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Abstract

We aimed with this study to evaluate the potential of oilseed crops planted following soybean, in
terms of their ability to inhibit the occurrence of weed species under Brazilian Savannah cropping
systems. The long-term experiment was installed in 2010 at Dourados, MS, Brazil, and in com-
pletely randomized blocks design with five replications with 12 x 24 m plot size. For three consec-
utive years (2010/11, 2011/12 and 2012/13), soybeans were planted in all the area by Octo-
ber/November being harvested in February/March, when previously marked plots were planted
in April with: (1) radish (Raphanus sativus); (2) rapeseed (Brassica napus); (3) crambe (Crambe
abyssinica); (4) winter fallow-no plantation after soybeans. In all years the same crop was re-
peated at the same plots, with no crop rotation. Phytosociological characterization of weed species
was carried out in winter (after oilseeds harvest), pre-planting and post-emergence of soybean for
the three years. Relative abundance, frequency and dominance, as well as the importance value
for each species, was obtained. Areas were also intra-characterized by the coefficients of Simpson,
Shannon-Weiner and Shannon-Weiner’s Evenness Proportion, and areas were compared for spe-
cies dissimilarity with Jaccard’s presence-only coefficient, by multivariate cluster analysis. Oilseed
crops definitely contribute for sustainable weed management as a cultural tool. The most impor-
tant oilseed crop weeds in the Savannah-like region of Brazil were Amaranthus hybridus, Richar-
dia brasiliensis, Lepidium virginicum, Leonotis nepetifolia and Hybanthus parviflorus. After three
years of repetitive crop succession, some weeds were selected, and rotation in Winter is advised at
least every two or three years.
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1. Introduction

Soybean is one of the leading economical crops grown in Brazil, with about 27.7 million hectares planted in the
2013/2014 cropping season. Soybean yields in Brazil had significantly increased in the last decades, and current
Brazilian average yield is 3035 kg-ha™ [1]. Among the factors which limit crop yield, the occurrence of weed
species can be highlighted as one of the most relevant facts [2].

Recent GMO technologies have aimed to employ herbicide resistance to soybean varieties and the weed in-
festation have drastically reduced in most fields with such technologies. Lack of Government regulation and
Farmer’s mismanagement of such technologies, however, led to the selection of weed species tolerant or resis-
tant to the herbicides applied with these technologies [3]. The glyphosate-resistant Roundup Ready® soybean
was widely used in Brazil for at least ten years, and currently Conyza bonariensis, C. canadensis, C. sumatrensis,
Digitaria insularis, Lolium multiflorum [4] and Eleusine indica [5] are resistant to this herbicide, due to its ex-
tensive and almost uncontrolled use in Roundup Ready soybean. This abuse, moreover, resulted in the selection
of weed species naturally more tolerant to glyphosate, namely Ipomoea spp., Richardia brasiliensis and Com-
melina benghalensis (tropical spiderwort), among others.

These facts have made researchers and companies retreat from the excessive reliability in GMO crops and has
provided new possibilities to researches that regard integrated weeds management and integrated cropping sys-
tems [6] [7]. Researchers also started to notice that it is important to know the key traits of weed plants intended
to be eliminated from the system, in order to develop management techniques that are efficient to the controlling
of such species [8]. Phytosociological surveys started to gain relevance at the Weed Science field.

One of the main management practices which contribute to the reduction in weeds infestation is the conti-
nuous maintenance of straw on the soil surface [9], which limits weeds access to light. In addition, some plant
species produce chemicals which usually exudate to soil through the root system, inhibiting germination and/or
growth of other plant species. This phenomenon is called Allelopathy [10].

The intercrop of corn second crop (planted after soybeans) with Brachiaria ruziziensis was developed to al-
low the maintenance of a bold layer of mulching from the forage on soil after corn is harvested [9], thus soil
would not be exposed to direct rainfall and sunlight when crop is not present. The crop succession soybean-corn
+ B. ruziziensis year after year, however, also started to select pests and weed species, urging for diversification
at the second cropping season in Brazilian Savannah.

In addition, the demand for partial or total substitution of petroleum-based fuel oil for biofuels has become a
topic of strategic security for many countries [11], aiming to meet both the increasing demand for energy and the
new required limits for emission of gases responsible for the greenhouse effect [12]. Radish (Raphanus sativus),
crambe (Crambe abyssinica) and rapeseed (Brassica napus) are promising for producing biofuels [13], being
these winter oilseed crops good choices for a profitable second crop while keeping soil protected during fall/
winter; they can be planted later than corn, developing well even when planted after march 10", which is a
deadline for corn planting in the Brazilian Savannah [9].

