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ABSTRACT

The objective of this study was to evaluate the diversity and abundance of edaphic fauna organisms in single and
intercropped systems of sweet potdfmmoea batatas) and ecologically-based popco#eé mays) in Red Oxisol, in
the Northwest region of the state of Rio Grande do Sul, Brazil. Four sweet potato cultivars were used in single systems
and intercropped with popcorn: BR®nélia, BRS Rubissol, BRS Cuia and Crioulae soil fauna assessment was
carried out using PROVID-type traps. Richness, abundance and the dominance indices of Shannon (H’) and Simpson
(D) were determined. The orders Coleoptera, Hymenoptera, Collembola and Orthoptera, were dominant in both cultivation
systems. The single cultivation showed a greater number of organisms in the orders Isopoda and Collembola, whereas
in the intercropped system, the orders Lepidoptera and Hymenoptera stood out. The intercropping cultivation of sweet
potato and popcorn shows highest diversity and abundance of soil organisms compared to the single cultivation.
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INTRODUCTION can be inflenced by the cultivation system (Silstal.,
Agriculture is a fundamental factor in the process of012; Balinetal., 2017; Cost& Drescher2018), land use

the Brazilian economic development, accounting for 21.44pa Silvaet al., 2016 Almeidaet al., 2017), fertilization
of the total Brazilian gross domestic product (Center fdflves et al., 2008; Da Silvet al., 2016), among other
Advanced Sidies inApplied Economics - CEPEA, 2020). factors, such as cultural practices, which directly influence
However a lage part of the country’agricultural area is th€ €daphic population (Gatibaatial., 2009; Silvat al.,
occupied by monocultures, which transform complex n£913). This effect may be related to the permanence of
tural ecosystems into simplified agro-ecosystems. In thf§ganic residues on the soil (Antonioéi al., 2006),
process of environmental conversion, local biodiversit§ollection period (Da Silvet al., 2016), or even according
changes since the abundance and diversity of differdftthe taxonomic group found (Silegal., 2015; Rezende
biological groups are generally associated with thet al., 2017). Itis noticed, therefore, that the soil fauna is
predominant characteristics inherent to environment3€nsitive to changes in the environment and can be
such as: soil type, climate and vegetation (Altieri, 2012)¢onsidered as a good indicator of the biological quality of
The biological diversity of the soil plays an importanfhe soil and useful in the evaluation of agroecosystems
role in the decomposition and mineralization of organigNunesetal., 2009).
residues, favoring the availability of nutrients to plants Production systems based on monocultures promote
and even to other ganisms (Brown & SautteP009), a specific environment for a particular group of fauna
through changes in the physical and chemical environmesrganisms, reducing diversity due to the small availability
of their habitat (Rezend al., 2017). The edaphic fauna of shelterand thelow variety of food resources in the
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local, which provides for the proliferation of organismsagroclimatic zoning. The experiment used a randomized
that better adapt to these conditions and disrupts theck experimental design with three replications in 22 m
balance of edaphic biodiversity (Bare#aal., 2003; (3 x4m) plots. Four sweet potato cultivars were used: BRS
Battirola et al., 2007). In contrast, conservationistAmélia, BRS Rubissol, BRS Cuia and Crioula. The cultivars
managements such as plant intercropping or polyculturaegere grown in single systems and intercropped with Cri-
which consist of using two or more different crops in theula popcorn in the following treatments: T1 - Crioula
same area enables the increase in efficiency of land iseeet potatol 2 - BRS Rubissoll3 - BRSAmélia, T4 -
and the lower frequency of pests and diseases (AltieBRS Cuia, T5 - Popcorn, T6 — Crioula sweet potato +
2012). Plant intercropping tend to offer greater quantitfopcornT7 - BRS Rubissol + Popcorfig - BRSAmélia +
and diversity of residues to the soil, which is reflected iRopcorn, T9 - BRS Cuia + Popcorn.
greater availability of food for organisms that live in it  The sowing of popcorn in the single and intercropped
(Brito et al., 2016), for this reason it is expected to findsystem was carried out in rows, at a spacing of 20 cm
greater diversity and abundance of edaphic faureetween plants and 75 cm between rows. Sweet potato
organisms. cultivars were planted with 3-4 leaf seedlings with a
However there are few studies that evaluate edaphgpacing of 25 between plants in the sowing line and 75 cm
fauna in intercropped or policultivation cultures (Bgto between rows. In the intercropped planting, the sweet
al., 2016; Rodriguest al., 2016). Our hypothesis is that potato seedlings were arranged in rows in the center of
the intercropping of sweet potaipdmoea batatas) with  those between rows of popcorn, following the same
popcorn Zea mays) especially when these are conductedpacing between plants from single planting (Figure 2).
in an ecologically-based system favors soil fauna. Thus, Fertilization was carried out according to the needs of
the objective of this study was to evaluate the diversityhe soil and established according to the Manual of
and abundance of edaphic-fauna organisms in single apeltilization and Liming for the states of Rio Grande do
intercropped systems of sweet potato and ecologicalBul and Santa Catarina of the Soil Chemistry and Fertility
based popcorn in Red Oxisol, in the Northwestern RiGommission, based on the corn crop (Soil Fertility and

