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ABSTRACT

We aimed with this study to evaluate the potential of rapeseed planted following soybean, in
terms of its 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, in completely
randomized blocks design with five replications with 12 x 24m plot size. For three consecutive
years (2010/11, 2011/12 and 2012/13), soybeans were planted in all the area by
October/November being harvested in February/March, when previously marked plots were
planted in April with rapeseed (Brassica napus) or left in fallow — no plantation after soybeans.
In all years rapeseed was repeated at the same plots, with no crop rotation. Phytosociological
characterization of weed species was carried out in winter (after rapeseed harvest), pre-planting
and post-emergence of soybean for the three years. Relative density, frequency and
dominance, as well as the importance value for each species, was obtained for every year. The
most important oilseed crop weeds in the Savannah-like region of Brazil were Amaranthus
hybridus, Richardia 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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INTRODUCTION

Recent GMO technologies have aimed to employ herbicide resistance to soybean varieties.
Misuse of such technologies, however, led to the selection of weed species tolerant or resistant
to the herbicides applied with these technologies. The demand for partial or total substitution of
petroleum-based fuel oil for biofuels has become a topic of strategic security for many countries
(BEHRINGER et al., 2010). Rapeseed (Brassica napus), among other winter oilseed crops, are
promising for producing biofuels (CHAMMOUN, 2009), being also good choice for a profitable
second crop while keeping soil protected during fall/winter.

Even being a profitable option to replace the often used corn after soybean, rotation, the
potential of rapeseed to suppress the occurrence of weed species in areas where these are
rotated with soybeans need to be assessed. This crop 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 are properly suppressed — the
latter would be a highly desired side-effect.



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

MATERIAL AND METHODS

The long-term experiment was installed in 2010 under field conditions at Embrapa Western
Agriculture, Dourados 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 24m.

For three consecutive years (2010/11, 2011/12 and 2012/13), soybeans were planted in all the
area of the experiment by October/November, being harvested in February/March of the
following year. After each soybean crop, half of the area of the experiment was planted in April
with rapeseed (Brassica napus) being the other half left as winter fallow — no plantation after
soybeans. In all years rapeseed and fallow were at the same plots, with no crop rotation.

Soybean was planted, fertilized and managed according to the official Brazilian
Recommendations for Soybean Crop in Cerrado (Savannah). Winter oilseed crops were planted
in rows spaced in 0.4m, at plant densities of 25 plants m™ in the row. Fertilization was
accomplished by applying 347 kg ha™ of NPK 08-20-20 in the seeding furrow at planting every
year. No further management (fertilization or pest control) was accomplished.

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” evaluations occurred about 25 days
after soybean emergence, in November. For that, the Random Quadrats method (BARBOUR et
al., 1998) was used and 5 areas of 0.50 x 0.50 m were sampled in each plot (25 quadrats per
treatment in each evaluation). 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.

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
(BARBOUR et al., 1998).

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, Table 2, upper section) and evaluation season (average of 2011+2012+2013, Table
2, lower section), being presented for each area only the 10 most important weed species,
according to the IV (Table 2).

RESULTS AND DISCUSSION

Number of weed individuals and dry mass of weeds per area was lower in areas planted with
rapeseed compared to fallow, for all seasons (Figure 1a,b,c,d). In Winter (Figure 1a), about 19
plants m-2 were observed in rapeseed while 108 plants m? were observed at the fallow area,
immediately after harvest. The same was observed for dry mass, where 30 g m? were observed
in the oilseed crop areas against 83 g m™? at the fallow area. This translated to about 23% and
36% of the infestation, respectively for number of weed individuals and dry mass accumulated,
for the area planted with rapeseed compared to that under fallow (Figure 1a).



At the pre-planting of soybean (Figure 1b), infestation was kept at low levels in the area planted
with rapeseed. While 21 plants m? were observed for the area previously planted with
rapeseed, 71 plants m? at the fallow area. Similar behavior was observed for dry mass (Figure
1b).