Even being a profitable option to replace corn after soybean, the potential of these oilseed crops suppress the
occurrence of weed species in areas where these are rotated with soybeans that need to be assessed. Oilseed
crops could either demand additional herbicide application in the cropping system throughout the year for not
suppressing weeds, or reduce herbicide demand supposing the most important weed species that are properly
suppressed—the latter would be a highly desired side-effect.

This study aimed to evaluate the potential of oilseed crops planted following soybean, in terms of their ability
to inhibit the occurrence of weed species under Brazilian Savannah cropping systems.

2. Materials and Methods

The long-term experiment was installed in 2010 under field conditions at Embrapa Western Agriculture, Dou-
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rados city, state of Mato Grosso do Sul, Brazil, at coordinates 22°16'S and 54°49'W at 408 m above sea level.
The trial was installed in completely randomized blocks design with five replications with plot size of 12 x 24
m.

For three consecutive years (2010/11, 2011/12 and 2012/13), soybeans were planted in all the area of the ex-
periment by October/November, being harvested in February/March of the following year. After each soybean
crop, each previously marked plot of the experiment was planted in April according to the treatment: (1) radish
(Raphanus sativus); (2) rapeseed (Brassica napus); (3) crambe (Crambe abyssinica); (4) winter fallow-no plan-
tation after soybeans. In all years the same crop was repeated at the same plots, with no crop rotation.

Soybean was planted, fertilized and managed according to the official Brazilian Recommendations for Soy-
bean Crop in Cerrado (Savannah). Winter oilseed crops were planted in rows spaced in 0.4 m, at plant densities
of 32, 25 and 54 plants'm * in the row, respectively for radish, rapeseed and crambe. Fertilization was accom-
plished by applying 347 kg-ha * of NPK 08-20-20 in the seeding furrow at planting every year. Pest control was
necessary only at the initial growth stages, being accomplished by a single application of 35.2 g-ha * of thiame-
thoxam + 26.5 g-ha ! lambda-cyhalothrin 20 - 30 days after planting. No further management (fertilization or
pest control) was accomplished.

The amount of straw (in terms of dry mass) and its resultant percentage of soil covered were evaluated right
after the harvest of winter crops every year. Data for these parameters were presented in histograms as a func-
tion of means and standard errors.

Phytosociological characterization of weed species was carried out every year for all areas, at three periods.
“Winter” evaluations were accomplished right after harvest of the winter oilseed crops, by July/August; “Pre-
Planting” evaluations were accomplished about 30 days after chemical burndown (no residual herbicides were
used) prior to planting soybean, usually by end of September or beginning of October; “Post-Emergence” evalu-
ations occurred about 25 days after soybean emergence, in November. For that, the Random Quadrats method
[14] was used and 5 areas of 0.50 x 0.50 m were sampled in each plot (25 quadrats per treatment in each evalua-
tion). All the emerged seedlings inside each quadrat were identified by species, collected and stored in paper
bags, being dried in oven with continuous air circulation for posterior dry mass determination. Sampling preci-
sion was estimated as follows:

1

Pr.De = (Do) 1)
1

Pr.Do:—SZ(DO) )

where Pr.De = sampling precision based on density; Pr.Do = sampling precision based on dominance; s* (De) =
variance of sample density means; s* (Do) = variance of sample dominance means.

Estimations of relative density (based on number of individuals), relative frequency (based on the distribution
of the species in the area) and relative dominance (based on the ability of each species to accumulate dry mass)
were done for each species present. The Importance Value (1.V.), which ranks species in terms of importance
within the studied area, was also determined [14] [15], with the following equations:
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where rDe = relative density (%); rFr = relative frequency (%); rDo = relative dominance (%); 1.V. = impor-

tance value; | = number of individuals of species x in the area r; Tl = total number of individuals in the area r; Q

= number of quadrats assessed in area r where species x is present; TQ = total number of quadrats assessed in
area r; DM = dry mass of individuals from species x in the area r; TDM = total dry mass of weeds in the area r.

