.05).
The structural and physiological characteristics’
data were submitted to analysis of variance
(ANOVA). Interactions were interpreted when they
were found to be significant by the F-test (P<0.05),
and means were compared using the Tukey’s test
(P<0.05). The number of live leaves per tiller
(NLL) data from Trial 2 were transformed to meet
assumptions of ANOVA by the equation: Y ‘= y2
. Descriptive statistics were also calculated for
the phytosociological and botanical composition
parameters. As a tool for statistical analysis, the
MIXED procedure of the software SAS version 9.3
(SAS INSTITUTE, 2005) was used, treating both
the manipulation of the Caatinga and exotic species
as fixed effects.

Results and Discussion
Trial 1
The thinning of the Caatinga into savanna
stimulated the emergence of herbaceous species
in both the rainy and rainy-dry transition seasons
(Table 1), opening the potential for the emergence
of new species. According to Aguiar et al. (2013),
increases in floral biodiversity in semi-arid and
arid environments promote greater sustainability
in these regions, which are characterized mainly by
low precipitation and biomass production and high
temperatures, to introductions.
For the period of lower rainfall (rainy-dry
transition) (Figure 1) in the area thinned into
savanna, 14 species were identified, with Phaseolus
patyroides Linnaeus standing out with a frequency
of 20.8%. This is a forage species of great nutritional
value, which can be used in animal feeding
(PEREIRA FILHO et al., 2013). For the control
area, 3 species were identified in the same season,
with Senna obtusifolia Link. Irwin & Barneby
found with a frequency of 100%. According to
Pereira Filho et al. (2007), this species is an annual
herbaceous legume that is very common in dry
periods, but is not accepted well by animals.

Table 1. Botanical identification (family and scientific name) and absolute frequency (A.F., %) of species of the
herbaceous stratum in two seasons (rainy and rainy-dry transition); and absolute frequency (A.F. %), specific density
(S.D,, individuals ha-1), and total density (individuals ha-1) of species of the woody stratum in the rainy season in the
Caatinga area thinned into savanna (Thin.) and the unmanipulated control area (Contr.) in Sobral, CE in 2016.

Famíly

Asteraceae
Costaceae
Commelinaceae
Convolvulaceae
Convolvulaceae
Combretaceae

N°

01
02
03ǂ
04
05ǂ
06ǂ

Scientific name
Herbaceous stratum
Bidens pilosava. Minor Blume Sherff.
Costus spiralis. Jacq
Commelina nudiflora Linnaeus
Ipomoea asarifolia Desr. Roem. & Schult
Jacquemontia gracillima Choisy. Hallierf.
Combretum leprosum Martius

A.F. (%)
Rainy
Rainy-dry trans.
Thin. Contr. Thin.
Contr.
2.10
2.10
0.00
12.50
0.00
0.00

5.00
0.00
6.70
15.00
36.70
3.30

8.30
0.00
6.20
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
continue
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Euphorbiaceae
Euphorbiaceae
Equisetaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Hypoxidaceae
Lamiaceae
Malvaceae
Malvaceae
Oxalidaceae
Poaceae
Poaceae
Portulacaceae
Rubiaceae.
Verbenaceae
Verbenaceae

07
08
09
10ǂ
11ǂ
12ǂ
13ǂ
14ǂ
15ǂ
16ǂ
17ǂ
18
19ǂ
20
21
22
23
24
25
26ǂ
27ǂ
28
29
30
31

Croton sonderianus Muell.Arg
Cnidoscolus urens Link. Arthur
Equisetum hyemale Lehm.
Arachis dardani Krapov. & Wing. Coutu. Gregory
Canavalia brasiliensis Mart. Benth.
Cajanus cajan Link Millsp
Poincianella pyramidalis Tui.
Mimosa caesalpiniaefolia Benth.
Mimosa modesta Martius.
Mimosa tenuiflora Wild. Poir.
Phaseolus patyróides Linnaeus
Senna obtusifolia Link. Irwin & Barneby
Stylosanthes spp
Senna trachypus Benth. Irwin & Barneby
Hypoxis decumbens Lehm
Hyptis suaveolens Link Poit.
Herissantia tiubae Schum. Brizicky
Wissadula spicata Kunth. C.Presl
Oxalis glaucescens Norl.
Anthephora Hermaphrodita Link. Kuntze
Brachiaria plantaginea Link. Hitchc
Portulaca oleracea Linnaeus
Borreria verticillata L. G.Mey
Lantana camara Linnaeus.
Lippia alba Mill. Brown
Woody stratum

