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SUMMARY

Even when considered a modern cultivation system, silvopastoral systems can be rapidly degraded if some cares, mainly related to
weed control, are not observed at the early stages of establishment of this system. The present work had the objective of evaluating
the use of forage legumes on weed suppression and on the initial development of Teak (7ectona grandis) when implementing a
silvopastoral system. Four legume species were used, namely: pinto peanut (Arachis pintoi), Brazilian stylos (Stylosanthes guianensis),
cowpea (Vigna unguiculata) and pigeon pea (Cajanus cajan), which were compared with three weeding regimes: (i) mowing, (ii)
hand weeding, and (iii) zero weeding (unweeded plot). The experiment was laid out in a randomized complete-block design with
four replications. Each experimental plot consisted of the length corresponding to four Teak plants by four meters in width. Weed
suppression assessments were carried out at the end of the annual growing period, represented by the high rainfall season in the
region. Weed species were identified and quantified. The weed dry matter produced by found species was determined. Teak plants
development was assessed by measuring plants height, stem diameter at the plants neck and breast height in a 2-year period. Pinto
peanut and Brazilian stylos put little competitive pressure on weeds, although they produced the largest quantities of organic matter
and available nitrogen in the soil and did not interfere in the growth variables of the teak component.
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RESUMEN

Aun siendo considerado un sistema de cultivo moderno, los sistemas silvopastoriles pueden degradarse rapidamente si no se observan
algunos cuidados, principalmente, relacionados con el control de malezas, en las primeras etapas de establecimiento de este sistema.
El presente trabajo tuvo como objetivo evaluar el efecto del aprovechamiento de leguminosas forrajeras en la supresion de malezas
y en el desarrollo inicial de la Tectona grandis en la implementacion de un sistema silvopastoril. Se utilizaron cuatro especies de
leguminosas: Arachis pintoi, Stylosanthes guianensis, Vigna unguiculata y Cajanus cajan, que se compararon con tres regimenes
de deshierbe: siega, desyerbado a mano y cero deshierbe (parcela sin deshierbe). El experimento se dispuso en un disefio de bloques
completos al azar con cuatro repeticiones, y cada parcela experimental consistio en la longitud correspondiente a cuatro plantas teca
por cuatro metros de ancho. Las evaluaciones de supresion de malezas se llevaron a cabo al final del periodo de crecimiento anual,
representado por la temporada alta de lluvias en la region. Se identificaron, cuantificaron las especies de malezas y se determind
la materia seca de malezas producidas por las especies encontradas. El desarrollo de las plantas de teca se evalu6 midiendo la
altura de las plantas, el diametro del tallo en el cuello de las plantas y en la altura del pecho en un periodo de dos afos. El 4. pintoi
y los S. guianensis ejercen poca presion competitiva sobre las malezas, pero no interfieren en las variables de crecimiento de la
T. grandis.

Palabras clave: Tectona grandis, diversidad floristica, malezas, manejo.
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INTRODUCTION

Monoculture systems have become a problem for
agriculture and livestock worldwide due to its direct re-
lationship with yield losses, increased occurrence of in-
sects, diseases, weeds and degradation of soil and natural
resources (Macedo 2009). In this scenario, the integrated
Crop-Livestock-Forest (iCLF) strategy emerged, which
has been indicated as an alternative to reconcile society’s
most diverse conflicts of interest because it aims at inte-
grating sustainable production with preservation of agro-
ecosystems (Albuquerque ef al. 2017).

Silvopastoral systems (SPS) are an example among va-
rious models that have been developed, consisting of a set
of production activities that include forestry and livestock
in the same area, thus being considered a highly sustainable
activity. Hence, silvopastoral systems appear as part of the
solution to existing problems and are characterized by the
integrated production of animal protein, fibers and renewa-
ble energy in the same production unit (Balbino ez al. 2011).

Teak (Tectona grandis Linn F.) is an exotic tree species
native to Southeast Asian countries and is widely used in
SPS areas in Brazil (Madi ef al. 2020). This species has
fast growth and hard wood. The trunk shape and characte-
ristics are associated with local adaptation and its growth
rate at the initial development stages (Schuhlim and Palu-
dzyszyn Filho 2010).

