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Abstract 

 
The purpose of this research was to assess the crop rotation affects on agronomic traits of soybean in optimal (OCS) and dry cropping 

seasons (DCS). This research was carried out in 2010/2011 (OCS) and 2011/2012 (DCS) in a Rhodic Hapludox soil. The 

experimental design was set up in a randomized complete block and the treatments were arranged in a factorial 9 x 2, consisting of 9 

crop rotations systems and two cropping seasons, with four replications. The soybean (Glycine max cv. BMX-Potência RR) was 
sowed on October 20th 2010 and October 10th 2011 (spring-summer season) 20 days after the fall-winter cover crops desiccation. It 

was assessed in the R8 reproductive stage (Full maturation) the plant height, the height of the first pod insertion, number of pod per 

plants, number of branches per plant, number of seed per pod, 1000-grain weight and grain yield. It was observed that in drought 

stress (DCS), the number of branches decreased, this reduction was 36% in relation to OCS. For the traits as plant height, first pod 
height, 1000-grain weight and yield, it was showed small values in DCS in contrast to OCS. It is feasible to introduce these cover 

crops in fall-winter season to make part of a crop rotation system. The number of pod per plant showed higher values under the crop 

rotation of corn/rapeseed/soybean, which showed highly associated with the soybean grain yield. This research brought options for 

cover crops system to be viable in no-till system with soybean in spring-summer season. 
 

Keywords: Glycine max L.; grain yield; cover crops; soil conservation. 

Abbreviation: DCS_dry cropping season; OCS_optimal cropping season. 

 

Introduction 

 

In tillage system, the use of disk arrow associated with the 

absence of crop rotation was applied in the last decade in the 
most part of cropland in Brazilian “Cerrado”, nowadays the 

no-till system has been increased in these areas of agriculture 

in Brazil. The benefits of no-till system are large; furthermore 

it is important to emphasize the decrease of soil degradation, 
loss soil (Merten et al., 2015) and the increase in quality of 

physical, chemical and biological properties (Rosa et al., 

2015). To turn a no-till system sustainable, it is quite 

important to have a system of crop rotation well defined. 
Although the no-till system has long-term of use, in many 

regions of the world it is necessary to define cover crops to 

be inserted in a crop rotation system, because without a crop 

rotation the no-till system cannot become sustainable 
(Congreves et al., 2015). It is possible to observe that there 

are absence of many scientific results about crop rotation 

system affects on soybean agronomic traits around the world.  

For farmers, the information about the cover crops to insert in 
a crop rotation system is very important, but sometimes this 

information is difficult to obtain. Despite the benefits that 

crop rotation offer, to be possible the recommendation of 

crop rotation for each particular case it is necessary the 

knowledge about its impact on crops in spring-summer 

season. The crop rotation system offers as advantages the 
improvement and maintenance of soil fertility, less pest, 

diseases and weeds (Nichols et al., 2015; Anderson, 2015). 

Agroecosystem in crop rotation shows several economic 

crops in a cropping season, which increases the chance in 
obtaining economic stability over the years (Fidelis et al., 

2003). Although in the last decade the set-aside areas during 

the fall-winter season has decreased, these situations still 

occupy ample area in the south region of Brazil. The absence 
of cover crop during fall-winter season increase the change of 

soil erosion (TerAvest et al. 2015) and weeds (Nichols et al., 

2015). The absence of cover crops decrease the potential of 

nutrient recycles in soil and can increase the leaching of N-
NO3

- (Fraser et al., 2013). This way, cover crops are essential 

during fall-winter season to avoid depletion of the soil 

environment (Harasim et al., 2015). 