32
Anacardiaceae
Myracrodruon urundeuva Allemão
ǂ
33
Boraginaceae
Cordia oncocalyx Allemão
ǂ
34
Combretaceae
Combretum leprosum Martius
35
Euphorbiaceae
Croton sonderianus Mull. Arg
36ǂ
Euphorbiaceae
Manihot glaziovii Mull. Arg
37
Fabaceae
Anadenanthera colubrina Vell Brenam
38
Fabaceae
Amburana cearensis Allemão.Smith
39
Fabaceae
Dioclea virgata Rich.
ǂ
40
Fabaceae
Mimosa tenuiflora Willd. Poir
ǂ
41
Fabaceae
Mimosa Caesalpinifolia Benth
42ǂ
Fabaceae
Poincianella pyramidalis Tui.
-1
Total density (individuals ha )
ǂ

2.10
11.70
4.10
0.00
13.50
1.70
64.60
8.30
10.40 21.70
9.40
0.00
6.20
0.00
4.10
0.00
4.20
0.00
33.30
0.00
0.00
0.00
24.00 75.00
0.00
3.30
0.00
1.70
33.30
5.00
91.70 25.00
0.00
0.00
8.30
41.70
60.40
3.30
35.40
0.00
79.20 21.70
10.40
6.70
0.00
0.00
97.90 63.30
10.40
1.70
A.F (%)

0.00
0.00
0.00
2.00
0.00
0.00
4.20
4.20
0.00
8.30
20.80
16.70
4.20
0.00
0.00
95.80
6.20
0.00
0.00
0.00
0.00
2.10
4.20
2.00
0.00

S.D (individuals ha-1)

Thin.

Contr

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

0.00
4.00
100.00 105.00
100.00 4.00
100.00 1.00
0.00
1.00
0.00
14.00
0.00
2.00
0.00
8.00
100.00 2.00
100.00 20.00
100.00 21.00
182.00

Thin.

Identification number given to each species according to the alphabetical order of its family (N°) in this study.
ǂ
Forage species.

874
Semina: Ciências Agrárias, Londrina, v. 40, n. 2, p. 867-884, mar./abr. 2019

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.10
100.00
0.00
0.00
0.00
2.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Contr.
0.00
33.00
94.00
628.00
0.00
0.00
0.00
0.00
50.00
83.00
211.00
1,099.00
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The savanna thinning treatment provided an
environment for herbaceous plants that favored the
best use of such abiotic factors as light, temperature,
and humidity by them, which improved the
performance of their photosynthetic processes,
especially in forage plants (Table 1). According to
Campelo et al. (2015), low water availability and
humidity, high temperature, and/or high coverage
of the woody stratum, affects the photochemical
and biochemical reactions that are directly linked
to stomatal closure. This increase in the savannathinned area was especially large in plants of the
family Fabaceae, while in the control area this

number was lower (Table 2). According to Freitas
et al. (2011), the soils of semiarid regions are
poor in nitrogen, and the emergence of fabaceaen
plants becomes fundamental to the sustainability
of production systems there because, besides
fixing nitrogen, these species also have high levels
of crude protein. Another factor is the protection
generated for the soil against climatic adversities.
Removal of pre-existing vegetation in semi-arid
regions reduces soil porosity and density, leading to
impaired soil water infiltration, which compromises
the appearance of native species (SILVA et al.,
2018).

Table 2. Functional groups (forage and non-forage species) of the herbaceous and woody stratums of the Caatinga
area thinned into savanna (Thinned) and the unmanipulated area (Control) in Sobral, CE in the rainy season of 2016.

Functional group

Herbaceous forage

Non-herbaceous
forage

Family

Commelinaceae
Convolvulaceae
Combretaceae
Fabaceae
Poaceae
Asteraceae
Costaceae
Convolvulaceae
Euphorbiaceae
Equisetaceae
Fabaceae
Hypoxidaceae
Laminaceae
Malvaceae
Oxalidaceae
Portulaceae
Rubiaceae
Verbenaceae

