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Abstract 

Most Brazilian soils have low organic matter content, and the current management systems 

used in agriculture contribute to worsening this situation. The introduction of practices that 

lead to the increase of soil organic matter becomes more necessary for agrosystems to be 

sustainable, ensuring high yields because only then the production chain becomes profitable 

and enables agricultural production. The present work aimed to investigate the effect of 

intercropping practices among corn crop with different green manures in soybean agronomic 

parameters. The work consisted of five treatments using Brachiaria ruziziensis (Brachiaria); 

Raphanus sativus (Forage Turnip); Crotalaria spectabilis cv. Common (Crotalaria); Avena 

strigosa (Black Oats); and a control area (single maize) with five replications. Different 

aspects related to successor cultivation with soybean were evaluated taking into consideration 

agronomic aspects such as stem thickness, number of pods, plant height, the weight of one 

thousand grains and yield per hectare presented by the crop. The work demonstrated that 

brachiaria green manure in consortium with out-of-season corn crop promoted the highest 

plant height and number of pods for the soybean crop in succession. 

Keywords: crop management, glycine max, Zea mays 

1. Introduction 

Intercropping systems are the cultivation of different plant species in the same period and 

area (Souza and Macedo, 2007). The benefits of intercropping maize with green manures are: 

increased dry matter production, higher soil cover when crop is grown, greater efficiency and 

speed in recycling and nutrient availability due to the exploitation of different soil volume by 

root systems with different patterns and in the permanence of cultural residues on the soil for 

a more extended period of time (Alvarenga et al., 1995, Rodrigues et al., 2012). 

According to Dall Ágnol et al. (2010), when related to world agribusiness, soybean is among 

the economic activities that present the most significant growth in the last decades. This 

factor responds for several aspects, including the construction of an important international 

market supported by trade in soy products and the establishment of soy as a relevant source 

of vegetable protein, mainly because it attends the growing demand of the areas related to the 

production of animal origin, and greater elaboration and supply of technologies, which 

enabled the expansion of soy production to various regions of the world. 

The objective of this work was to evaluate the effect of corn intercropping with different 

green manures on soybean agronomic parameters in succession crop. 

2. Material and Methods 

2.1 Study Area 

The experiment was carried out at Fazenda Bela Vista, located in Cambira-Paraná (PR), 

Brazil, Latitude -23 ° 34 '58 '' Longitude -51 ° 34' 42 ''. The experimental work was carried 

out from the beginning of March of 2016 and was conducted until March 2017. 
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2.2 Treatments 

The experimental unit consisted of a total area of 450 m² subdivided into plots of 5x3.6 m², 

where out-of-season corn crop was cultivated intercropped with four other species, which 

were: T 1 - Brachiaria ruziziensis (brachiaria); T 2 - Raphanus sativus L (Forage Turnip); T 3 

- Crotalaria spectabilis cv. Common (Crotalaria) T 4 -; Avena strigosa (Black Oats); and an 

area of T 5 - control (single corn). The population of maize had 5.6 plants per linear meter, its 

row spacing was 90 cm, using a base fertilizer 186 kg ha
-
¹ of the formulated 10 - 15 – 15 

(10 % N; 15% P2O5; 15% K2O). In the row spacings crops used in the consortium were sown. 

They belonged to grass and legume families. 

Out-of-season corn was planted on March 14, 2016, on the soybean remains, and the species 

used as green manure were sown on the same day and 10 kg ha
-
¹ was used for all green 

manures. 

2.3 Evaluations Performed 

The dry mass of the species used as green manure was evaluated, then picked using a 

collecting a frame of 1 m² for each repetition. The moisture found in the species was 

eliminated employing a forced air circulation oven. 

The other evaluations performed were: plant height (cm); the number of pods and stem 

thickness. They were carried out only once at the end of the crop cycle when four different 

plants were randomly chosen within each repetition. In the evaluation that includes 

productivity, two methodologies were adopted. For corn, two central lines were harvested, 

which comprised 1m², stipulating the result in kg per hectare. For soybean yield, it was used 

1 meter wide by 2 meters long and the result was also stipulated in kg per hectare. 

The results were statistically compared using the Tukey test, with a significance level of 5% 

through the statistical program SISVAR (Ferreira, 2014). 

3. Results and Discussion 

Figure 1 shows the dry matter yield of green manure shoot in kilograms per hectare. Despite 

the water deficit conditions and low temperatures that occurred during this experiment, the 

brachiaria showed great ability to grow and develop as it was also observed in work by 

Batista et al. (2011). The brachiaria provided much higher dry mass production in relation to 

the other species studied by presenting characteristics of rusticity and aggressiveness (Garcia 

et al., 2013), in addition to showing an excellent adaptation to low fertility soils and prompt 

establishment providing excellent soil vegetation coverage (Oliveira et al., 2001). 
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Figure 1. Green manures aerial dry mass productivity (kg ha
-
¹) 

Figure 2 shows the yield found in kg ha
-
¹ of maize, cultivated in consortium with the different 

green manures used in this work. The control treatment presented the highest yield (2,893 kg 

ha
-
¹), not differing statistically from corn intercropped with Crotalaria spectabilis. However, 

these yields were much lower than the average yield of previous years for out-of-season corn, 

which was 5485 kg ha
-1

 (CONAB, 2018). 

The low yields found (Figure 2) were due to adverse weather-related phenomena (frost and 

drought), which can be verified by the data presented in Figures 3 and 4. 