1V. (6)
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At the phytosociological analysis, oilseed crops were pool analyzed against the area under fallow both as a
function of cropping season (average of Winter + Pre-planting + Post-emergence) and evaluation season (aver-
age of 2011 + 2012 + 2013), being presented for each area only the 10 most important weed species, according
to the 1.V., plus a discriminative analysis per crop (three-year average). Areas were also intra-characterized by
the diversity coefficients of Simpson (D) and modified Shannon-Weiner (H’) [14], as well as by the Shan-
non- Weiner’s Evenness Proportion (SEP) coefficients [16], as follows:

D:l_Znix(ni—l)

N ><(N —1) Y

H'=3"(pixIn(pi)) (8)

SEP - H' domin:?\nce ©)
H' density

where D = diversity coefficient of Simpson; H* = diversity coefficient of Shannon-Weiner (based on density); ni
= number of individuals from species “i”; N = total number of individuals in the sample; pi = proportion of indi-
viduals in the sample from species “i”’; SEP = Shannon-Weiner’s Evenness Proportion; H” dominance = Shan-
non-Weiner’s diversity based on biomass; H’ density = Shannon-Weiner’s diversity based on number of indi-
viduals.

After these analyses, areas were compared by Jaccard’s presence-only similarity coefficient [14] in a way to
estimate the current degree of weeds similarity between areas. Based on Jaccard’s binary coefficient, areas were
grouped by cluster analysis considering the qualitative trait only (presence or absence of the species), according
to the dissimilarities obtained from the inverse of Jaccard’s similarity matrix, as follows:

. cC
a+b-c
Di=1-1J (11)
where J = Jaccard’s similarity coefficient; a = number of plant species in area “a”; b = number of plant species
in area “b”; ¢ = number of plant species common to areas “a” and “b”; and Di = dissimilarity.

Hierarchical grouping was determined from the distance matrix (dissimilarities) [12] by using the Unweighted
Pair Group Method with Arithmethic Mean (UPGMA) method [17]. Grouping validation was accomplished by
the cophenetic correlation coefficient, using the Pearson linear correlation between the cophenetic matrix and
the original matrix of distances [18].

All analyses were run under the R Statistical Environment [19], using functions made available by the fol-
lowing additional packages: vegan, Hmisc, cluster and ExpDes. All formulas and procedures, both at sampling
and description of the areas, as well as at species clustering, followed the requirements suggested by Barbour et
al. [14] for synecological analyses.

(10)

3. Results and Discussion

Sampling precision proved most areas were precisely sampled, according to the demanded by Bordeau [20] and
Goldsmith & Harrison [21], who stated the variance of sample means increases as the number of sampled qua-
drats per area decreases. Barbour et al. [14] finally proposed the inverse of the variance (Equation (1)) as an in-
dicator of precision; in this study, we considered a threshold level of “1” as the minimal precision accepted for a
reliable sampling. Only dominance of rapeseed in Winter was considered not reliable (Table 1), being consi-
dered with restrictions in the further analysis.

The percentage of soil surface covered by straw resulting from the winter crops, as well as crop stubble dry
mass, is shown in Figure 1. There was a direct relationship between the volume of dry mass produced by each
crop/management and the respective the percentage of soil covered by this stubble (Figure 1) (Pearson correla-
tion = 82.5%"). On the other hand, there were only weak relationships both between the percentage of soil cov-
ered and the number of plants of weed species, and between soil covered and dry mass of weeds, which were not
significant.

The number of weed individuals and dry mass of weeds per area was lower in areas planted with any oilseed
crop compared to fallow areas, for all seasons (Figures 2(a)-(d)), except dry mass of weeds in crambe at
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Figure 1. Soil covered (%) and dry mass (kg-ha™*) accumulated by winter oilseed crops, evaluated right af-
ter harvest. Embrapa Western Agriculture, Dourados, MS, Brazil, 2014.
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Figure 2. Number of plant individuals (ll—m?) and its respective dry mass ( —g-m2) of weed species in Winter (a),
pre-planting of soybean (b); early post-emergence of soybean (c) and season-pooled analysis (d). Data as average of three
cropping seasons (2011/2012/2013). Embrapa Western Agriculture, Dourados, MS, Brazil, 2014.
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Table 1. Sampling precision as a function of season, crop and parameter evaluated. Embrapa Western Agriculture, Dourados,
MS, Brazil, 2014.