Minimum and maximum absolute frequency variation
(%) of the herbaceous stratum
Identification
Nº of the herbaRainy-dry transition seaRainy season
ceous species
son
Thinned
Control
Thinned
Control
03
0-0
0-6.70
0-6.20
0-0
05
0-0
0-36.70
0-0
0-0
06
0-0
0-3.30
0-0
0-0
10 to 17 and 19
0-64.6
0-21.70
0-20.80
0-2.10
26 and 27
35.40-79.20
0-21.70
0-0
0-0
01
0-2.10
0-5.00
0-8.30
0-0
02
0-2.10
0-0
0-0
0-0
04
0-12.50
0-15.00
0-0
0-0
07 and 08
2.10-4.10
0-11.70
0-0
0-0
09
0-13.50
0-1.70
0-0
0-0
18 and 20
0-24.00
1.7-75
0-16.70
0-100.00
21
0-33.30
0-5.00
0-0
0-0
22
0-91.70
0-25.00
0-95.80
0-2.10
23 and 24
0-8.3
0-41.70
0-6.20
0-0
25
0-60.40
0-3.30
0-0
0-0
28
0-10.40
0-6.70
0-2.10
0-0
29
0-0
0-0
0-4.20
0-0
30 and 31
10.40-97.90 1.7-63.30
0-2.00
0-0
continue
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Functional group

Woody forage

Non-woody forage

Family
Anacardiaceae
Boraginaceae
Combretaceae
Euphorbiaceae
Fabaceae
Euphorbiaceae
Fabaceae

Minimum and maximum absolute frequency variation
Identification
(%) of the woody stratum
Nº of the woody
species
Thinned
Control
32
0-100.00
0-0
33
0-100.00
0-100.00
34
0-100.00
0-100.00
36
0-100.00
0-0
40 to 42
0-100.00
0-100.00
35
0-100.00
0-100.00
37 to 39
0-100.00
0-0

Identification number were given to the species according to the alphabetical order of their family in Table 1 (N°).

The species of the family Fabaceae that occurred
with the highest frequency in the savanna-thinned
area in the rainy season was Arachis dardani
Krapov. & Wing. Coutu. Gregory, and in the rainydry transition season the most abundant species
was Phaseolus patyroides Linnaeus, while in the
control area only the latter of these species was
found. These species are classified as forage, and
have good nutritional value. This demonstrates
that thinning, through its effects on percent woody
coverage, was able of keep the coverage and density
of non-forage species down in a way that did not
interfere with the growth and development of forage
species. According to Souza et al. (2010), light
and temperature are the main propellants for the
germination of species in the Caatinga other than
humidity.
Among all the herbaceous species identified, the
one that was found at the highest frequency in both
the savanna-thinned area and in the control area
during the rainy season was Lantana Camará Link.,
with frequencies from 97.9% to 63.3% in the rainy
season but reduced to 2% and 0% in the rainy-dry
transition season. In the rainy-dry transition season
in the savanna-thinned area, the species Hyptis
suaveolens Link. Poit and Senna obtusifolia Link
Irwin and Barneby, with occurrence frequencies
of 95.8% and 100%, respectively, in the control
area, were the ones found at the highest frequency

there. Reductions in precipitation and increases in
temperature activate the flowering of most of the
herbaceous species of the Caatinga, favoring their
reproductive phenology, which contributes to their
rapid disappearance (ARAÚJO et al., 2011).
Among the families of the woody stratum, the
presence of Anacardiaceae was only detected in the
savanna-thinned area, and the species Myracrodruon
urundeuva Allemão presented the highest number
of trees there (Table 1).
The thinning of the savanna area promoted an
increase in the frequency of herbaceous forage
species of 141% in the rainy season and 1,700% in
the rainy-dry transition season when compared to
the control area. The frequency of forage species of
the family Poaceae presented a minimum variation
of 35.4% and a maximum variation of 79.2% in
their A.F. (Table 2). Out of the species in this family,
Anthephora hermaphrodita Link. Kuntze was
the one with the highest absolute frequency. This
species is an annual that is highly appreciated by
animals; its development is stimulated by the solar
radiation that favors the germination of its seeds,
causing greater tillering with less coverage (SILVA
et al., 2011).
It should also be mentioned is that the increased
biodiversity in the thinned area can contribute to
countless other benefits in the short and long term.
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According to Tilman et al. (1997), an increase in
the number of species contributes to reductions
in the nitrate in the soil, which may lead to future
environmental problems.
For the variables that attested to the diversity
(Shannon-Weaver, H′) and equability (Pielou, J′)
of the plant community, the thinned area presented
values close to those of the control area. These
indices and their similar values showed that savanna
thinning maintains local diversity at a level similar

to that of an area without exploitation (native),
contributing to its sustainability. Differences
between treatments were observed (P<0.05) in the
structural variables DB, DBH, and height of the
woody stratum (Table 3), with the area thinned into
savanna presenting the highest values. These higher
values are possibly associated with the low density
of the woody stratum in the savanna-thinned area
(Table 1), which contributed to an increase in woody
growth over the years.