Even when considered a modern cultivation system,
SPS undergoes rapid degradation if appropriate care is not
provided early during the system implementation. Con-
sidering the slow growth rate of species like teak, weed
control can be pointed out as one of the major difficulties
encountered during the early stages of SPS implementa-
tion (Pereira et al. 2016). These plants can exert strong
competition for water, nutrients and space, impairing the
initial development of the forest component used (Mar-
ques et al. 2019).

There are several ways to perform weed management,
and mechanical and chemical methods are the most com-
mon procedures used in SPS. However, both methods
have the disadvantage of being palliative, i.e. they are
effective for a short period of time and may cause environ-
mental contamination, as is the case of use of herbicides in
the chemical method (Marchi ef al. 2018).

Considering the sustainability premise, a potential al-
ternative for use would be the introduction of more than
one plant component into the SPS via intercropping, with
the purpose of providing soil coverage associated with a
long period of suppression of spontaneous vegetation, as
long as such association does not interfere adversely with
the development of the forest component. Some legumi-
nous species have these characteristics and represent a
viable alternative for intercropping when the forest com-
ponent seedlings are planted (Santos ef al. 2018).

Therefore, there is a need to generate scientific
knowledge to support and examine the use of leguminous
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plants intercropped with diverse forest species used in SPS
implementation, considering the lack of works on this to-
pic in literature. Given the above, this work aimed at deter-
mining the possibility of using leguminous forage plants
intercropped with teak plants to suppress weeds, when a
silvopastoral system is implemented, and their effect on
soil chemical characteristics.

METHODS

The experiment was conducted at a Technology Refe-
rence Unit (TRU) located at the geographical coordinates
14°59° 40 S and 52° 16’ 02 W GR with an approximate
altitude of 305 m above sea level.

The climate in the region, according to Kdppen clas-
sification, is Aw, characterized by average temperatures
above 27 °C during the hottest months (November to Fe-
bruary) and above 18 °C in the coldest months (June to
August), and average annual precipitation between 1,000
and 1,500 mm distributed in two typical periods: inten-
se rainfall season (October to March) and drought season
(April to September) (Alvares et al. 2014).

The tree component species chosen to integrate the
silvopastoral system was teak, with a spatial configura-
tion of 8.0 m between rows and 3.0 m between plants.
In the moment of the implantation of the experiment the
seedlings were 1.2-1.5 m high. The area was planted with
soybean before implementation of the tree component.
Corrective fertilization before planting the seedlings was
performed with 28.7 kg ha'! of PO in the form of triple
superphosphate and 100 g pit' of 06-30-06 formulation.
Three cover fertilizer applications were carried out with
12-00-24 formulation, containing 1.15 % of boron in its
composition. The first one was manually applied onto the
top of the tree canopy projection at a rate of 110 g plant’
three months after planting the seedlings. The second co-
ver fertilization was made mechanically in a continuous
fillet on the ground along the Teak planting row at a rate of
180 g plant! 12 months after the previous fertilizer appli-
cation. The third application occurred 12 months after the
second application at a rate of 250 g plant’', mechanically
made in a continuous fillet on the ground along the Teak
planting row.

Four legume species were used: pinto peanut (Arachis
pintoi Krapov. et W.C. Gregory), Brazilian stylo (Stylo-
santhes guianensis Sw.), cowpea (Vigna unguiculate L.
Walp) and pigeon pea (Cajanus cajan L. Millsp), which
were compared with three weeding regimes: mowing,
hand weeding and zero weeding (unweeded plot). The
seeds were sown in two rows spaced 2.0 meters away from
the base, or neck, of the Teak seedlings, comprising a total
cultivated area of 4.0 meters. The sowing was made at the
same time of teak seedlings planting. The conditions of the
legume species are shown in table 1.

The seven treatments were arranged in a randomized
complete-block design with four replications. The area of
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Table 1. Sowing conditions of the legume plants used at the time
of implementation of the experiment.

Condiciones de siembra de las plantas leguminosas utilizadas
al momento de la implementacion del experimento.