Winter Pre-Planting

Area Pr.De Pr.Do Pr.De Pr.Do
Radish 141 19 1237 665
Rapeseed 1134 0.8 19 493
Crambe 476 51 192 217
Fallow 148 152 37 62

Post-Emergence Pooled

Area Pr.De Pr.Do Pr.De Pr.Do
Radish 196 173 585 151
Rapeseed 51 1054 32 523
Crambe 3105 132 285 349
Fallow 36 54 152 61

Precision was obtained as 1/(variance of sample means), according to Barbour et al. [14], based on 25 sampled quadrats per area. Pr.De = sampling
precision based on density; Pr.Do = sampling precision based on dominance.

pre-planting (Figure 2(b)). In Winter (Figure 2(a)), about 27 plants'm ? were observed as average of the winter
crops while 108 plants'm 2 were observed at the fallow area, immediately after oilseed crops harvest. The same
was observed for dry mass, where 30 g'm ™ were observed in the oilseed crop areas against 83 g-m 2 at the fal-
low area. This translated to about 25% and 36% of the infestation, respectively for number of weed individuals
and dry mass accumulated, for areas planted with oilseed crops compared to areas under fallow (Figure 2(a)).

At the pre-planting of soybean (Figure 2(b)), infestation was kept at low levels in areas previously planted
with radish and rapeseed, but crambe straw failed to suppress weeds at the same level. While 12 and 21
plants'm 2 were observed for areas previously planted with radish and rapeseed, respectively, at the area with
crambe 32 plants-m ? were reported, against 71 plants‘m? at the fallow area. Dry mass presented similar beha-
vior, except for rapeseed, where plants emerged but did not grow at the same rate of the ones observed at radish
and crambe areas (Figure 2(b)).

All oilseed crops were able to inhibit weeds emergence and establishment during winter, when crops were
present, but at the pre-planting crambe did not perform well. This may be due to two reasons: 1) both soil cov-
ered and crop dry mass accumulated at the post-harvest of oilseed crops were smaller for crambe compared to
radish or rapeseed, in part because this crop has shorter cycle thus being harvested about 60 days in advance
(Figure 1), and 2) the allelopathic effect of radish and rapeseed in suppressing weeds may be more pronounced
than crambe. In fact, Uygur et al. [22] reported that extracts of radish completely inhibited the germination of 4
crop plants and 11 weed species. Although radish accumulate greater dry mass than crambe (Figure 1), its abil-
ity to suppress weeds (Figure 2) was higher than what would be attributed to the differential dry mass accumu-
lation, being attributed to the allelopathic effect of radish, as previously reported.

At post-emergence of soybean (Figure 2(c)), there was still effects of the winter management on the level of
weeds infestation, where areas previously planted with oilseed crops were always less infested than the area un-
der fallow, and similar among them in terms of number of weed individuals per area. Dry mass of weeds, how-
ever, differed not only from the fallow but also among oilseed crops (Figure 2(c)). Weed dry mass was about 13,
37 and 46 g'm 2, respectively at areas previously planted with rapeseed, radish and crambe. Although weed dry
mass accumulation was not pronounced at the fallow area by the time of evaluation-probably due to the coupled
effect of soybean shading and glyphosate application, the high number of individuals at this treatment indicated
that weeds were smaller than the observed at the areas under oilseed crops, but the latent infestation was high.

The season-pooled analysis (Figure 2(d)) showed that radish and rapeseed performed better than crambe in
inhibiting the occurrence of weed species, and winter fallow should not be adopted in areas where soybeans are
to be cropped. Although infestation at the area with crambe was higher, this crop was still able to suppress in
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more than 50% the occurrence of weeds compared to fallow, which also resulted in smaller weed dry mass per
area (Figure 2(d)).

When number of weeds and its respective dry mass are compared in Pre-Planting (Figure 2(b)) and Post-
Emergence (Figure 2(c)) of rapeseed, it is possible to infer that weeds were smaller compared to the ones
present at the other areas, thus with delayed emergence. This delayed emergence of weeds in rapeseed is most
probably a consequence of the time needed for seeds forced to a quiescent or dormant state to restart their me-
tabolism and allow germination [23].

The longer cycle of rapeseed compared to radish and crambe could also participate in this delayed emergence
of weeds, but evaluations where plants took longer to germinate were conducted at pre-planting and post-emer-
gence of soybean, where the effect observed on weeds could be more reliably attributed to the rapeseed mulch-
ing left on soil than to rapeseed cycle. In practical terms, weed infestation at this area would be less severe due
to the time needed for plants of weed species to establish themselves, allowing crop to have good advantage in
development, causing shading and suppressing weeds [24] [25].