Grande do Sul, Brazil. Chemistry Commission - CQFS RS/SC, 2016). The dose
used was 7,000 kg/hg4.2 kg/plot) of chicken litter from
MATERIALAND METHODS four plots, divided into two parts, half at sowing/planting

This experiment was carried out in Bom Progressand the other half in topdressing, 45 days after planting
Rio Grande do Sul (RS), located at longitude 53°51'31.0The sweet-potato cultivars and sowing of popcorn. Sponta-
W and latitude 27°33'48.70" S. The soil of the experineous-growth plants were controlled by weeding every
mental area is characterized as a typical Red Oxisol (Sd% days. The control of pests, basically the caterpillar of
tosetal., 2018). The climate in the region is of the Cfahe armyworm in popcorn, was necessary three times and
type according to the classification of Koppen, with agarried out using neem oil, but disease control was not
average annual temperature of 19°C and rainfall betweracessary
1,800 and 2,000 mm. The experiment was conducted under The evaluation of the edaphic fauna was carried out at
natural field conditions. The mean rainfall and aithe stage of full flowering of popcorn, in February 2016
temperatures observed during the experimental time giigure 1). The collection was carried out using the
shown in figure 1. “PROVID” method (Antoniolliet al., 2006), the traps being

The implantation of sweet potato and popcorn cropnstituted by a 2-L pet bottle, with four windows of 0.06
was carried out in November 2015, following the regon’x 0.04 m, at 0.20 m from its base. It was added 200 mL of
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Figure 1. Data of rainfaill and mean air temperature in the experimental time. Source: INM&ibnal Institute of Meteorology
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70% alcohol + 2 mL of glycerin into the trap. Six traps were The orders of organisms that predominated in all
installed per treatment, between the crop planting linéeatments were Coleoptera, Hymenoptera, Collembola and
(Figure 2), which remained in the field for seven days. Orthoptera, which corresponded to 34.39%, 24.09, 12.66%

The traps collected with the solution containing thand 10.91% of the totalganisms collected, respectively
captured gganisms were taken to the laborafenyd their These orders corresponded together to 81.23% of the
contents passed through 10- and 100-mesh sieves,otganisms found in the studtherefore demonstrating
separate the faunaganisms from the soil. Subsequentlytheir dominance over the other orders of soil organisms.
the organisms were stored in plastic bottles containingia a study by Britcet al. (2016) the orders Collembola,
70% alcohol solution, until their identification. TheDiptera and Hymenoptera occurred in a dominant manner
identification in terms of taxonomic order and countingn all cultivation systems studied, representing together
were performed with the stereomicroscope, when richnessre than 80% of the total relative frequency
(number of orders) and abundance (total number of Crioula and BRS Rubissol cultivars showed no increase
organisms) per treatment were determined. in the abundance of soil organisms when intercropped