Forage Sowing Seeds
legume method arrangement
Pinto peanut
(Arachis pintoi) Row 45x35cm
qupea . Row 45x5cm
(Vigna unguiculata)
Plgelon pea . Row 45x 10 cm
(Cajanus cajan)
Brazilian stylo Broadcast 4 kg ha'!

(Stylosanthes guianensis)

each experimental plot consisted of the length correspon-
ding to four Teak plants by 4.0 meters wide.

Weed suppression was assessed and determined at the
end of the annual growth period represented by the rainy
period prevailing in the region. The assessments were made
in the net area of each experimental plot using a 0.25 m?
plastic quadrat thrown at random within the plot. The weed
species present within the quadrat were identified, counted
and taken to a laboratory, where they were washed and
dried in a forced air circulation oven at 60 °C to constant
weight. After this procedure, the shoots dry matter of the
sampled species was determined using a 0.01 g precision
scale.

Based on the data resulting from the counting of the
number of plants and accumulated dry matter by different
weed species, it was possible to determine the relative im-
portance (RI) of each weed species, as proposed by Mon-
quero et al. (2014).

The species diversity indices were calculated by the
Shannon-Wiener formula [equation 1] (Ribeiro et al. 2017):

H=-Y3 nlnp [1]

where H' = Shannon diversity index, S = number of spe-
cies, p, = proportion of the number of individuals (total
abundance) represented by i" species, estimated as n/N,
where ni is the measure of importance of the i species
(number of individuals) and N is the total number of indi-
viduals, In = Napierian logarithm.

The effect of the treatments on the growth of the forest
component (teak) was also determined at the end of each
rainy season where the teak plants height and neck dia-
meter were measured 270, 425 and 790 days after sowing
(DAS) of the legume species, and the breast height and
diameter (BHD) 790 DAS. The plants height was deter-
mined using a portable hypsometer and the neck diameter
and breast height with a manual digital caliper.

At 790 DAS, samples composed of ten homogenized
subsamples were collected from each plot using a probe-
type auger in the depth layer of 0-20 cm from the soil sur-
face. The compound samples were individually packed in
plastic bags, identified and kept in a conventional freezer
at a temperature of -20 °C until taken to the laboratory and
analyzed to determine total nitrogen content and organic
matter content. Total nitrogen was determined by the Kjel-
dahl method (sulfuric digestion = H,SO,+ H,0,), according
to the methodology described by Weng et al. (2017); orga-
nic matter was analyzed by the colorimetric method (ex-
traction with sodium dichromate) and expressed in quanti-
ty, as described by Marchini ef al. (2015).

The values obtained for the trees height and diame-
ter, total nitrogen and organic matter were subjected to an
analysis of variance by the F test using the Assistat 7.6
software program, and the mean values of the treatments
were compared by the Tukey test at 5 % probability level.

RESULTS

In the assessments of the infesting community, 12 weed
species of six botanic families were observed, as described
in table 2.

Table 2. Scientific and common names, international codes of
weed species found in the experimental area.

Nombres cientificos y comunes, codigos internacionales de
especies de malezas que se encuentran en el area experimental.

Scientific name International Family
code

Eupatorium sp. - Asteraceae
Spermacoce latifolia BOILF Rubiaceae
Sida santaremensis SIDSN

Malvaceae
Waltheria indica WALIN
Sida carpinifolia SIDAC Malvaceae
Glycine wightii GLYWI
Mimosa debilis MINDE Leguminoseae
Senna obtusifolia CASOB
Cyperus difformis CYPDI Cyperaceae
Digitaria horizonthalis DIGHO
Digitaria insularis DIGIN Poaceae
Brachiaria brizantha BRABR
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The most important floristic diversity at 425 DAS was
achieved in the condition where weeds were allowed to
coexist with the teak tree (unweeded treatment), followed
by the treatment where Brazilian stylos were used as cover
plants. Pigeon pea and hand weeding were the treatments
that exhibited the highest values of floristic diversity, fo-
llowed by pinto peanut (figure 1).