The evolution of weed occurrence from the assembly of the trial (Table 2, upper section) showed that species
changed from the first to the third year of the trial both for the oilseed crops and the fallow area. At the areas
with oilseed crops, in 2011 R. brasiliensis and A. hybridus were the most important weed species, which ac-
counted for 36.4% of the Importance Value (IV); in 2012 part of the IV from R. brasiliensis was shifted to A.
hybridus, but both were still the most important weed species. At the third year of the experiment, R. brasiliensis
and L. virginicum were the most important ones.

While R. brasiliensis was important all throughout the trial, accounting for 16.1% - 32.6% of the 1V, L. virgi-
nicum started as a weak weed species which jumped from IV = 0.3% at the first year to IV = 26.7% at the third
year (Table 2). This greatly highlights weed management in areas often planted with oilseed crops should focus
on controlling these two weeds if they are present, besides A. hybridus, H. parviflorus and L. nepetifolia which
were also important in years where climatic conditions favored its occurrence. L. nepetifolia (klip dagga) is a
common, but low competitive weed, which is usually either easily controlled with herbicides or suppressed by
other plant species.

For the area under fallow (Table 2), H. parviflorus was responsible for about 15% of the 1V at the first and
third years, while R. brasiliensis also ranged from 16.1% to 25.7% in V. At the first year infestation was more
balanced, with five weed species presenting IV of about 10% - 15%; at the third year, however, L. nepetifolia
and R. brasiliensis suppressed most weed species, representing together 53.6% of the overall infestation in the
area under fallow (Table 2).

Besides the 1.V., H. parviflorus, L. nepetifolia, L. virginicum and R. brasiliensis are highlighted for its nu-
merous offspring (De), each species solely representing, in most cases, more than 20% of the individuals ac-
counted at the experiment (Table 2). In the same way, A. hybridus, L. virginicum and R. brasiliensis were the
most vigorous weed species as their Dominance (Do) was often higher than 20% (Table 2).

When the evaluation season is considered (Table 2, lower section), it is noted that the most important weed
species in the system were present all throughout the year. For the area grown with oilseed crops, R. brasiliensis
was the most important one from Winter to Post-Emergence, followed by A. hybridus in Winter and Post-
Emergence. At the intermediary assessment, L. virginicum surpassed A. hybridus in importance. For the area
under fallow, R. brasiliensis was also the most important and persistent weed species, but contrary to the ob-
served for the oilseed areas, L. nepetifolia surpassed L. virginicum and A. hybridus as the second most important
species in Winter and Pre-Planting, and H. parviflorus was the second most important one in Post-Emergence
(Table 2). Overall, there was no weed species most present in a certain season; important weed species were the
ones with year-round occurrence (Table 2).

Mas et al. [26] observed that weed communities after five or more years of no-till glyphosate-tolerant soybean
cropping systems had: (i) higher relative abundance of perennials (52.1% versus 31.7%), and (ii) higher relative
abundance of dicotyledons (66.3% versus 38.5%) than the weed communities of fields with <5 years of no-till.
At this study, a predominance of broadleaved weeds was also observed (Table 2), although the absolute level of
infestation was reduced in areas planted with winter oilseed crops (Figure 2).

When areas were compared among them, as average of three years with three assessments per year (Table 3),
R. brasiliensis was reported as the most important weed in crambe following L. virginicum, and the second most
important in radish, rapeseed and fallow areas. A. hybridus was the most important species in radish and the
third most important in rapeseed, crambe and fallow. H. parviflorus, reported as the most important one in rape
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Table 2. Phytosociological parameters of the 10 most important weed species, as a function of year (average of Winter/Pre-Plant-
ing/Post-Emergence evaluations), and cropping season (average of years 2011/2012/2013). Embrapa Western Agriculture, Dourados,
MS, Brazil, 2014.

Winter Oilseed - Winter Oilseed - Winter Oilseed
Crops Winter Fallow Crops Winter Fallow Crops

Weed Species De Fr Do IV. De Fr Do IV. De Fr Do I.V. De Fr Do LV. De Fr Do LV. De Fr Do IV.