The edaphic fauna was also evaluated qualitativelyith popcorn. Howeveapart from cultivar BRS Rubissol,
by means of the Simpson (D) and Shannon (H’) dominantee other cultivars showed a greater abundance of
indices, according to Silvat al. (2015). Simpsois’ organisms when they were submitted to intercropping by
dominance index (D), defined as: D = ni (ni-1)/N (N-1) Students t testAccording to Silvaet al. (2012), this is
where: ni = density of each order; N = total number dfecause the single cultivation system (monoculture),
organisms in the grougshannors diversity index is allows a less soil coverage and less total biomass input,
defined as: H'=% (pi log pi), where: pi = ni / N; ni = which enables an intense solar irradiation, mainly causing
density of each order; N = total numberoo§anisms in high water evaporation from the soil, and consequgently
the group. the reduction of soil biodiversitySilva et al. (2007),

The total number of organisms, richness and abuhighlights that the quantity and quality of plant materials
dance were subjected to statistical analysis, followed blyat are deposited in the soil, influence the edaphic fauna.
Skott Knott test at 5%Also, the richness, abundance, DTherefore, the diversity and abundance of the edaphic
and H’ between single and intercropped systems wef@uina is benefited by the number of plant species in the
comparted by tedents t test, at 5%. In addition, the dataarea, according to their functionality and the stages of
obtained were submitted to multivariate analysis of prirdevelopment (Lavelle, 2006; Silebal ., 2013). Correia &
cipal components to correlate the different orders of soindrade (1999), also point out that the more diverse the
edaphic organisms with the planting/sowing systems. number of species and the more diverse the vegetable

cover of the soll, the greater the heterogeneity of the litter

RESULTSAND DISCUSSION which will also present a greater diversity of soil
The results of the trap collections showed a total afrganisms.
971 oganisms, belonging to 14 ordeAgarina,Aranae, Plant intercropping provides adequate conditions for

Coleoptera, Collembola, Chilopoda, Dermaptera, Dipladhe development of various orders of soil organisms, as
poda, Hermiptera, Hymenoptera, Isoptera, Isopodtis system provides greater availability of food, due to

Orthoptera, and Lepidoptera and Dipteralf[€ 1). the large amount and diversity of plant residues that are
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Figure 2: Representative sketch of part of the plots with distribution of popcorn (x), sweet potato plants (#) anylitragisyle
and intercropping systems.
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brought to the soil. In addition, it creates micro habitafgotato cultivar (data not shown), thus, indicating that the
where temperature and humidity conditions are favorabsngle cultivation of this cultivar provides soil coverage
for the development of soil fauna (Silegal., 2007). In  at levels satisfactory to the biological demand of the soil,
this sense, it is possible to understand why the swest that it does not need a companion crop in intercropping
potato cultivars Crioula, BRS Rubissol and BRS Cuiéor soil protection.
presented greater diversity of soil organisms when According toAntoniolli et al. (2006), the Collembola
cultivated in the system intercropped with popcorn. Britspecies specifically have an enormous importance in the
et al. (2016), found that the intercropped cultivation obalance of ecosystems, as they are considered primary
cassavaNlanihot esculenta) with millet (Pennisetum and secondary decomposers, acting in the fragmentation
glaucum) resulted in an increase in the diversity of soiand reduction of vegetal debris, thus favoring the action
organisms and that the single cultivation of cassaw# fungi and bacteria in the decomposition process of
reduced the richness of soil organisms, due to the absencganic residues in the soil. Bakhal. (2017), showed
of vegetation cover and low deposition of plant residuethat in different tillage systems and different soil cover
The intercropping of popcorn with the cultivars ofplants the most frequent edaphic fauna organisms were
sweet potato, except BRSnélia, resulted in a greater also those of the order Collembola, regardless of treatments
richness of organisms. In a study by Rodriggeal. and collection time. For Baliet al. (2017), cover plants
(2016), the diversity of the edaphic fauna was influencedfluence the diversity and abundance of edaphic fauna,
by the vegetation coverings in the different agroas well as the different collection periods, mainly due to
ecosystems, where the polyculture area was analyzélde different food supply in each sample period. Thus,
providing a greater diversity of arthropods of the edaphibe predominance of this order in the present study is
fauna. In the study by Santos (2009), it was observed thastified, given the large amount of vegetation cover and
the turnip Raphanus sativus)/black oatsAvenastrigosa) high biomass apport specifically in the intercropping
and vetch Vica sativa)/turnip/black oats intercropping systems at the evaluation period.
promoted a greater diversity of organisms in the edaphic The use of an ecologically-based production system,
fauna, when compared to fallo®n the other hand, the in which the fertilization was the organic using chicken
sweet potato cultivar BR&mélia showed same diversity litter, may also have contributed to a greater abundance
of orders in single and intercropped systems. This reswolt organisms, especially of the Collembola. Cutz-mbol
can be attributed to the high biomass supply of this sweadt (2007), found that the addition of chicken litter to the