To guarantee the success of the no-till system, it is important 
to define the species to make part of the crop rotation system 

(Argenta et al., 2001). Another important aspect is the need 

of enough aboveground dry matter to cover the whole soil 

surface during the cropping season. To maintain the soil 
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surface covered by dry matter during the whole year is a 
challenge. Besides the quantity of aboveground dry matter, 

the persistence of aboveground dry matter is difficult due to 

the weather conditions that increase organic matter 

mineralization (Dumanski, 2015), high soil temperature and 
moisture.  To face this challenge it is important to identify the 

crop species that can be introduced into the crop rotation 

system with the objective to increase the aboveground dry 

matter, that would not inhibit negatively the main crop 
cultivated in spring-summer season and bring economic gain 

during the fall-winter season. Thus, it is important to research 

about the crop species cultivated in fall-winter season that 

can be inserted in crop rotation system with the soybean as 
the main crop in spring-summer season. Nevertheless, it is 

important to keep in mind that the aboveground dry matter 

from crop species cannot diminish the agronomic traits and 

soybean grain yield. Thus, the crop species like sunflower, 
Brassica napus L., Carthamus tinctorius L., níger (Guizottia 

abyssinica) and forage turnip need researches to know the 

viability to be inserted in a crop rotation system without 

depleting the soybean grain yield. The purpose of this 
research was to assess the crop rotation affects on agronomic 

traits of soybean cultivated in spring-summer in optimal 

(OCS) and dry cropping seasons (DCS). 

 

Result and Discussion 

 

Results of statistical analysis of all variables assessed 

 
This research was assessed in optimal cropping seasons 

(OCS) in 2010/2011 and dry cropping season (DCS) in 

2011/2012. In order to evaluate in two cropping seasons, it 

was measured the same soybean agronomic traits in both 
cropping seasons (OCS and DCS), then the crop rotation 

affects and cropping seasons were studied in a joint analysis. 

Based on the results in ANOVA, it was observed that the 

crop rotation system did not affect (p>0.05) the plant height, 
height of the first pod insertion, number of stem per plant and 

soybean grain yield. However, the number of pod per plant 

and 1000-grain weight showed significant difference 

(p≤0.01) among the treatments (crop rotation system). With 
the exceptions of number of pod per plant and 1000-grain 

weight, the other soybean agronomic traits showed 

significant difference (p≤0.01) in comparison between the 

cropping seasons. The interaction between crop rotation 
system and cropping seasons was obtained for 1000-grain 

weight. 

 

Plant height and height of the first pod insertion  
 

It was observed that in OCS the average of plant height was 

1.03 m, this height is in accordance to what is expected for 

soybean cultivar BMX-Potência RR cropped in the south 
region of Mato Grosso do Sul, Brazil. In DCS, the average of 

plant height was 0.71 m, which was below the acceptable 

value [0.96 m in average (Franchini et al., 2014) and 0.91 m 

in average (Rosa et al., 2015)]. Although, the plant height is 
determined by genetic control (Lee et al., 2015; Zhang et al., 

2015), it is possible to infer that the environmental 

conditions, like rainfall may diminish the soybean height. 
This depletion observed in this research was 31.1% between 

the cropping seasons (Fig. 1). The rainfall in OCS was 1,017 

mm and in DCS, the rainfall was just 752 mm, this amount of 

rainfall is not enough to achieve great performance of plant 
growth. The soybean plant height might effect on its yield 

(Lee et al., 1996a, b; Chapman et al., 2003; Bizeti et al., 

2004; Panthee et al., 2007), but this effect is dependent on 

other uncontrollable factors. It was observed that the 

correlation between plant height and soybean grains yield 
was moderate and positive (r=0.410 to 0.543 in OCS and 

DCS, respectively) (Table 1). This indicates that other factors 

influence the performance of soybean grain yield. The height 

of the first pod insertion did not show difference (p>0.05) 
among the crop rotation system in both cropping seasons, but 

it was observed changes between the cropping seasons (Fig. 

2). In OCS, the average height of the first pod insertion was 

17.37 cm and DCS the average was 12.74 cm. These values 
differed (p≤0.05) between these cropping seasons. But in 

both results, the values are considered adequate for 

mechanical harvesting of soybean, because these values are 

above 12 cm (Ramteke et al., 2012). In OCS, the first pod 
height showed positive and moderate correlation (r=0.652) 

with soybean grain yield (Table 1). Although, Ramteke et al. 