There was a decrease of the floristic diversity index at
790 DAS for the treatments with stylo, cowpea, and in the
unweeding treatment. However, mowing allowed that the
number of weed species increased between the periods
assessed, i.e. the floristic diversity value increased from
1.17 at 425 DAS to 1.55 at 790 DAS. The floristic diver-
sity values obtained for the treatments with pinto peanut,
pigeon pea and in the hand weeding condition remained
constant during the experimental period (figure 1).

The highest number of plants at 425 DAS was found
in the treatment where no weeds suppression method
was employed. In this same period, the treatments with
pigeon pea and hand weeding exhibited the largest weed-
suppression capacity of the spontaneous population

followed by pinto peanut, Brazilian stylo and cowpea
(figure 2).

It should be noted that the number of plants changed
in the assessment conducted at 790 DAS. The number of
plants increased from 30 plants m? at 425 DAS to 125
plants m* at 790 DAS in the treatment with cowpea. Whe-
re mowing was used, this same number increased from 24
plants m at 425 DAS to 57 plants m™ at 790 DAS. Howe-
ver, this variable decreased considerably in the treatment
where no method of weed suppression was used, in which
the total number of plants dropped from 78 plants m? at
425 DAS to 19 plants m? at 790 DAS (figure 2).

The highest weed dry matter production was found in
the situation where no weed suppression methods were
used. Total dry matter produced by the spontaneous vegeta-
tion in the unweeding treatment increased from 1,200 g m
at 425 DAS to 2,625 g m? at 790 DAS. A considerable in-
crease in the amount of dry matter accumulated by the spon-
taneous vegetation was also observed when mowing was
used. Accumulated weed dry matter increased from 72 g m?
at 425 DAS to 434 g m? at 790 DAS (figure 3).

Hloristic diversity
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Figure 1. Floristic diversity index obtained at 425 and 790 days after sowing (DAS) of the legume plants.

Indice de diversidad floristica obtenido a los 425 y 790 dias después de la siembra (DDS) de las plantas leguminosas.
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Figure 2. Total number of plants found among the spontaneous vegetation at 425 and 790 days after sowing (DAS) with legume species.

Numero total de plantas encontradas entre la vegetacion espontanea a los 425 y 790 dias después de la siembra (DDS) con especies de

leguminosas.
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It is worth noting that the Brazilian stylo species exhibited
the highest reduction of weed dry matter production (figure
3), although the number of plants increased during the pe-
riod of the experiment, as shown in figure 2. The total amou-
nt of weed dry matter decreased from 786 m at 425 DAS
to 241 g m? at 790 DAS, representing a 68.7 % reduction
in biomass accumulation over the study period (figure 3).

On the other hand, the accumulated dry matter by the
infesting community remained constant and below 150 g
m? in the treatments where pinto peanut and cowpea legu-
mes were used; yet for pigeon pea and hand weeding, there
was no dry matter production by the spontaneous plants in
the assessments conducted at 425 and 790 DAS (figure 3).
Change in the infesting community can also be demons-
trated by the different values of relative importance (RI)
found in this study; these values varied according to the
time of assessment and treatment.

The assessment conducted at 425 DAS revealed that
CASOB weeds had a higher RI in the treatment where pin-
to peanut was used as cover crop, and WALIM was the se-

cond species with higher RI among those found (figure 4).
Comparatively, GLYWI, CYPDI, SIDAC and BRABR
were the weed species that achieved the highest RI in
the treatments that respectively used stylo, cowpea and
mowing and where weeds coexisted with the legume plants
(unweeded plot) (figure 4).

The assessment conducted at 790 DAS showed that
the RI of DIGIN surpassed other species in the treatments
where pinto peanut, cowpea and mowing were used (fi-
gure 5). Nevertheless, in the absence of control and in the
treatment containing Brazilian stylo, it was possible to ob-
serve an increase in RI for GLYWI and BRABR species,
respectively, indicating a possible advantage of these spe-
cies in situ (figure 5).

It should be noted that no epigeal germination of weed
plants was found at 425 and 790 DAS, when pigeon pea
was used as green legume forage and when hand weeding
was used as a control method (figures 4 and 5).