At post-emergence of soybean (Figure 1c), there was still effects of the winter management on
the level of weeds infestation, where the area previously planted with rapeseed was always less
infested than the area under fallow. Weed dry mass was about 13 g m? at the area previously
planted with rapeseed, against 40 g m? at the area under fallow. 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 area
under rapeseed, but the latent infestation was high.

The season-pooled analysis (Figure 1d) showed that rapeseed performed well in inhibiting the
occurrence of weed species, and winter fallow should not be adopted in areas where soybeans
are to be cropped. When number of weeds and its respective dry mass are compared in Pre-
Planting (Figure 1b) and Post-Emergence (Figure 1c), 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 metabolism and allow
germination (SEVERINO, 2005). In practical terms, weed infestation at this area would be less
severe when a given crop is planted due to the time needed for plants of the weed species to
establish themselves, allowing the crop to have good advantage in development and causing its
canopy to shade seedlings of the weed species blocking their development (PUTNAN &
DeFRANK, 1983).

100

80
I
&

40
4
4

3
= .
s .
.
g o a
- n .

) - l

g see Tt =

Wapeseed  Patirw Wpeoind Palow Raporers Saliiwm

Figure 1. Number of plants of weed species (n° m'z) and dry mass (g m'z) of weeds as a function of crop
grown in winter in savannah-like region of Brazil. Embrapa Western Agriculture, Dourados-MS, 2014.
(A) = winter; (B) = pre-planting; (C) = post-emergence.

The evolution of weed occurrence from the assembly of the trial (Table 1, upper section)
showed that species changed from the first to the third year of the trial both for the oilseed crop
and fallow areas. At the area with oilseed crop, in 2011 R. brasiliensis and A. hybridus were the
most important weed species, which accounted for 36.4% of the Importance Value (1V); 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. virginicum 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 1). 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 1), H. parviflorus was responsible for about 15% of the IV at the
first and third years, while R. brasiliensis also ranged from 16.1 to 25.7% in IV. 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 1).

Besides the 1V, H. parviflorus, L. nepetifolia, L. virginicum and R. brasiliensis are highlighted for
its numerous offspring (De), each species solely representing, in most cases, more than 20% of
the individuals accounted at the experiment (Table 1). 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 1).

When the evaluation season is considered (Table 1, 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 the oilseed crop, 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
observed for the oilseed area, 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).

CONCLUSIONS

e Cultivation of rapeseed in Winter do contribute for lower weed infestation levels in the
subsequent soybean crop;

¢ Infestation composition changes among years. Some weed species start to be selected in
the absence of crop rotation;

¢ Amaranthus hybridus, Richardia brasiliensis, Lepidium virginicum, Leonotis nepetifolia and
Hybanthus parviflorus are highlighted as weed species with most potential to infest areas
grown with rapeseed;

¢ In the Savannah-like region of Brazil, areas often grown with soybean in summer, should
have its winter crop rotated with rapeseed to avoid weed selection, at least every two or three
years.
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Table 1. Phytosociological parameters of the 10 most important weed species, as a function of year (average of Winter/Pre-Planting/Post-Emergence evaluations), and cropping season (average of years

2011/2012/2013). Embrapa Western Agriculture, Dourados-MS, Brazil, 2014.

Weed Species

A. deflexus

A. hybridus

B. pilosa
C.benghalensis
E. heterophylla
H. parviflorus
L. nepetifolia

L. virginicum

R. brasiliensis
R. raphanistrum
S. cordifolia

Other species

A. deflexus

A. hybridus

B. pilosa

C. benghalensis
H. parviflorus

L. nepetifolia

L. virginicum

R. brasiliensis
R. raphanistrum
S. cordifolia

Other species

Winter Oilseed Crop

De

17.7
18.0
3.7
2.8

22.2
2.0
0.2

16.3
5.8
1.9
9.5

14.8
4.6
3.9
13
2.3
7.9
23

23.9

12.8
5.5

Fr

21.1
6.0
3.8

26.0

10.3
14.9
24.7
8.5
14.5

Do

2.6
22

\% De
2011
150 3.9
156 143
5.0 15
2.7 1.7
- 1.3
11.0 15.9
22 248
0.3 -
208 7.4
6.2 -
2.2 5
19.1 104
Winter
12 2.0
14.9 1.8
4.1 1.8
2.8 1.6
2.3 5.8
79 38.6
15 7.2
19.1 19.2
7.9 17.2
141 4.9