(2012) observed weak correlation between the first pod 

insertion and soybean grain yield, they noticed that higher 
soybean grain yield was associated with genotypes that 

showed height of the first pod insertion above 12 cm. The 

height of the first pod insertion in soybean is quite important 

because of the height of mechanical harvesting. In order to 
have great harvesting performance, it is essential that the 

soybean shows in flat topography height of the first pod 

insertion between 10 to 12 cm, and in sloping land these 

values should be over than 15 cm (Cunha et al., 2013). These 
heights are suggested to decrease the soybean grain loss. In 

accordance to Ramteke et al. (2012), the first pod height must 

be at least 12 cm to avoid loss in grain yield during the 

mechanical harvesting of soybean.  
 

Crop rotation systems affect the number of pod per plant 

 

The cropping seasons did not influence (p>0.05) the number 
of pod per plant, this way, it was calculated the average value 

between the OCS and DCS to remain just one mean value in 

each treatment to proceed the Tukey test of means (Fig 3). 

The number of pod per plant ranged from 51 in crop rotation-
1 (soybean/set-aside area/soybean) to 77 in crop rotation-6 

(corn/rapeseed/soybean) (Fig 3). Although no difference was 

observed for crop rotation system effects on soybean grain 

yield, it is important to emphasize that the absence of crop 
rotation resulted in the smallest number of pod per plant (Fig 

3). It was possible to observe that the number of pod per plant 

showed strong correlation (r=0.750) with soybean yield 

(Table 1). In case of field experimentation, it is well-known 
that many other factors are associated with the crop 

production, thus this correlation is considered strong. As 

reported by El-Badawy and Mehasen (2012), the number of 

pod per plant was the phenotypic trait that influenced more in 
soybean grain yield, which showed strong and positive 

correlation (r=0.852). This trend was detected in this 

research, among the soybean agronomic traits evaluated, it 

was observed the highest correlation for number of pod per 
plant and soybean grain yield (r=0.750). As recorded by 

Sarutayophat (2012), the number of pod per plant if 

significantly associated with soybean grain yield, then this 

phenotypic trait is quite important for the selection of 
soybean genotypes. But, in some cases this phenotypic 

feature is weakly associated, as the case of Pedersen and 

Lauer (2004), who found weak and positive correlation 
(r=0.28) between soybean grain yield and number of pod per 

plant.  

 

Number of branches per plant and 1000-grain weight of 

soybean 

 

In relation to the number of branches per plant, the crop 

rotation  system  did  not  influence in this phenotypic trait  
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Table 1. Correlation matrix of dependent variable. 

 ---------------------- 2010/2011 Growing season ------------------------ 

 HS HFPI NBP NPP 1000-GW SGY 

HS 1 0.289 0.345 0.433 -0.129 0.543 

HFPI  1 0.750 0.387 0.706 0.652 

NBP   1 0.468 0.382 0.529 
NPP    1 0.357 0.748 

1000-GW     1 0.351 

SGY      1 

 ------------------------ 2011/2012 Growing season ------------------------ 

 HS HFPI NBP NPP 1000-GW SGY 

HS 1 -0.120 0.408 0.518 0.145 0.410 
HFPI  1 -0.262 0.293 0.517 0.127 

NBP   1 -0.288 0.258 -0.104 

NPP    1 0.053 0.748 

1000-GW     1 0.500 
SGY      1 

HS_ Height of soybean; HFPI_Height of the first pod insertion; NBP_Number of branches per Plant; NPP_Number of pod per plant; 1000-GW_1000-grain weight; 

SGY_Soybean grain yield. 

 

 
Fig 1. Plant height (m) of soybean between cropping seasons, optimal cropping season (OCS) and dry cropping season (DCS). Mean 

in each bar followed by the same capital letter are not significantly different at 0.05 probability level by LSD (Least significant 
difference).  

 

 

. Jug et al. (2012) observed that several crop rotation systems 
did not change the number of branches per plant. In relation 

to the cropping seasons, the number of branches differed 

significantly (Fig 4). Although, the number of branches is a 

trait defined by plant genetic, as reported by Kumar et al. 
(2015), there are several factors that impact on this plant trait. 