Winter Fallow

2011 2012 2013

A. deflexus 17.7 8.1 191150 39 56 141 79 69 73 44 62 04 17 08 09 02 07 00 03 07 52 94 51
A. hybridus 18.0 13515415614311.2 93 11.6 18512.133.821511.8 11 142123 2.7 43 179 83 04 22 47 24

B. pilosa 37 76 38 50 15 101 65 105 41 6.1 29 44 79 68 189112 15 36 33 28 04 09 05 0.6
C. benghalensis 28 38 16 27 17 6.7 16 33 29 40 40 37 19 76 64 54 00 00 0.0 00 09 47 15 24
E. heterophylla - - - - 13459952 - - - - 1225 4 26 - - - - - - - -
H. parviflorus 222 6.0 4.9 11.0159112181151 20 16 05 14 15 17 05 1.2 192112 6.9 124123155189 156
L. nepetifolia 20 38 08 22248124 69 147139101 95 11.217.310.2144139 43 79 07 43 523211105 279
L. virginicum 02 050103 - - - - 10 12 06 09 43 59 68 57 36.722321.026.7 6.9 103 74 83
R. brasiliensis 16.3 21.1249208 7.4 12.320.313.417.217.713.216.1 11.7 12.7 10.3 11.5 28.2 31.7 38.1 32.6 21.3 21.1 34.8 25.7
R. raphanistrum 58 6.0 6.8 6.2 - - - - 54 44 53 51 - - - - 01 04 02 02 - - - -
S. cordifolia 19 38 09 22 5 6.7 16 44 19316.1 64 139 326152125202 09 0.7 00 05 15 73 6.2 51

Other species 95 26.021.719.110.419.111513.7 88 194194158 93 246 11 149 63 173119118 3.2 116 59 6.9

Winter Pre-Planting Post-Emergence-----------------

A. deflexus 148 6.8 144 12 20 59 63 47 58 68 55 61 10 56 76 47 - - - - - - - -
A. hybridus 46 73 328149 18 43 118 59 31 44 138 71 08 35 59 34 30919.121.7239186139127 15.1
B. pilosa 39 55 28 41 18 3715971 22 5 37 36 07 14 06 09 27 6.1 35 41 152 93 84 110
C. benghalensis 1.3 3 43 28 16 59 59 45 - - - - 09 42 11 21 42 51 15 36 13 83 13 37
H. parviflorus 23 43 03 23 58 75 24 52 21589 57 12114615417.615821.4 55 65 111124111245 16.0
L. nepetifolia 79 103 54 79 38.618.114.223610410.1 6.1 88 48.0189 7.8 249 03 11 04 0.6 281102 9.2 158

L. virginicum 23 14971 15 72 101 76 83 209112 82 134 6.2 84 46 64 - - - - - - - -
R. brasiliensis 239 247 83 19.119.218.114.317.2 23.425.4 34.1 27.6 20.0 19.6 27.8 22.5 16.321.2 35.1 243 7.4 12.0 28.2 15.9
R. raphanistrum - - - - - - - - 03 07 05 05 01 07 04 04 109106179131 42 56 69 55
S. cordifolia 128 85 26 79 172 96 73 114 38 6.1 56 52 23 84 153 87 33 6.1 01 32 6.6 102 3.3 6.7

Other species 55 145 22 141 49 171142121 86 21.516.8 156 53 141114103 10.125313.216.2 6.3 19.4 56 104

Winter Oilseed Crops: radish, crambe and rapeseed areas; Winter Fallow: planted with soybean, no crops in winter; De = density; Fr = frequency; Do =
dominance; 1.V. = importance value; (-) = species absent from the area. Evaluations: “Winter” = right after harvest of the winter oilseed crops, by July/August;
“Pre-Planting” = about 30 days after no-residual chemical burndown prior to planting soybean, by September/October; “Post-Emergence” = about 25 days after
soybean emergence, in November.

seed, is not a traditional weed species but its importance is increasing at the Center-West region of Brazil. This
species is not efficiently controlled by the glyphosate or 2, 4-D, the main burndown herbicides used prior to
planting soybean.

A. hybridus and R. brasiliensis are reported as the most dominant species in radish, rapeseed and crambe areas,
highlighting its ability to accumulate dry mass and compete for physical space with the crop. Both species were
also the ones with the highest densities in radish, while H. parviflorus, L. virginicum and L. nepetifolia were the
densest ones, respectively in rapeseed, crambe and fallow areas (Table 3).
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Table 3. Phytosociological parameters of the 10 most important weeds infesting winter oilseed crops and fallow, as average
of three years (2011/2012/2013) with three evaluations per year (Winter, Pre-planting and Post-emergence of soybean). Em-
brapa Western Agriculture, Dourados, MS, Brazil, 2014.