It can be seen that the treatment where weeds were
manually suppressed exhibited the lowest values of orga-
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Figure 3. Total weed dry matter obtained at 425 and 790 days after sowing the legumes.

Materia seca total de malezas obtenida a los 425 y 790 dias después de la siembra de las leguminosas.
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Figure 4. Relative importance index of the weed species found at 425 days after sowing the legumes.

Indice de importancia relativa de las especies de malezas encontrado a los 425 dias después de la siembra de leguminosas.
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Figure 5. Relative importance index of the spontaneous species found 790 days after sowing the legume plants.

Indice de importancia relativa (IR) de las especies esponténeas encontrado 790 dias después de la siembra de las leguminosas.

nic matter and total nitrogen in soil, also being statistica-
lly lower when compared to the treatment where no weed
suppression method was used (table 3).

The highest amounts of organic matter and total ni-
trogen in soil were achieved in the treatments sown with

Table 3. Mean values of the amount of organic matter and total
nitrogen found 790 days after sowing the legume plants.

Valores medios de la cantidad de materia organica y nitrogeno
total encontrados 790 dias después de la siembra de las leguminosas.

Organic matter Total nitrogen

Treatments

(g dor®) (mgkg')
Arachis pintoi 11.7 a 1,106.5 a
Stylosanthes guianensis 11.5 a 1,118.3 a
Vigna unguiculata 11.5 a 1,035.7  ab
Cajanus cajan 11.8 a 1,057.5 ab
Mowing 9.5 b 9495 b
Hand weeding 9.0 b 843.5 c
Unweeding 11.8 a 9758 b
F Treatment 9.322%% 17.02%%*
F Block 0.22n8 0.59
LSD 1.8 109.8
C.V. (%) 7.1 4.6

NS — Not significant; ** - Significant at the 1 % level of probability.
Means followed by the same letter in column do not differ statistically
from one another by the Tukey test at 5 % level of probability.
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legumes, which ranged b 11.5 to 11.8 g dm?; and 1,035.7
to 1,118.3 mg kg', respectively. It should be noted that no
significant differences were observed between the organic
matter in soil in the unweeded plot and that found for all
forage legumes. Still for the unweeded condition, the total
nitrogen value in soil was not statistically different from
that found in the treatments with cowpea and pigeon pea
(table 3).

The height and diameter of the teak plants neck deter-
mined prior to the experiment installation showed that this
condition was the same in all plants, since no statistical
differences were found for these two variables. This same
condition extended up to 270 DAS when no statistical di-
fference was observed for the plants neck height and dia-
meter (table 4).

The coexistence of the tree species with the weeds pre-
sent in the treatment without usage of suppression methods
(unweeded plot) affected adversely the teak development
at 425 DAS, both for the plants height and neck diameter
(table 4), which can be justified by the steady increase of
dry matter accumulation by B. brizantha in the area with
higher RI than that presented by other weed species found,
indicating that B. brizantha possibly was the main species
responsible for the interference inflicted on the tree com-
ponent (table 4).

Similarly, it can be seen that in the treatment with pi-
geon pea, an adverse interference with the development of
the tree component also occurred, despite the absence of
weeds in the area, and a higher level of total nitrogen fixa-
tion in soil. The plants height and neck diameters determi-
ned at 425 DAS for this treatment were statistically similar
to those observed in the unweeded condition, though lower
than those found in the treatment containing pinto peanut
(table 4).
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It can be seen that the highest values of the Teak plants
height and neck diameters determined at 425 DAS were
achieved by the treatment where pinto peanut was inter-
cropped with the tree plants, variables that were not statis-
tically different from those of the treatment where stylos
and cowpea were intercropped with teak plants or those
achieved with mowing and hand weeding (table 4).

The effects of the treatments on the plants height
were even more evident in the evaluation performed
at 790 DAS, where the treatments with pinto peanut,
Brazilian stylos, mowing and absence of weeds as a result

of hand weeding, determined the highest mean values
of teak height, indicating a significant difference when
compared to the other treatments. Cowpea and pigeon
pea reduced the Teak plants height and did not differ
statistically from the unweeding treatment. There was a
significant BHD reduction in the treatment with pigeon
pea and in the unweeded condition compared to the other
treatments. It should be pointed out the largest diameter
at the teak plants breast height was found in the treatment
where the tree plants were intercropped with pinto peanut
(table 4).