The number of branches is quite influenced by intraspecific 

plant competition. However, soybean plant adjusts to the 

population, with the increase of plant competition the number 
of branches decreases and the opposite is true (Hosseini et al., 

2001; Mehmet, 2008). The correlation between number of 

branches per plant and soybean grain yield showed weak in 

both cropping seasons (Table 1), as it was reported by Kumar 

et al. (2015). 

In the results of this experiment, it was observed that in 

drought stress (dry cropping season), the number of branches 

decrease in response to water limitation for growth, this 
reduction was 36% (Fig. 4). In condition of drought stress in 

soybean, Mirakhori et al. (2009) observed a decrease in the 

number of branches per plant, as well as plant height, number 

of pod per plant and soybean grain yield.  
 

Cropping seasons and crop rotation changed the soybean 

grain yield 

 
In relation to 1000-grain weight, it was not observed changes 

(p>0.05) among crop rotations evaluated. But it was observed 

significant (p≤0.01) effect for interaction between crop 
rotation system and cropping seasons (OCS and DCS) (Fig 

5). In OCS and DCS, the 1000-grain weight ranged from 162 

to 168 g and 142 to 149 g, respectively. The average 1000-

grain weight was 165 g and 145 g in OCS and DCS, 
respectively. These results showed significant difference 

(p≤0.05) between cropping seasons (Fig 5). The best result 

for OCS was because of the favorable weather condition, 

especially the rainfall. This appointment was observed by 
Popović et al. (2012) as well, who worked in two cropping 

seasons and observed that higher rainfall contributes for a 

higher 1000-grain weight in the second cropping season (year 

2010). As reported by them, the variable 1000-grain weight 

did not differ among the four soybean cultivar tested, and in 

comparison to two cropping seasons (2009 and 2010) there 

was significant difference on average of 1000-grain weight, 

which ranged from 127.90 g to 161.99 g. The 1000-grain 
weight is a quite important soybean grain yield component, 

especially for breeding process (Cunha et al., 2013). The 

correlation between 1000-grain weight and grain yield 

showed positive and moderate r=0.351 in OCS and r=0.50 in 
DCS (Table 1). Usually is observed high correlation between 

1000-grain weight and soybean grain yield, as it was found 

by El-Badawy and Mehasen (2012) that found strong 

correlation (r=0.852) between this trait and soybean grain 
yield. The soybean grain yield did not differ among the 

treatments of crop rotation system (p>0.05), this way, it was  
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    Table 2. Some soil chemical properties from the experimental area. 

  Depth (cm) 

0-20 20-40 

pH (CaCl2) 5.2 4.9 

CEC 11.4 5.8 
P (mg dm-3) 12.4 1.9 

Al3+ (mmolc dm-3) 0.9 4.1 

K+ (mmolc dm-3) 2.5 0.7 

Ca2+ (mmolc dm-3) 5.5 2.4 
Mg2+ (mmolc dm-3) 1.6 0.9 

H+Al (mmolc dm-3) 1.7 1.9 

BS (%) 9.6 3.9 
CEC: Cation Exchange Capacity; total acidity pH 7.0 (H+ +Al3+); Exchangeable (KCl 1 mol L-1) Ca2+, Mg2+ and Al3+; BS: Base Saturation=(∑cations/CEC)x100. 

 

 
Fig 2. Height of the first pod insertion (cm) of soybean between cropping season, optimal cropping season (OCS) and dry cropping 

season (DCS). Mean in each bar followed by the same capital letter are not significantly different at 0.05 probability level by LSD 

(Least significant difference). 
 

studied just the cropping seasons effects on soybean grain 

yield, which showed significant changes (p≤0.05) (Fig. 6). 

