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The coloured cotton crop is the best agroecological alternatives for farmers in semi-arid of Northeasthern region. Cultivation of BRS
Verde cotton has been a success on productivity in this region. The practice of monoculture in cotton crop has caused loss of soil
quality over the years. The organisms present in the soil are sensitive to changes of land use and management. They are excellent
environmental bio indicators, representing important tool to evaluate impacts on ecosystems. In this context, the aim of this
research was to evaluate the abundance and diversity of edaphic macrofauna under different management systems in the cotton
crop. The design was a randomized complete block design with four replicates with five treatments in 5 collection seasons. The
plots consisted of 8 lines spaced 1.0 x 0.30 m for all crops. Three PROVID traps were distributed to capture soil organisms, totally 12
samples/treatments. We identified taxonomic groups, density of organisms, ecological indexes of diversity and wealth of groups. In
view of the results, we concluded that the cotton + maize consortium favoured increase of individual’s abundance and richness of
faunistic groups. This cotton + maize consortium showed to be a promising alternative for better management and sustainability of
the system. We also showed that soil macrofauna is a good indicator of soil quality in different cotton growing systems.

soil organisms; biological indicator; soil conservation; agricultural practices; nutrient cycling.

In the agricultural scenario, the cotton culture presents great production, pursues environmental, economic and social
economic importance, being cultivated in more than 60 sustainability. In addition, the farms are mainly occupied by
countries. Brazil is the third largest exporter, the first in crops in intercropping systems and the workforce is familiar
terms of dry land productivity and the fifth largest consumer with cultivation of cotton in this way (Queiroga et al., 2008;
(ABRAPA, 2015). It currently has a promising domestic Beltrdo et al., 2009).

market because it has one of the most important fibbers in The BRS VERDE cotton cultivar was released and became
the world. available by Embrapa cotton. This cultivar produces green
Cotton cultivation is of great socioeconomic relevance for fibre. This fibre may partially fade when boll is exposed to
the Northeast of Brazil, especially for the semi-arid region. sunlight. This fibre may be preferable for spinning thick
Particularly the State of Paraiba has favourable conditions yarns and jeans compared to other crafts. It has aptitude for
for cultivation. However, for decades the use of sustainable cultivation in the Northeastern semi-arid region,
monoculture caused inappropriate forms of soil showing successful productivity, with a response of 3,000 kg
management, pest incidence and long periods of drought, ha™ in winter conditions. The same production level may
resulting in low crop productivity. need approximately 70% to 80% of costs employed with
The cultivation of cotton in a monoculture system for well-managed labour and better cultural treatments. In
consecutive years promotes innumerable modifications in these areas cotton production are owned by families. Thus,
the soil, leading to modifications of the physical, chemical cotton planting is important for the family (Cartaxo et al.,
and biological properties, affecting the development of 2008; Queiroga et al., 2008).

plants with reflexes on the soil biota. Crop intercropping is known as the growth of two or more
The current stock production system is totally dependent on species in the same area over a period of time (Rezende et
external inputs and with high production cost, becoming al. 2006). The application of this practice by cotton farmers,
restricted to a small portion of cotton farmers. In the semi- according to Beltrdo et al., (2010) may improve land use and
arid region of Northeastern Brazil, the -cultivation of the possibility of total loss of production.

agroecological coloured cotton has become one of the best In order to strengthen this productive chain, family farmers
income alternatives for cotton farmers, as it adds value to have been doing agriculture on an agro ecological basis,
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seeking to add value to production and provide ecological,
social and economic benefits (Americo et al., 2013; Beltrdo
et al.,, 2009). In this sense, intercropping has become a
common practice among small farmers, making land use
more efficient, and promoting nutrient recycling, increasing
soil fertility and soil biota, favouring sustainability (Rochaet
al., 2012).

Soil serves as a habitat for a diversity of organisms, which
can be classified according to their morphological and
functional aspects. The edaphic macrofauna plays an
important role in fertility, with participation in the
biogeochemical cycles, by assisting release of elements and
contributing to the structural development of the soil
(Almeida et al., 2015).

The diversity of these organisms in the soil, richness and
uniformity of distribution in the group, indirectly
demonstrate the environmental conditions of the area, as to
the degree of conservation. In this study, the most abundant
species were found to be diverse in the groups (Jacobs et al.,
2007).

Many researches have been conducted on the effect and use
of conservation practices, such as green manuring, no-tillage
and agro forestry systems on soil biota (Terry et al., 2015;
Tacca et al., 2017; Aalmeida et al., 2017). However, studies
demonstrating the importance of macrofauna as a bio-
indicator of soil quality in intercropping systems are still
scarce (Almeida et al., 2008; Silva et al., 2013; Brito et al.,
2014) and even scarce in cotton crops.

Due to the importance of these organisms to maintain
sustainability, it is necessary to study the dynamics of the
communities of soil organisms in different cropping systems.
In this context, the objective of this study was to evaluate
the abundance and diversity of soil macrofauna organisms
under different management systems in the cotton crop.