Table 3. Structural variables (DB, DBH, and height) and Shannon-Weaver (H′) and Pielou (J′) indices of the woody
stratum in the Caatinga area thinned into savanna (Savanna thinned) and the unmanipulated area (Control) in Sobral,
CE in 2016.
Variables
H′
J′
DB (cm)
DBH (cm)
Height (m)

Savanna-thinned
Diversity and equability indices
1.48
0.62
Structural variables
18.60a
11.20a
5.00a

Control
1.29
0.72
5.96b
3.30b
2.80b

Means followed by different letters in the same row for each structural variable significantly differed according to Tukey’s test
(p<0.05).
Abbreviations: diameter at base height (DB, cm) and diameter at breast height (DBH, cm).
When a significant effect was detected, the letters are presented to the left of the means in the table.

The thinning of the area into savanna favored
increases in forage biomass (P<0.05) in both
the rainy and rainy-dry transition seasons. This
response was mainly due to the increase (P<0.05) in
the growth of herbaceous dicotyledonous plants by
45.2% in the rainy season and 39.6% in the rainydry transition season, as well as that of herbaceous
monocotyledons, especially in the rainy season
(Table 4).
A significant interaction between treatment and
season was observed (P<0.05) for the variable total
soil coverage, with the rainy season having the
highest mean values and the rainy-dry transition
season the lowest, but there was only a significant
difference (P<0.05) between the rainy and rainy-dry

transition seasons. These responses were due to the
reduced rainfall over the evaluated seasons (Figure
1) and the presence of a more favorable environment
for herbaceous species offered by savanna thinning,
mainly because it maintains a coverage of 40%.
There was a significant effect (P<0.05) on the
variable coverage by herbaceous monocotyledons
in the savanna-thinned area. Savanna thinning
promoted better light conditions for these species,
presenting an average IPAR of 87%, while the
control area presented 97%. Although the value in
the area thinned into savanna was smaller, a greater
part of the radiation absorbed was captured by the
herbaceous species in the thinned area, while in
the control area more was captured by species in
877
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the shrub-arboreal stratum, and this difference was
reflected in the appearance of forage species. Out of
the forage species that developed in the area thinned
into savanna, Brachiaria plantaginea (Link) Hitch,
with a frequency higher than 79% (Table 1) and
an ephemeral cycle with an average duration of 21
days, deserves special mention because it is highly
appreciated by animals and is of good nutritive
value (SILVA et al., 2011).
There was also a significant difference (P<0.05)
in the LAI variable. Thinning into savanna resulted

in plants with the lowest mean LAI, while those
in the control area had the highest LAI. The low
frequency and low volume of rainfall (Figure 1)
promoted a decrease in the leaf area during the
evaluated seasons in the area thinned into savanna,
as well as in the control area. This is an adaptive
response to a lack of water by most species.
According to Seddaiu et al. (2013), the presence of
the woody component favors the conservation of
the soil and improves crop productivity, reducing
the impacts of out of season summers.

Table 4. Coverage components, biomass, height, leaf area index, and interception of photosynthetically active
radiation of the herbaceous stratum in the Caatinga area thinned into savanna and the unmanipulated (Control) area
in Sobral, CE in 2016.
Manipulation

Rainy season

Thinned into savanna
Control
Mean
Thinned into savanna
Control
Mean
Thinned into savanna
Control
Mean
Thinned into savanna
Control
Mean
Thinned into savanna
Control
Mean
Thinned into savanna
Control
Mean

Rainy-dry transition season
Total soil Coverage (%) (CV = 22.73%)
61.35Aa
45.83Ab
64.48Aa
37.92Bb
62.92
41.88
Herbaceous monocot coverage (%) (CV = 150.00% )
9.85Aa
0.003Ab
1.77Ba
0.00Aa
5.81
0.01
Herbaceous dicot coverage (%) (CV = 47.00%)
45.21
39.58
21.36
14.38
33.28ª
26.98ª
Litter coverage (%) (CV = 79.00%)
Ba
6.08
6.67Ba
41.56Aa
23.55Ab
23.82
15.11
Total forage biomass (TFB, kg ha-1, CV = 104.00%)
1,940.55
1,918.55
78.42
37.40
1,009.50a
978.18a
Litter biomass (BL, kg ha-1) (CV = 82.00%)
1,033.33Ba
170.00Ab
1,777.50Aa
640.00Ab
1,402.92
405.00