Table 4. Mean values of height (cm), neck diameter (cm) and diameter (cm) at the breast height of teak plants.

Valores medios de altura (cm), didmetro del cuello (cm) y diametro (cm) a la altura del pecho de las plantas de teca.

Previous 270 DAS"

Treatments

Height (cm) ND* (cm) Height (cm) ND (cm)
Arachis pintoi 153.5 4.19 300.4 6.41
Stylosanthes guianensis 137.8 3.78 256.2 5.68
Vigna unguiculata 135.2 4.04 241.9 5.47
Cajanus cajan 127.4 3.68 2249 5.33
Mowing 103.2 3.47 234.7 5.73
Hand weeding 136.2 4.00 261.4 5.96
Unweeding 123.8 3.21 230.5 5.54
F Treatment 1.79N 0.96™ 1.14N8 0.77%8
F Block 6.68%* 4.26* 4.89* 2.34%8
LSD 58.2 1.40 113.4 1.75
C.V. (%) 19.24 15.83 19.43 13.15

425 DAS 790 DAS

Treatments

Height (cm) ND (cm) Height (cm) DBH” (cm)
Arachis pintoi 587.9 a 11.8 a 839.2 a 9.4 a
Stylosanthes guianensis 530.3 ab 10.9 ab 769.1 ab 8.5 abc
Vigna unguiculata 5323 abc 10.4 ab 722.4 be 8.2 abc
Cajanus cajan 487.4 bc 9.3 b 627.0 c 6.7 c
Mowing 519.2 abc 10.6 ab 804.0 ab 8.3 abc
Hand weeding 536.6 abc 10.5 ab 837.4 a 8.6 ab
Unweeding 451.8 c 9.2 b 712.3 bc 7.5 be
F Treatment 4.91%* 4.31%* 12.32%* 4.55%*
F Block 7.47%* 2.26N 0.22%8 2.10M
LSD 92.5 2.01 102.5 1.9
C.V. (%) 7.57 8.29 5.79 9.87

NS — Not significant; ** - Significant at 1 % level of probability; * - Significant at 5 % level of probability. Means followed by same letter in column did
not differ statistically from one another by the Tukey test at 5 % level of probability. \l DAS — Days after sowing the forage legume. \2 ND — Diameter

of the plant neck \DBH — diameter at breast height.
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DISCUSSION

Based on evaluations of the weed community carried
out in this research, it could be seen that there was an
intense competition between weed plants and the teak fo-
rest component for environmental resources, due to the
large number of weed species and, mainly, the high level
of infestation of these plants (table 2 and figures 1, 2, 3,
4 and 5).

Such excessive number and diversification of weed
species in silvopastoral areas are mainly due to the slow
initial growth of tree component and an abundance of
propagules in the soil seed bank. Therefore, weed con-
trol in these areas, which often have species with rapid
initial development, becomes ineffective (Caron et al.
2012).

The 12 weed species found (table 2) had distinct dis-
tributions detected by the Shannon — Wiener floristic di-
versity. High indices of floristic diversity indicated more
evenness in the number of weed communities where the
dominance of species groups is lower. Shannon floristic
diversity is considered high when the scores are above
three, medium between two and three, low between one
and two and very low below one (Schlickmann et al.
2019). Therefore, in this study, the treatments with pinto
peanut, cowpea and mowing exhibited low floristic diver-
sity throughout the experimental period.

The treatments with stylos and in the unweeding con-
dition indicated at 425 DAS Shannon diversity indices
considered medium, which tended to decrease at 790
DAS. Such decrease in the floristic diversity may be as-
sociated both with the competition exerted by the forage
legumes and the competition between the weed species
present in the infesting community, since perennial weeds
tend to have a higher competitive potential in the long
term while annual weeds exhibit more competitive stren-
gth for a short period of time (Bellé ef al. 2018).