Abundance of groups

The abundance of the faunal groups in the collection periods
revealed a difference in soil macrofauna individuals. A total
of 10,424 individuals were recorded from 50 to 110 DAS,
distributed in 12 groups. The population of Hymenoptera
was predominant compared to other groups. A high number
or density of individuals in Hymenoptera group was also
verified by Correa et al. (2009) and Portilho et al. (2008) in
different organic management systems of of coffee
production enriched with other species, when compared to
the conventional system. Portilho et al. (2011) mentioned
that the Hymenoptera group was the most representative in
all levels of cane straw. Pasqualin et al. (2012) observed the
predominance of this group in cane areas, compared to the
forest area. Silva et al. (2012) reported that ants may occupy
several positions in the trophic chain, causing various effects
on the environment, such as under-ground colonies. Among
the groups, Orthoptera, Coleoptera and Araneae stand out,
with 98.3% of the total and the remaining 1.7%. Faunistic
groups that appear in smaller number is probably restricted
to more favourable environments, with great importance in
the process of organic matter decomposition.

The abundance of individuals was influenced by the soil and
climatic conditions in the collection periods, management
systems and soil cover, where the cotton + maize
consortium (T2) and maize monoculture (T4) had larger
populations (Fig 2 and 3A and B ). In contrast to modern
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farming systems, the consortium system deserves attention
due to the wealth of ecological interactions, cultural
arrangement and management in the field. The abundance
of individuals had direct proportional relation to water
content of the soil and inversely proportional to the
temperature (Fig 3A and B). There was a decrease in the
water content due to the low rainfall with consequent
increase of the soil temperature, contributing to the
reduction of organisms.

Diversity index

The Shannon diversity index reflects a larger population of
individuals from a particular group or groups at the expense
of others (Begon et al., 2006; Souza et al., 2016), and soil
and climatic conditions show to be definitive for this (Fig. 3A
and B). Similar behaviour of treatments was observed for
Pielou uniformity index. However, a difference was observed
at 50 and 65 DAS (Table 1), whereas the area of anthropoid
forest (T5) showed the highest values, indicating a greater
balance in individual’s composition of the macrofauna. It
was verified that the richness of faunistic groups differed up
to 95 DAS, with superiority for the area consorted with
cotton + maize (T2) (Table 1). The agro consortium systems
include different crops, in which yield can exceed the single
crop. The increase may be related to the complementary
nature of characteristics in studied populations (Gliessman,
2000).

Although T2 provided greater abundance, it suffered a
greater reduction in the number of individuals to detriment
the edaphoclimatic conditions (Figure 3), but maintained its
wealth (Table 1). This shows the importance of the cotton +
maize consortium and the behaviour of edaphic fauna,
providing an adequate microclimate and / or greater
availability of food, among other factors. Aradjo (2010)
verified that at the end of the rainy season, after the leaf
fall, the macrofauna taxonomic groups tend to increase due
to food distribution. Two-way clustering revealed variability
of efficiency between the adopted soil management
systems, with formation of two groups, one containing the
T1, T3, T4 and T5 treatments and another containing
formally T2 'treatment (Figure 4). The variables were
distributed in two dimensions that explain 93.98% of the
data matrix variance (85.30%, dimension 1 and 8.68%, for 2).
Throughout CP1 (main axis), the T2 treatment is arranged in
the most extreme right portion (positive value) and the T3,
T4 and T5 treatments in the median portion, while the T1
treatment is in the left portion (negative value),
demonstrating separation between treatments. The
distinction between these two groups shows that there is
population diversity between and within them. Although it
belongs to the same group, there is a clear distance between
T1 and the other components of group 1, which is even
more evident for T2 component of group 2.

Experimental area

The experiment was conducted at the Experimental Station
of the Agricultural Company of Paraiba (EMEPA),
municipality of Alagoinha, mesoregion of Agreste Paraibano,
microregion of Guarabira, State of Paraiba. The climate of
the region is characterized, according to Koppen, as As', hot
and humid, with average air temperatures around 25 °C
(CLIMATEMPO, 2016).



Table 1. Shannon diversity indexes and Pielou uniformity and richness of faunistic groups of soil macrofauna under different
cropping systems and soil coverage’s in the post-sowing period.

Systems of Evaluation Periods (DAS)
cultivation 50 65 80 95 110

———————— Shannon diversity index (Hj—————————
T1 0.605aA 0.615aA 0.608aA 0.613aA 0.610aA
T2 0.623aA 0.620aA 0.610aA 0.615aA 0.608aA
T3 0.608aA 0.613aA 0.610aA 0.610aA 0.610aA
T4 0.605aA 0.780aA 0.628aA 0.605aA 0.608aA
T5 0.850aA 0.623aA 0.623aA 0.605aA 0.613aA
CV (%) 32.27

———————— Pielou uniformity index () ———————

T1 0.120aAB 0.153aA 0.150aA 0.150aA 0.123aA
T2 0.068aB 0.073aB 0.088aA 0.088aA 0.088aA
T3 0.075aAB 0.088aAB 0.155aA 0.075aA 0.120aA
T4 0.085aAB 0.130aAB 0.125aA 0.088aA 0.102aA
T5 0.140aA 0.155aA 0.153aA 0.123aA 0.123aA
CV (%) 30.34