Radish Rapeseed Crambe Winter Fallow
Species De Fr Do IV. De Fr Do IV. De Fr Do IV. De Fr Do IV
A. deflexus 76 05 50 44 62 01 29 30 77 29 119 75 12 21 58 30
A. hybridus 240 113 326 226 56 64 207 109 85 46 20 110 56 93 105 85
B. pilosa - - - - - - - - 32 07 37 25 47 05 111 54
E. colona - - - - 02 55 80 45 - - - - - - - -
E. indica 03 161 06 57 - - - - 02 62 01 21 - - - -
E. hieraciifolius - - - - 01 128 01 43 - - - - 01 164 01 55
H. parviflorus 64 43 28 45 406 55 120 194 20 62 04 29 103 43 92 79
1. nil 03 231 01 78 01 260 01 87 09 232 37 93 03 171 01 58
L. nepetifolia 66 54 48 56 81 132 49 87 54 23 40 39 391 109 119 206
L. sibiricus - - - - 06 01 152 53 - - - - - - - -
L. virginicum 61 16 07 28 - - - - 322 03 110 145 51 01 58 37
R. raphanistrum 84 11 116 7.0 - - - - - - - - - - - -
R. brasiliensis 217 01 213 143 190 01 159 117 231 07 279 172 166 01 196 121
S. cordifolia 106 01 31 46 82 05 56 48 - - - - 97 01 87 62
S. rhombifolia - - - - - - - - 01 170 01 57 - - - -
Other species 79 366 177 207 117 301 148 189 168 36.0 174 234 74 394 172 213

De = density; Fr = frequency; Do = dominance; I.V. = importance value; (-) = species was absent from the area.

The diversity coefficient of Simpson (D) quantifies, in simple terms, the probability of two individuals ran-
domly collected in the same area to be from the same species [14]. In Winter, D showed a most homogeneous
group of areas in terms of diversity, while H’ discriminated two groups, with radish and rapeseed into the first
group, and crambe and fallow into the second (Table 4). The diversity coefficient of Shannon-Weiner (H’), on
the other hand, derives from the Theory of the Information and sometimes confuses diversity with richness of
species [14]. This difference, although not highly remarkable, shows that the overall group of important weeds
was mostly composed by the frequent species, as H” was greatly changed while no correspondent shifts in infes-
tation were noticed in the phytosociology (Table 2 and Table 3).

At Pre-Planting, both D and H’ reported rapeseed area as the one with the lowest diversity in terms of plant
species (Table 4), which may be due to the longer cycle of rapeseed compared to radish and crambe, whose re-
sidues were later deposited lasting longer and covering soil more efficiently (Figure 1).

At Post-Emergence of soybean, both coefficients agreed while forming two groups in terms of species diver-
sity: the first included radish and rapeseed while the second was represented by crambe and fallow areas (Table
4). We hypothesize that the higher allelopathic effect attributed to radish and rapeseed [27] compared to crambe,
may be one of the responsible for such results; in addition, the longer cycle of rapeseed compared to radish and
crambe contributes to its higher mulching, once it is harvested later than the others. This demonstrates that the
beneficial effects of the winter oilseed crops last longer into summer helping to reduce weeds occurrence.
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Table 4. Diversity and stress coefficients of areas as a function of crop and evaluation season (average of 2011/2012/2013).
Embrapa Western Agriculture, Dourados, MS, Brazil, 2014.

Winter Pre-Planting

Area D H’ SEP D H’ SEP

Radish 0.85 2.03 0.68 0.86 2.28 1
Rapeseed 0.84 2.18 0.97 0.64 147 1.25
Crambe 0.71 1.67 117 0.79 2.06 1.07

Fallow 0.77 1.89 1.29 0.7 1.65 1.33

Post-Emergence Pooled

Area D H’ SEP D H’ SEP
Radish 0.71 1.59 1.06 0.86 2.25 0.99
Rapeseed 0.61 1.38 1.16 0.78 1.97 1.19
Crambe 0.84 2.28 0.74 0.82 2.27 1.02

Fallow 0.84 2.08 0.96 0.79 2.03 1.24

D = Simpson; H’ = Shannon-Weiner; SEP = Shannon-Weiner’s Evenness Proportion. Evaluations: “Winter” = right after harvest of the winter oil-
seed crops, by July/August; “Pre-Planting” = about 30 days after no-residual chemical burndown prior to planting soybean, by September/October;
“Post-Emergence” = about 25 days after soybean emergence, in November; “Pooled” = Winter + Pre-planting + Post-emergence.