The average soybean grain yield in OCS was 3,573 kg ha-1 
and 2,298 kg ha-1 in DCS. The average soybean grain yield in 

the region of this research was 2,937 kg ha-1 in 2010/2011 

cropping season and 2,656 kg ha-1 in 2011/2012 cropping 

season. It was possible to infer that the soybean grain yield 

obtained in this research was adequate for the region, what 

reassure that these cover crops did not diminish the 

development of soybean. In OCS, all traits of soybean were 

correlated with soybean grain yield (Table 1). The correlation 
between the traits was positive and ranges from moderate to 

strong. On the other hand, in DCS, most of the traits showed 

weak and moderate correlation (Table 1). It was observed 

that other factors were influenced in the response of soybean 
grain yield in DCS. The drought stress can decrease the 

nutrient uptake by plant even with the optimal content of 

them in soil (Marschner, 1995), this way it is possible that 

nutrients limitation might influence in that growth and 
consequently in soybean grain yield. For both cropping 

seasons, the agronomic trait, number of pod per plant was 

strong (r=0.748) and moderate (r=0.666) associated with 

soybean grain yield, in OCS and DCS, respectively.The 
explanation for the soybean grain yield difference between 

the cropping seasons was related to the favorable weather 

condition in the region of the experiment in OCS, especially 

higher rainfall (Fig 7). In OCS, the rainfall was 1,017 mm 
and 752 mm in DCS (Fig 7). In OCS, the rainfall was more 

consistent during the vegetable and breeding stage of soybean 

(Fig 7). The drought stress in the vegetable stage was 

registered in the first ten-days period of October, first and 
third ten-days period of November in 2010/2011 (DCS), and 

with average of 73 mm of rainfall (Fig 7), it was not enough 

for the need of the plant growth. The soybean needs water 

ranged from 7 to 8 mm dia-1. This drought stress in 
2011/2012 (DCS) diminish the results of soybean for the 

traits of plant height, first pod height, 1000-grain weight and 

grain yield. The drought condition happened in the first, 

second and tenth-day of December 2011 (in the beginning of 

the bloom), in the first ten-days of January 2012 (pod full 

developed) (Fig 7). As reported by Confalone and Dujmovich 

(1999), the drought stress at the end of breeding stage (R4-

R6) and fill pod can damage drastically the soybean grain 
yield (Moran et al., 1994). Drought stress associated with 

high temperature during the grain fillers stage promote 

physiologic alteration in plant (Wang et al., 2003), as stomata 

close and leaves enrollment, and as consequence the plant 
stop the fixation of CO2 which infers negatively in 

photosynthesis process, decreasing the carbohydrate 

translocation, what affects the  grain fillers, 1000-grain 

weight and soybean grain yield.  
 

Materials and Methods 

 

Site and soil description 

 

This research was carried out in 2010/2011 and 2011/2012 

cropping seasons in a Rhodic Hapludox, clayey texture, clay 

mineralogy constituted mainly by Al/Fe oxy-hydroxides, 
classified according to Santos et al. (2013), located in the 

municipality of Dourados, state of Mato Grosso do Sul, 

Brazil (approximately 22°13’16” S, 54°48’2” W, average 

altitude 430 m above sea level). Before the establishment of 
the  experiment,  in  October 2009, some soil chemical and  
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Table 3. Sequence of treatments1 of crop rotation systems for fall-winter cover crops and the soybean and corn as major crop in 

spring-summer season.  

Crop rotation system 
(Abbreviation) 

Cropping seasons 

2009/10 2010 2010/11 2011 2011/12 

Spring-Summer Fall-winter Spring-summer Fall-winter Spring-summer 

S-S-S Soybean Set-aside area Soybean Set-aside area Soybean 

S-C-S Soybean Corn Soybean Corn Soybean 
S-B-S Soybean Corn +Brachiaria Soybean Corn +Brachiaria Soybean 

C-W-S Soybean Sunflower Corn Wheat Soybean 
C-S-S Soybean Rapeseed (Brassica napus L.) Corn Sunflower Soybean 

C-R-S Soybean Wheat Corn Rapeseed (Brassica napus L.) Soybean 

C-T-S Soybean Carthamus tinctorius L. Corn Forage turnip Soybean 

C-C-S Soybean Níger (Guizottia abyssinica) Corn Crambe Soybean 
C-N-S Soybean Corn Corn Níger (Guizottia abyssinica) Soybean 

C-W-S  Corn Wheat Soybean Rapeseed (Brassica napus L.) Corn 
C-S-S  Corn Sunflower Soybean Wheat Corn 

C-R-S  Corn Rapeseed (Brassica napus L.) Soybean Sunflower Corn 

C-T-S  Corn Forage turnip Soybean Corn Corn 

C-C-S Corn Crambe Soybean Corn Corn 

C-N-S  Corn Níger (Guizottia abyssinica) Soybean Crambe Corn 
1In bold font is indicating the crop rotation systems used in this research. The evaluation of soybean performance was applied using the same crop rotations as indicated in 

the abbreviation in the table. 