—————————————— Wealth ————————————
T1 4.25aB 3.75aB 4.00aB 3.75aB 3.5aA
T2 7.00aA 6.50aA 6.25aA 6.00aA 5.25aA
T3 5.50aAB 4.25aB 4.25aAB 4.50aAB 3.75aA
T4 6.00aAB 5.00aAB 4.75aAB 5.25aAB 5.00aA
T5 5.00aAB 3.75aB 4.75aB 5.25aAB 5.00aA
CV (%) 22.7

*Means followed by the same lowercase letter, in the line, and upper case, in the column, do not differ from each other, by Tukey test, at 5% probability. T1: naked only; T2: cotton + corn; T3: single
cotton; T4: single corn; T5: Anthropized forest.
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Fig 1. Rainfall in the experimental area in the year 2015.
——T1 —&-T2 —AT3 —@-T4 —=—T5
1000

N° of individuals
v
8

110

[

50 65 80 9
Days after sowing (DAS)

Fig 2. Abundance of individuals in the treatments evaluated in the collection periods. T1: naked only; T2: cotton + corn; T3: single
cotton; T4: single corn; T5: Anthropized forest.
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Fig 3. Abundance of individuals in treatments evaluated as a function of water content (A) and soil temperature (B) in the collection
periods. T1: naked only; T2: cotton + corn; T3: single cotton; T4: single corn; T5: Anthropized forest.
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Fig 4. Principal component analysis for the faunistic groups of the edaphic macrofauna under different cropping systems and soil

cover.

The average annual rainfall over the last ten years was on
the order of 1170 mm with rainfall concentrating on the
autumn-winter seasons (AESA, 2015). The monthly rainfall
distributions during the experiment period (June to October
2015) are presented in Fig 1.

The soil of the experimental area is characterized as a
CLASSIC CHRONIC LUVISSOL (EMBRAPA, 2013), which has
been exploited in recent years with annual crops, such as
maize, which was the last crop used before implantation. For
the preparation of the area, two ploughing and harrowing
were done, followed by the marking of experimental plots
for implantation of the treatments.

Experimental design and collections

The experimental design was a randomized block design
with four replications in a 5x5 factorial scheme, with five
collection times (50, 65, 80, 95 and 110 days after sowing)
and five treatments: bare soil (T1), consortium of the cotton
cultivar BRS Green (Gossypium hirsutum L.) with maize (Zea
mays L.) (T2), single cotton cultivation (T3), single corn
cultivation (T4) and anthropoid forest area (T5).
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The size plots of 5.0 x 7.0 m were composed of 8 lines with
spacing of 1.0 x 0.30 m for cotton and single maize crops. In
the plots with consorts, these obtained 4 central lines of the
culture consorted and 2 lines of cotton. Among the plots we
distributed PROVID traps, made with PET bottles of 2L,
containing four orifices of 2x2 cm at the height of 10 cm of
the base, totally 12 samples/treatments, located in the
centre of the central line and the lateral lines for the
consorts and single treatments. In the bare soil plots, the
traps were distributed in the central line of the plot. In the
anthropoid forest area 12 traps were placed randomly with
at least 2 m distant from one another.

The first collection was performed on the 50th day after
sowing (DAS) when the crops were in full development, with
subsequent biweekly collections up to 110 days (end of
cycle). In each trap, 200 mL of 5% detergent solution and 5
drops of Formol P.A. were added, which remained in the
field for 96 hours (Araujo, 2010).

After camp stay, organism traps were collected, washed and
passed through 0.25 mm mesh sieves and stored in a 70%
alcohol solution. All organisms of the macrofauna (> 2 mm)
were counted and identified with magnifying glass and
tweezers, according to the order of the taxonomic groups,



which were evaluated quantitatively through the total
number of organisms (abundance) and qualitatively through
diversity, richness and uniformity/equitability.

Statistical analysis

For the diversity the Shannon Index (H) was used through
the equation: H = -Zpi.logpi, where: pi = ni/N; ni = density of
each order; N = I of the density of all orders. For the
richness of the taxonomic groups we used the number of
groups present in the treatment. For equitability, the Pielou
Index (e), defined by: e = H/logS, where: H = Shannon
diversity index; S = number of species or groups were used
(Odum, 1993; Begon et al., 1996).

The data were submitted to analysis of variance (ANOVA)
with the means compared by the Tukey’s test at 5% of
probability, using ASSISTAT software (Silva, 2011) and the
multivariate analysis for the main components based on the
observed correlations between the orders in response to
different management systems. Two-way clustering was
performed for the dependent and independent variables
based on the cubic criterion for clustering. The software
JMP® 10.0.0 (SAS INSTITUTE INC, 2012) was used.

The cotton + maize consortium production system favours
the increase the abundance of individuals and wealth of
faunistic groups. The cotton intercropping consortium
represents a promising alternative for better management
and sustainability of the system. Soil macrofauna is a good
indicator of soil quality in different cotton growing systems.
The level of anthropization of natural vegetation can
compromise the abundance, diversity, uniformity and
richness of faunistic groups.
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