Treatments with pigeon pea and hand weeding exhi-
bited a floristic diversity index below one in both periods
of assessment, and thus diversity is ranked as very low. It
should be noted that epigeal germination and consequent
accumulation of weed dry matter were not found in both
these treatments (figure 2 and 3). The main desirable cha-
racteristics of pigeon pea are its rapid initial growth, high
stature and high capacity to allocate resources from the
environment and transform them into accumulated dry
matter in just 142 DAS, which makes it important in weed
management (Dantas ef al. 2015).

Additionally, when compared with other legumes, pi-
geon pea grows well in dry regions and can fix atmos-
pheric nitrogen in the soil and therefore has the ability
to adapt to adverse soil conditions (Mahajan et al. 2019),
characteristics that can be observed in table 3. However,
supposedly due to said particularities, pigeon pea also
suppressed the teak plants growth and development at 425
and 790 DAS (table 4). This result is likely to be related to
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the higher growth rate of pigeon pea when compared with
that of teak and, consequently, to the higher competition
between this legume and weeds for the allocation of envi-
ronmental resources.

In the treatment containing cowpea, the number of
weed plants was considered high and increased signifi-
cantly in the period between 425 and 790 DAS (figure
2). However, the accumulated weed dry matter remai-
ned constant and was considered low at the DAS cited
above (figure 3). For this reason, it can be seen that the
treatment with cowpea did not interfere in the weeds ger-
mination and emergence processes, although it was ca-
pable of suppressing weeds growth, thus being an impor-
tant alternative for weed management in forest-livestock
integrated systems. It is also important to emphasize that
this treatment produced large quantities of organic mat-
ter and total nitrogen in the soil (table 3), however inter-
fered significantly in the teak plants height at 790 DAS
(table 4).

Some of the main characteristics that make cowpea
one of the preferred grazing crops for intercropping culti-
vation is the fact that this legume is resistant to temporary
lack of water in soil and provides large amounts of nitro-
gen through the symbiosis with specific bacteria (Dutra
et al. 2015). Probably, due to the morphological and phy-
siological characteristics of this crop, such as high pro-
duction of shoots dry matter, indeterminate growth habit
and nutrient accumulation even in unfertile soils, cowpea
growth and development are not affected by the competi-
tion with weeds (Oliveira et al. 2018). It is assumed that
these particularities also affected the growth of the teak
tree component at 790 DAS.

Although the treatments with pinto peanut and stylos
have placed little competitive pressure on weeds (figures 2
and 3), it should be emphasized that both legume species
produced the largest quantities of organic matter and total
nitrogen in the soil (table 3) and did not interfere in the
growth variables of the Teak tree component in any of
the evaluation periods of this research. Because of this,
from the agronomic viewpoint, both legumes are the most
recommended species for integrated crop-livestock-forest
systems.

Biological nitrogen fixation is crucial for sustainable
agriculture (Udvardi and Poole 2013) because it repre-
sents the main entryway of nitrogen into various terrestrial
ecosystems. The supply of nitrogen by forage legumes is
accomplished by biological fixation, where the symbiosis
between bacteria such as Rhizobium spp. and legumes is
necessary in order that this atmospheric nitrogen fixation
can occur in the soil (Carvalho et al. 2019).

In general, the use of cover crops with legumes has
been an important tool in the most diverse farming sys-
tems to help eliminate weeds by means of allelopathic
effects, diminishing the space for growth and competition
for water, sunlight, oxygen and nutrients and suppressing
re-infestations (Lima et al. 2014).
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CONCLUSIONS

The coexistence with weeds during the period of im-
plementation is detrimental to teak development, especia-
lly when Brachiaria brizantha is present in the infesting
community. Intercropping with forage legumes increases
the levels of organic matter and total nitrogen in soil in
forest-livestock integrated systems. Pinto peanut and Bra-
zilian stylos exert little competitive pressure on weeds,
produce larger quantities of organic matter and available
nitrogen in the soil and do not interfere with the growth
variables of the teak tree component. The treatments with
cowpea and pigeon pea were capable of suppressing weeds
growth. Nonetheless, intercropped cultivation with these
species jeopardizes teak plants growth during the period of
implementation of the silvopastoral system.
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