 

 
Fig 3. Crop rotation system effects on number of pod per plant. Mean in each bar followed by the same capital letter are not 

significantly different at p≤0.05 according to Tukey test of mean. 1_Soybean/set-aside area/soybean; 2_soybean/corn/soybean; 
3_soybean/corn+Brachiaria/soybean; 4_corn/wheat/soybean; 5_corn/sunflower/soybean; 6_corn/rapeseed/soybean; 

7_corn/turnips/soybean; 8_corn/crambe/soybean; 9_corn/niger/soybean. 

 

 

 
Fig 4. Cropping seasons [optimal cropping season (OCS) and dry cropping season (DCS)] affect on number of branches per plant. 

Mean in each bar followed by the same capital letter are not significantly different at 0.05 probability level by LSD (Least significant 
difference). 
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Fig 5. 1000-grain weight of soybean in response to the crop rotation system evaluated and two cropping seasons, optimal cropping 
season (OCS) and dry cropping season (DCS). Mean in each bar followed by the same low case letter are not significantly different 

at p≤0.05 according to Tukey test of mean in each cropping season. Mean in each bar followed by the same capital letter are not 

significantly different at p≤0.05 according to F-value between cropping seasons. 1_Soybean/set-aside area/soybean; 

2_soybean/corn/soybean; 3_soybean/corn+Brachiaria/soybean; 4_corn/wheat/soybean; 5_corn/sunflower/soybean; 
6_corn/rapeseed/soybean; 7_corn/turnips/soybean; 8_corn/crambe/soybean; 9_corn/niger/soybean. 

 

 
Fig 6. Cropping seasons [optimal cropping season (OCS) and dry cropping season (DCS)] effect on soybean grain yield (kg ha-1). 

Mean in each bar followed by the same capital letter are not significantly different at 0.01 probability level by LSD (Least significant 

difference). 

 
Fig 7. Rainfall, maximum and minimum temperature by each 10 days in the period from October to March in two growing seasons, 

optimal cropping season (OCS) and dry cropping season (DCS). Data from meteorological station of Universidade Federal da Grande 

Dourados (UFGD), Dourados city, in Brazil. 
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physical properties were analyzed from 0–20 and 20-40 cm 

depth (Table 2). The analysis showed the following results: 

531, 249 and 220 g kg−1 of clay, silt and sand respectively, 
according to Claessen (1997).  

 

Weather condition in the experimental site 

 
The data of rainfall and temperature in the experimental site 

are showed in Fig. 7. The period of weather condition data 

was during 2010/2011 and 2011/2012 cropping seasons, 

respectively optimal cropping season (OCS) and dry cropping 
season (DCS). According to Köppen (1948), the region is 

classified as tropical climate of type Cwa, with rainy summer 

and dry winter. 

 

Historic of the experimental area 

 

Before the implementation of the experiment, the 

experimental site was cultivated with soybean in spring-

summer and corn crop in fall-winter season under no-till 

system. Based on the results of soil chemical (Table 2), in 

September 2009, it was applied 4,000 kg ha-1 of liming in the 

whole experimental area. The dolomitic lime showed calcium 
carbonate equivalent (CCE) of 80% (33% calcium oxide and 

15% magnesium oxide). The lime was incorporated with disk 

harrow of 32 inches. Right after the lime incorporation, it was 

applied gypsum (2,000 kg ha-1) incorporated with leveling 
disk harrow of 22 inches. 

 

Experimental design and treatments 

 
The experimental design was set up in a randomized 

complete block design and the treatments were arranged in a 

factorial arrangement 9 x 2, consisting of 9 crop rotations 

system (Table 3) and two cropping seasons (OCS and DCS), 
with four replications. The experimental units had 

dimensions of 15 m length by 35 m width (525 m2). All 

operations were executed with a tractor wheel of 112 HP 

(Horsepower). For the seeding procedure it was used grain 
drill with the rows spaced 45 cm apart for planting soybean. 