Table 1: Average number of edaphic faungamisms collected in treatmefits - Crioula sweet potatd2 - BRS Rubissoll'3 - BRS
Amélia, T4 - BRS Cuia]T5 - PopcornT6 - Crioula sweet potato + Popcofiy, - BRS Rubissol + Popcorm8 - BRSAmélia +
Popcorn and T9 - BRS Cuia + Popcorn.

Treatments
Orders Total
T1 T2 T3 T4 T5 T6 T7 T8 T9

AC? 2 4 2 2 1 3 4 3 3 24 C*
AR 4 2 2 0 2 2 8 2 2 24 C
CP 41 41 25 35 28 47 41 32 44 334A

CL 23 19 8 14 32 12 3 3 9 123A

CH 0 0 0 0 0 1 0 0 0 1C
DE 1 4 2 2 2 3 4 4 3 25C
DP 0 0 0 0 0 0 1 0 0 1C
HE 2 3 1 0 1 1 2 2 1 13C
HY 22 24 29 22 20 30 25 32 30 234A

IS 2 4 2 3 3 3 4 4 3 28 C
IP 1 0 0 1 1 1 0 0 0 4C
OR 15 21 3 14 8 14 19 6 6 106 B
LP 1 3 2 1 2 1 3 4 3 20C
DI 2 6 3 5 3 4 3 3 5 34C

Richness 12Bb 11Cbh 11Ca 10Db 12B 13Aa 12Ba 11Ca 1l1Ca

Abundance 116Ab 131Aa 79Db 9Chb 103 B 122Aa 117Ab 95Ca 109Ba

1AC: Acarina; AR: Aranae; CP: Coleoptera; CL: Collembola; CH: Chilopoda; DE: Dermaptera; DP: Diplopoda; HE: Hemiptera; HY
Hymenoptera; IS: Isoptera; IP: Isopoda; OR: Orthoptera; LP: Lepidoptera e DI: Diptera. *Same uppercase letters in the column total, lines