Winter Fallow

Fr

5.6
11.2
10.1

6.7

4.5
11.2
12.4

12.3

9.6
171

Do

14.2
7.6
14.3
7.3
14.2

v

7.9
11.6
10.5

3.3

5.2
15.1
14.7

13.4

4.4
13.7

4.7
5.9
7.1
4.5
5.2
23.6
8.3
17.2
11.4
12.1

Winter Oilseed Crop

De

6.9
18.5
4.1
2.9
2.0
13.9
1.0
17.2
54
19.3
8.8

5.8
3.1
2.2
215
10.4
20.9
23.4
0.3
3.8
8.6

Winter Fallow

Fr Do \% De Fr Do
2012
73 44 62 04 17 038
121 338 215 118 11 14.2
6.1 29 4.4 7.9 6.8 189
40 40 37 19 76 64
- - - 1.2 2.5 4
1.6 0.5 1.4 15 1.7 0.5
10.1 95 11.2 173 102 144
12 06 09 43 59 638
17.7 132 16.1 11.7 127 103
4.4 5.3 5.1 - - -
161 6.4 139 326 152 125
194 194 158 93 246 11
-------------------- Pre-Planting --------------=e-uno-
68 55 6.1 10 56 76
44 138 71 08 35 59
5 3.7 36 0.7 14 06
- - - 09 42 11
8.9 5.7 121 146 154 17.6
101 61 88 480 189 7.8
112 82 134 62 84 46
254 341 276 200 196 278
07 05 05 01 07 04
6.1 56 52 23 84 153
215 168 156 53 141 114

v

0.9
12.3
11.2

5.4

2.6

1.2
13.9

5.7
11.5

20.2
14.9

4.7
3.4
0.9
2.1
15.8
24.9
6.4
22,5
0.4
8.7
10.3

Winter Oilseed Crop

De

0.2
2.7
15
0.0

19.2
4.3
36.7
28.2
0.1
0.9
6.3

30.9
2.7
4.2

21.4
0.3

16.3

10.9
3.3

10.1

Winter Fallow

Fr Do \% De Fr Do
2013
0.7 0.0 0.3 0.7 5.2 9.4
4.3 179 83 0.4 2.2 4.7
3.6 3.3 2.8 0.4 0.9 0.5
0.0 0.0 0.0 0.9 4.7 1.5
11.2 6.9 124 123 155 189
7.9 0.7 43 523 211 105
223 210 267 6.9 103 7.4
317 381 326 213 211 348
0.4 0.2 0.2 - - -
0.7 0.0 0.5 15 7.3 6.2
173 119 118 3.2 11.6 5.9
------------------ Post-Emergence -------------------

19.1 217 239 186 139 127
6.1 3.5 4.1 152 93 8.4
51 1.5 3.6 1.3 8.3 1.3
5.5 6.5 11.1 124 111 245
1.1 0.4 0.6 28.1 10.2 9.2
212 351 243 74 120 282
106 179 131 4.2 5.6 6.9
6.1 0.1 3.2 6.6 102 33
253 132 162 6.3 194 56

v

51
24
0.6
2.4

15.6
27.9
8.3
25.7

51
6.9

15.1
11.0
3.7
16.0
15.8
15.9
55
6.7
10.4

Winter Oilseed Crop: rapeseed; Winter Fallow: planted with soybean, no crops in winter; De = density; Fr = frequency; Do = dominance; I.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.