Mean
53.59
51.20

4.93
0.89

42.40ª
17.87B

6.37
32.55

1,929.75A
57.91B

601.67
1,206.25

continue
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Thinned into savanna
Control
Mean
Thinned into savanna
Control
Mean
Thinned into savanna
Control
Mean

Height of the herbaceous stratum (cm) (CV = 87.00%)
19.35Ab
77.96Aa
48.65
Aa
Ba
12.86
16.04
14.45
16.11
47.00
Leaf area index (LAI) (CV = 52.41%)
4.79
1.46
3.13B
7.04
3.14
5.10A
5.92a
2.30b
Interception of photosynthetically active radiation (IPAR, %) (CV = 18.00%)
87.13
59.92
73.52B
97.25
78.92
88.10A
92.19a
62.42b

Means followed by different upper-case letters in the same column and different lower-case letters in the same row for each variable
differed significantly according to Tukey’s test (p<0.05).
When a significant interaction was detected, the letters are presented at the center of each variable and not by the mean values, and
when no significant interaction was observed the letters are presented only by the mean values.

There were significant differences (P<0.05) in
the variables litter coverage (%) and litter biomass
(kg ha- 1), in that plants in the area thinned into
savanna had the smallest average values of these
variable, while those in the control area had the
highest averages (Table 4). This response is due
to the presence of a larger number of deciduous
trees and shrubs (especially Croton sonderianus
Muell.Arg, a shrub that was present at densities
of 628 plants ha-1) (Table 1), which was reflected
in patterns of biomass production (kg ha-1). The
increase in rainfall during the rainy season created
an environment favoring the decomposition of litter.
According to Lima et al. (2015), moisture favors the
growth of microorganisms that act directly on the
decomposition of litter.
The greater coverage in the control area did not
allow the heights of herbaceous species to increase.
This pattern was strongly influenced by the presence
of the species Hyptis suaveolens Link. Poit, which
occurred with a frequency of more than 90% in the
area thinned into savanna (Table 1).
The high coefficients of variation (CV) observed
in this study could be attributed to the fact that it
was carried out in rangeland pasture located in a

biome with high biodiversity that was affected by
the region’s characteristic climatic variation.
Trial 2
There were significant differences (P<0.05)
between species in the variables total forage biomass
production (TFB), dry leaf blade biomass (DLB),
number of live leaves per tiller (NLL), and leaf
area index (LAI), with massai grass presenting the
highest means for these variables (Table 5). Lopes et
al. (2014), when evaluating massai grass, observed
that it was able to allocate more photoassimilates
to its tillers when cultivated in ideal conditions,
ensuring good soil structure. Cavalcante et al. (2014)
observed that after 90 days of deferring, 2,000 kg
ha-1 of massai grass could be produced, with 90%
of this biomass represented by the green leaf blade
fraction. Other benefits that the ideal coverage of
the woody stratum brings to the grasses in semiarid regions are: increased nutritional value, since
it improves the environment for the soil microbiota,
which increases nitrogen mineralization (GUERRA
et al., 2016); and improved water use efficiency, as
it minimizes the climatic intensity (KASSA et al.,
2017).
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The physiological variables evaluated in this
study did not differ between grass species (P>0.05)
(Table 5). The fact that they were two plants that
used the same photosynthetic system (C4) and were
subjected to the same conditions of climate and
management, as well as the fact that measurements
were taken at the same day and time on similar
leaves, may have been responsible for this result.
The low precipitation in semi-arid regions may
influence the physiological processes of plants
that regulate the turgor pressure of their cells
and stop their vegetative growth, but this is more
pronounced if plants of different photosynthetic
groups are compared (TAIZ; ZEIGER, 2004).
The fact that the two studied grasses did not differ
significantly demonstrates that massai grass also
presents drought resilience characteristics, mainly
in its water use efficiency, which according to Silva
et al. (2017) is one of the main characteristics of
buffel grass. Because these grasses were cultivated
in a region characterized by high climatic variation
within the rainy season, the high variation implied
by the CVs of the analyzed variables was attributed
to these factors.
The grasses inserted in the thinned area, due
to their C4 photosynthetic mechanism, used water
and captured solar radiation incident on the top of
the canopy more efficiently than plants with the C3
mechanism; moreover, the presence of the woody
stratum in the area allows the quantum efficiency of