for richness and abundance are not statistically different by the Skott Knott and lowercase in the lines (T1 x T6, T2 x T7, T3 x T8 and
T4 x T9) by Sudents t test, both at 5%.
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soil as a fertilizerbesides resulting in improvements in  As for the Simpson index (D), only the sweet potato
the chemical characteristics of the soil, it also benefitemlltivar BRSAmélia -T8 showed a lower dominance index
the development of the populations of Collembola specieshen intercropped with popcorn. The different information
Barettaet al. (2003), also demonstrated that the use dhat is observed when comparing the two studied indexes
organic fertilizers promotes the maintenance of the edapligcexpected, since the diversity index H'is extremely
fauna, and in some cases benefit the developmentiofluenced by the orders that present less frequeviuie
certain orders of organisms, such as Collembola specié®e index D is influenced by the orders found in greater
Silvaet al. (2013), concluded that the use of turnip/blackrequency or in dominant abundancéccording to
oat and vetch/turnip/black oat intercropping promoteRodriguest al. (2017), high values of the H’and D indices
an increase in the abundance of organisms and the numfioepolyculture areas indicate more uniform communities,
of Collembola species in the early stages. Da ®iléh  where the dominance of one or a few groups is reduced,
(2016), observed that the pasture area using pig slurry these results are important references for the farmer to
14 years, the Collembola species represented up to 71.988ftinue with the management of plant residues, which
of the total average number of collected organisms. make up the main source of food and habitat for most of
Regarding the diversity indexes, it was observed th#te species living in the soil.
most sweet potato cultivars showed a higher Shannon The table 1 showed that the single cultivation of sweet
index (H’) and Simpsos’dominance (D) when they werepotato cultivars provided the development of a greater
submitted to the intercropping with popcormlle 2). number of organisms of the orders Isopoda and
According to Silveet al. (2015), the number of orders Collembola, whereas the intercropping of sweet potato
(diversity) is one of the variables that is considered toultivars with popcorn provided a more favorable
determine the Shannanindex.Thus, it is a fact that the environment for the development of organisms of the
intercropping showed higher values of H’ when compareatders Dermaptera, Diptera and Hymenoptera. This finding
to the single cultivation (except BRS Cuia - T9), sincevas also observed in the analysis of the principal
only the sweet potato cultivar BR®élia did not present components (Figure 3).
a higher number of orders when it was submitted to the The data of the edaphic fauna when analyzed by
intercropped systerAlso, according to Silvet al. (2015), means of analysis of the principal components showed
conditions that provide the largest number of organisithat 61% of the total variation of the data occurred in the
orders, naturally tends to have higher H' values, so it cdinst two principal components. PC 1 explained 41% of the
be understood why the intercropping system presentedriation in the data and clearly separated the orders
the highest H’ values. Britet al. (2016) who evaluated Isopoda and Collembola in the negative quadrant and
the cultivation of cassava in the single system andirectly correlated to the single cropggso, in PC1, the
intercropped with jack bea@#énavalia ensiformis), millet  intercropping was clearly separated, except popcorn +
and dwarf pigeonpeaCéjanus cajan) did not observe Crioula sweet potato, in the positive quadrant and directly
higher values of H'in the intercropped system, due toorrelated to orders Lepidoptera and Hymenoptera. In PC
the dominance of the orders Collembola, Hymenopte® with 20% of the data variation, the corn popcorn + Cri-
and Diptera, which caused a reduction in H'. Likewiseula sweet potato intercropping separated in the negative
Silvaet al. (2013) reported that the vetch/turnip/black oatjuadrant and inversely correlated to the order Orthoptera.
intercropping reduced Shannewiversity by increasing In a study by Da Silvet al. (2016) PC 1 explained 54.24%
the population of springtail&lmeidaet al. (2017), in an of the data variability and included Coleoptera, Diptera
area that received the addition of large volumes of poultand Collembola among its biological variables. For Silva
litter also showed less diversity of organisms, due to thetal. (2015), the taxonomic groups Coleoptera, Hemiptera,
occurrence of a high population of springtails. Diptera, Hymenoptera and Isopoda were considered as

Table2: Indices of Shannos’ecological diversity (H’) and Simpsasrdominance (D) of edaphic faunganisms in treatmentsl:
Crioula sweet potatd;2: BRS RubissolT3: BRSAmélia; T4: BRS CuiaT5: PopcornT6: Crioula sweet potato + Popcofiy:
BRS Rubissol + Popcorit8: BRSAmélia + Popcorn and@9: BRS Cuia + Popcorn.

Treatments
Indices
T1 T2 T3 T4 T5 T6 T7 T8 T9
H’ 0.76 b* 0.83b 0.75b 0.77 a 0.78 0.78 a 0.84a 0.78 a 0.76 a
D 0.21b 0.18 b 0.24 a 0.21b 0.21 0.23a 0.20a 0.23a 0.25a

*Means followed by the same lowercase letter on lines indices between single and intercropped crops (T1 x T6, T2 x T7, T3 x T8 and T4
x T9) do not difer statistically by Sudents t test, at 5%.
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Figure 3: Factorial map (A) and circle correlation (B) obtained from the analysis of principal components 1 and 2 (PC 1 and PC 2)
carried out with the soil edaphic fauna data in the single and intercropped systems of sweet potato and popcorn.
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