The treatments are showed in the Table 3, which is related to 

different cover crops assessed in a crop rotation system. 

These cover crops are fall-winter crops species, all of them 
were sowed in the fall-winter season, right after the soybean 

harvest. The crop rotation system S-S-S, S-C-S and S-B-S 

were compiled by soybean/set-aside area/soybean, 

soybean/corn/soybean and soybean/intercropping (corn+ 
Brachiaria)/soybean, respectively (Table 3). The other 

treatments of crop rotation system were corn or soybean in 

spring-summer and fall-winter crop rotations were compiled 

by gramineas and oilseed, C-W-S, C-S-S, C-R-S, C-T-S, C-
C-S and C-N-S (Table 3).  

 

Plant material and measurement 

 
The soybean (Glycine max cv. BMX-Potência RR) was 

established in crop rotation to be feasible the implementation 

of a no-till system. The cover crops were planted to produce 
above-ground dry matter to make part of a crop rotation 

system. The soybean was sowed on October 20th 2010 and 

October 10th 2011 right after the fall-winter cover crops 

desiccation. The seed density of soybean was 15 seeds per 
meter and the dose of fertilizer was N=6, P2O5=60, K2O=60, 

Zn=0.9 and B=0.9 kg ha-1. The fertilizer was applied in line 

of seeding, with 8 cm depth, which was allocated under and 

apart the seed to avoid contact.  

The soybean (BMX-Potência RR) was sowed after 20 days 

from the cover crops desiccation, which was accomplished 

with the herbicide glyphosate (1,296 kg e.a. ha-1). The 
soybean germination and purity of the seed were 95 and 99%, 

respectively. The seed density was 15 seeds per meter and 

resulted in plant stand of 316,664 plants per hectare. In the 

R8 reproductive stage (Full maturation), it was determined 
the plant height, the height of the first pod insertion, number 

of pod per plant, number of branches per plant, number of 

seed per pod, 1000-grain weight and yield were evaluated. 

The soybean grain yield was measured by the manual harvest 
in the experimental unit in a dimension of 5 m by 0.9 m in the 

center of each experimental unit. The grains were weighted 

and the yield was showed in kg ha-1. 

 

Statistical analysis 

 

The variables evaluated in this experiment were submitted to 

the analysis of variance (ANOVA) by the F-test. The 

averages were compared by the Tukey’s test of mean at 0.05 

levels, in case with more than two means. Least statistic 

difference (L.S.D.) test at 0.05 levels was used for 

comparison between means, in case with just two means. 
These tests were carried out with the use of Assistat software 

(Silva and Azevedo, 2002). 

 

Conclusion 

 

The drought stress in dry cropping season (DCS) influenced 

negatively the soybean performance. The rainfall of 752 mm 

was not enough to achieve great performance of soybean. On 
the other hand, in optimal cropping season (OCS), the rainfall 

of 1,017 mm was enough to achieve great performance of 

soybean. This way, for the traits; plant height, first pod 

height, 1000-grain weight and grain yield, it was showed 
small values in DCS. Based on the results obtained, it was 

possible to conclude that the crop rotation system used in this 

research did not influence negatively on any soybean traits 

and soybean grain yield in both OCS and DCS. It infers that 
it is feasible to introduce these cover crops in fall-winter 

season to make part of a crop rotation system. The number of 

pod per plant showed higher values under the crop rotation of 

corn/rapeseed/soybean, which showed highly associated with 
the soybean grain yield. Although, no statistic difference was 

observed among the crop rotation in relation to the set-aside 

area for soybean grain yield, it is important to keep in mind 

that the use of cover crops can bring economic funds and 
contribute to the benefits of physical, chemical and biological 

soil features over the years, because in no-till system it is not 

possible to remain viable without cover crops. This research 

brought options for cover crops system to be viable in no-till 
system with soybean in spring-summer season.  
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