 

Figure 2. Out-of-season corn yield in intercrop system with green manure (kg ha
-
¹) 

*Means followed by the distinct letters differ significantly from each other at 5% level of 

significance. 
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The field data were complemented by information from the INMET (2017), which was 

accompanied by the weather station of Maringá, Paraná, Brazil. These data presented in 

Figure 3, show the daily maximum and minimum temperature. Thus, it can be observed that 

the temperature drops allowed the formation of frost, which in turn, impaired the productivity 

of out-of-season corn yield in intercrop system with green manure corn used in this work. 

 

Figure 3. Maximum and minimum temperature data for the period from 06 to 13 June 2016 

Figure 4 shows the average precipitation in the region of the Maringá Weather Station, which 

shows an ideal rainfall for planting corn. However, during the crop development period, this 

volume fell dramatically, thus causing the crop productivity to be significantly compromised, 

as obtaining all nutrients depends on the soil water availability (Dourado Neto et al., 2015). 
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Figure 4. Average monthly rainfall from April to August 2016 

Table 1 shows that among all the treatments performed, Treatment 1 (Corn intercropped with 
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Brachiaria ruziziensis) stood out among the others, presenting higher soybean plant height, 

reaching 118.65 cm. This result is explained by the soil decompression effect of the large and 

aggressive brachiaria root system (Barducci et al., 2009). This decompression allows soybean 

crop to obtain better conditions for water and nutrient absorption than the conditions 

presented by the other treatments. In addition to the fact that brachiaria also provides 

considerably higher biomass than other green manures used. Complementing with Monquero 

et al. (2010) who obtained information regarding B. ruziziensis mulching, in which soybean 

presented an increase in biomass in all treatments, since the disposition of mulch on the soil 

may favor water retention and decrease soil temperature, helping in the development of the 

crop. However, Carvalho et al. (2004), when cultivating soybean after green manure did not 

show differences in soybean plant height. 

It is still possible to verify that, in terms of stem thickness, soybean crop does not show 

significant differences among treatments, which may have been provided by cultivar genetics, 

because even under favorable conditions it does not have significant changes in stem 

development. 

Table 1. Plant height and stem thickness results of soybean crop grown after maize 

intercropped with green manure 

Treatments  Plant height (cm) Stem thickness (mm) 

Brachiaria ruziziensis 118.65 a            9.3040 a 

Crotalaria spectabilis 96.10     b 7.9914 a 

Raphanus sativus 96.00     b 7.7474 a 

Avena strigosa 92.95     b 7.5786 a 

Control  93.20     b 7.2162 a 

Coefficient of variation 6.89 %                             13.56% 

Means followed by distinct letters in the column differ by 5% by Tukey test 

Table 2 evaluated the number of pods, the weight of 1000 grains and yield per hectare. It was 

observed that the number of pods is significantly different among treatments, and when used 

on the brachiaria straw results in higher numbers with 99.95 pods per plant, This is 

complemented by the result presented earlier in Table 1, which demonstrated that, in the 

treatment with brachiaria, the highest results of plant height, and consequently larger plants, 

lead to more substantial number of pods per plant. In a study conducted by Carvalho et al. 

(2004), the different green manures used did not influence the number of pods in the soybean 

crop. 
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When analyzing the weight of 1000 grains, there was no significant effect of the different 

green manures used, contrary to the data obtained by Caetano et al. (2018), who found a 

positive effect of the mulching of winter cover crops on the weight of 1000 soybeans. 

On the other hand, it is necessary to point out that in the productivity variable in kg ha
-1

 the 

treatments that differ most are those cultivated on the brachiaria and Crotalaria spectabilis 

straw, this is due to the fact that the plant, when presenting a height higher height and number 

of pods in relation to the others, will result in higher productive numbers. In the case of 

Crotalaria straw cultivation, which has yield levels as optimal as brachiaria, this can be 

fostered by properties that Crotalaria brings to the soil. Since it can soften the nematode 

population in the soil (Debiasi et al., 2016) and, above all, provide nitrogen fixation (Castro 

and Devide, 2018), which will be widely used for soybean cultivation. 

Table 2. Pod number, 1000 grain weight and soybean yield results after out-of-season corn 

intercropped with green manure 

Treatments Pod number 1000 grain weight (g) Soybean yield (kg 
ha

-1
) 

Brachiaria 
ruziziensis 

99.95 a 161.00 a 5,2036   a 

Crotalaria 
spectabilis 

59.45     b 164.00 a 5,0438   a 

Raphanus sativus 60.35     b 164.00 a 4,8682   ab 

Avena strigosa 61.55     b 167.00 a 4,8358   ab 

Control 60.45     b 164.00 a 4,2118     b 

Coefficient of 
variation 

21.39 %                             2.93% 7.95% 

Means followed by distinct letters in the column differ by 5% by Tukey test 

5. Conclusion  

The intercropping of out-of-season corn and Brachiaria ruziziensis and Crotalaria spectabilis 

green manures provided an increase in the productivity of soybean cultivated after single 

out-of-season corn (control), indicating the positive effect of organic matter produced by 

these fertilizers, as well as the probable effect of interference of their root systems on the 

ground. However, according to the data obtained, Raphanus sativus and Avena strigosa, 

besides not promoting an increase in soybean yield, interfered negatively in corn yield, 

reaching a loss of 63% in corn yield when intercropped with Avena strigosa. 
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