According to Correia & Durigan [28], diversity is not directly related to higher infestation levels, and we
found that to be true by comparing data in Figure 2 and Table 4. As both diversity coefficients are weighted not
only by the number of species but also by the balancing in the number of individuals from each species [14], one
can infer the allelopathic potential often attributed to radish and rapeseed will be even more positive to the crop-
ping system if they are able to inhibit the germination or emergence of the main weed species previously nomi-
nated, which should be verified in further studies.

The season-pooled analysis reported a single group of diversity among crops according to D, while H’ re-
moved rapeseed from the homogeneous group due to a lower diversity coefficient (Table 4). This lower diver-
sity pointed out by H’ could mean rapeseed is more efficient in inhibiting rare species compared to the most
frequent ones, but the equivalent V.I. attributed to “Other species”, for all areas (Table 3) does no support this
hypothesis; so, weed suppression caused by rapeseed in the cropping system throughout the year is most proba-
bly effective on all weed species at similar levels, which resulted in the lowest overall infestation (Figure 2(d)).

The Shannon-Weiner’s Evenness Proportion (SEP) is able to evaluate trends of stress in a given environment
over time, and as its relation with the Difference in Area by Percent (DAP) is log-linear [16], the cropping sys-
tem is likely to be as stressed as the SEP grows. In Winter there was a trend for areas often planted with radish
or rapeseed to be less stressed than the others, with smaller selection pressure (Table 4). This trend was mod-
erately observed in the Pre-Planting assessment being almost diluted at Post-Emergence. In the pooled analysis,
however, there is indication that areas grown with radish and crambe may be under less intensive stress, thus
contributing for selection of less specialized weed species. The general behavior of rapeseed was considered as
intermediary between radish/crambe and fallow, the less and most stressed production fields, respectively, in
terms of weeds selection (Table 4).

The cluster analysis showed the nesting pattern for areas, according to their levels of similarity (Figure 3).
The clustering tree obtained by the UPGMA method was validated for Winter and Pooled Analysis, with respec-
tive cophenetic correlation coefficients equal to 99% and 98%. Both at Pre-Planting and Post-Emergence, the
cophenetic coefficient was equal respectively 0.75% and 0.78%, which was considered not sufficient for relia-
bility thus being discarded (data not shown).

Both valid nesting patterns grouped radish and crambe at 29% and 40% dissimilarity, respectively for Winter
and year-round (Pooled) analysis (Figure 3). In Winter, rapeseed and fallow areas were not nested, consisting in
two distinct groups with a single component each one; at the pooled analysis (Figure 3(b)), the fallow area was
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Figure 3. Cluster analysis by dissimilarity of weed species in areas submitted to distinct winter managements for three years.
(@) = Winter (evaluation right after harvest of the winter oilseed crops, by July/August); (b and c) = evaluations at
pre-planting and post-emergence of soybean; data not shown and not considered due to a low cophenetic coefficient; (d) =
pooled analysis (Winter + Pre-planting + Post-emergence). Distances were found by using the inverse of Jaccard’s coeffi-
cient, and grouping was accomplished by the UPGMA method. Embrapa Western Agriculture, Dourados, MS, Brazil, 2014.

grouped with radish and crambe, while rapeseed was separately classified. The nesting pattern (Figure 3) is ac-
cording to the observed for the SEP analysis (Table 4), where radish and crambe were considered, in general
terms, in the less stress-prone areas in terms of weed selection.

Overall, oilseed crops may constitute an economically viable alternative for rotation with the intercrop corn +
Brachiaria, which is planted after soybean in most areas of Brazilian Savannah (Cerrado), and definitely they
contribute for a more sustainable weed management as a cultural tool. The most important weed species in
cropping systems involving oilseed crops (radish, rapeseed or crambe) in the Savannah-like region of Brazil,
were Amaranthus hybridus, Richardia brasiliensis, Lepidium virginicum, Leonotis nepetifolia and Hybanthus
parviflorus; thus, any weed control practice applied to the field should focus on and be efficient on these species.
After three years of repetitive crops successions, although no serious species selection was noticed, there were
some weeds which started to be selected, and rotation in Winter of oilseed crops for the intercrop corn + Bra-
chiaria is advised at least every two or three years of cultivation. This is most critical for areas planted with ra-
peseed after soybean, since this area was more stressed for weed species selection compared to areas planted
with radish and crambe.
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