photosystems to be improved. Ramos et al. (2018),
when evaluating the grass Brachiaria decumbens in
different manipulated areas, observed that when the
grass was cultivated in an area containing a woody
stratum it had a better quantum efficiency (0.82)
of photosystem II (Fv/Fm) than when grown in a
deforested area. According to those authors, values
lower than 0.75 denote photoinhibitory damage in the
PSII reaction centers. Improvements in these indices
contribute to the production of forage biomass in
the rainy season, which in turn can be used during
the dry season. According to Barreto et al. (2010),
the unmanipulated Caatinga currently produces
only 4,000 kg ha-1 year-1 of dry matter, and only 400
kg ha-1 of this is available as pasture. In addition,
thinning favors increased animal productivity and
the improved productive capacity of the soil, which
besides reducing the use of agricultural inputs
also promotes reduced emissions of pollutants
to the atmosphere without reducing biodiversity.
Formiga et al. (2012), evaluating buffel grass in a
thinned area, observed that when compared to the
grass Andropogon gayanus, this species occurred
at the highest frequency in the area, and this was
associated with its high adaptability. Moreover,
it could be inferred that massai grass presented a
superior response to that of buffel grass in this
study, making it an excellent alternative for use in
the production of biomass in the long term, without
contributing to the loss of native biodiversity.

Table 5. Structural and physiological variables of massai grass and buffel grass cultivated in a Caatinga area thinned
into savanna in Sobral, CE in the rainy season of 2016.

Variable
TFB (kg ha-1)
DLB (kg ha-1)
DBS (kg ha-1)
DFB (kg ha-1)
PDT (plants/m²)
NLL

Massai grass
3,006.50
1,920.70
712.70
373.10
550.00
0.09 (3.30)

Structural
Buffel grass
1,885.40
568.30
789.20
515.30
350.00
0.07 (3.75)

Mean
----------750.10
444.20
450.00
------

CV (%)
22.60
29.00
14.10
27.30
17.80
10.00

P-value
0.0284
0.0018
0.3457
0.1478
0.0549
0.0247
continue
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IPAR (%)
LAI
Height (cm)
RUE

0.40ª
2.50ª
24.60
7.10

0.70ª
0.20b
22.40
4.50
Physiological
Massai grass
Buffel grass
33.40
33.50
209.00
195.30
0.90
0.60
0.10
0.10
4.20
4.60
25.10
27.80
0.02
0.04
6.70
6.50

Variable
Tleaf (°C)
Ci (ppm)
E (mmol•m-2•s-1)
gs (mol•m-2•s-1)
A (µmol•m-2•s-1)
SPAD
A/Ci
A/E

0.55
-----23.50
5.80

32.40
51.00
24.30
25.80

<.0001
0.0039
0.6155
0.1270

Mean
33.50
202.20
0.80
0.10
4.40
26.50
0.03
6.60

CV (%)
6.50
44.90
88.10
104.90
60.40
15.70
119.70
53.30

P-Value
0.9254
0.8376
0.6050
0.4743
0.8408
0.3934
0.4100
0.9304

Means followed by the same lowercase letter in the same row did not significantly differ according to Tukey’s test (P>0.05). The
variable number of live leaves per tiller (NLL) was transformed by the equation: Y = Y-2. The numbers in parentheses and in italics
represent the original values of the estimates.
Abbreviations: total forage biomass (TFB); dry leaf biomass (DLB); dry biomass of green stem (DBS); dry forage biomass (DFB);
population density of tillers (PDT); leaf area index (LAI); interception of photosynthetically active radiation (IPAR); rainfall use
efficiency (RUE); internal leaf temperature (Tleaf); internal concentration of carbon dioxide (Ci); leaf transpiration rate (E); stomatal
conductance (gs); photosynthetic rate (A); relative index of chlorophyll a and b (SPAD); rate of carboxylation (A/Ci); and intrinsic
water use efficiency (A/E).
When a significant effect was detected, the letters are presented to the left of the means in the table.

Conclusions
Thinning is a viable way to intensify management
and increase forage production in the Caatinga, as
it favors quantitative increases in forage biomass
and the abundance of native herbaceous species,
including both mono- and/or dicotyledonous
species, while also allowing for the use of exotic
species to improve the herbaceous stratum and
increasing the production of forage even further.
This was reflected in the observed increase in the
support capacity of the area without compromising
the biodiversity of the exploited biome.
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