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ABSTRACT 

The interactions promoted by the species diversity between crops contribute an 

efficient agriculture in the nutrients use, soil carbon and microbial biomass 

management, with cover crops in no-tillage as a fundamental factor for these 

processes. The objective of this work was to evaluate the potential of annual and cover 

crops grown in the second crop to promote nutrient cycling, improve soil chemical 

indicators and increase the yield of soybean sown in succession under long-term in 

no-tillage in the Cerrado of Mato Grosso. The treatments consisted of MC: 

monocropped; CS1: Crotalaria spectabilis (Roth); CS2: Pennisetum glaucum (L.) 

(millet); CS3: Urochloa ruziziensis (Germain & Evrard); CS4: Cajanus cajan (L.) Millsp. 

(pigeon pea); and MIX: all four crops intercropped (C. spectabilis+P. glaucum+U. 

ruziziensis+C. cajan).  Intercropping cover crops (MIX) and single U. ruziziensis (CS3) 

increased all evaluated soil chemical attributes through nutrient cycling and SDM 

production under long-term NTS. MIX, U. ruziziensis (CS3), and C. cajan (CS4) were 

associated with increases in soybean yield after the stabilization phase of the system, 

i.e., in the sixth and seventh year of NTS implementation. Crotalaria spectabilis is an 

important cover crop to increase soybean yield by N fixation in the establishment phase 

of no-tillage system. Shoot nutrient accumulation and release are important indicators 

of the nutrient cycling process and the potential to increase soybean yield in 

succession under NTS. The species diversity in MIX favored soybean yield and carbon 

sequestration, as evidenced by improvements in resistance to soil penetration, carbon 

from biomass and soil microbial biomass. U. ruziziensis was important for enhancing 

the activity of enzymes that degrade organic residues, particularly β-glucosidase 

activity, in no-tillage soybean production in the Cerrado, with a positive influence on 

carbon increase in the system. The monocropped (MC) is not indicated for use in the 

Cerrado because it is not able to improve the physical and biochemical characteristics 

of the soil and the soybean yield. 

 

Keywords: species diversity; nutrient use; soil microbiota; carbon stocks; soybean 

grain yield. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

RESUMO 

As interações promovidas pela diversidade florística entre as culturas contribuem para 

uma agricultura eficiente no uso de nutrientes, carbono do solo e manejo da biomassa 

microbiana, tendo as plantas de cobertura em plantio direto como fator fundamental 

para esses processos. O objetivo deste trabalho foi avaliar o potencial de culturas 

anuais e de cobertura cultivadas na segunda safra para promover a ciclagem de 

nutrientes, melhorar os indicadores químicos do solo e aumentar a produtividade da 

soja semeada em sucessão sob longo prazo em plantio direto no Cerrado do Mato 

Grosso. Os tratamentos consistiram em MC: monocultivo; CS1: Crotalaria spectabilis 

(Roth); CS2: Pennisetum glaucum (L.) (milheto); CS3: Urochloa ruziziensis (Germain 

& Evrard); CS4: Cajanus cajan (L.) Millsp. (feijão guandu); MIX: C. spectabilis+P. 

glaucum+U. ruziziensis+C. cajan. O consórcio de culturas de cobertura (MIX) e U. 

ruziziensis (CS3) aumentou todos os atributos químicos do solo avaliados através da 

ciclagem de nutrientes e produção de SDM sob SPD de longo prazo. MIX, U. 

ruziziensis (CS3) e C. cajan (CS4) foram associados a aumentos na produtividade da 

soja após a fase de estabilização do sistema, ou seja, no sexto e sétimo ano de 

implantação do SPD. Crotalaria spectabilis é uma planta de cobertura importante para 

aumentar a produtividade da soja pela fixação de N na fase de estabelecimento do 

sistema plantio direto. O acúmulo e a liberação de nutrientes na parte aérea são 

importantes indicadores do processo de ciclagem de nutrientes e do potencial de 

aumentar a produtividade da soja em sucessão sob SPD. A diversidade de espécies 

no MIX favoreceu a produtividade da soja e o sequestro de carbono, evidenciado por 

melhorias na resistência à penetração do solo, carbono da biomassa e biomassa 

microbiana do solo. U. ruziziensis foi importante por aumentar a atividade de enzimas 

que degradam resíduos orgânicos, principalmente a atividade da β-glicosidase, na 

produção de soja em plantio direto no Cerrado, com influência positiva no aumento de 

carbono no sistema. O monocultivo (MC) não é indicado para uso no Cerrado por não 

ser capaz de melhorar as características físicas e bioquímicas do solo e a 

produtividade da soja. 

Palavras-chave: diversidade de espécies; uso de nutrientes; microbiota do solo; 

estoques de carbono; produtividade de soja. 
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GENERAL INTRODUCTION 

Brazil is the world's largest soybean producer, with an estimated production of 

122 million tons for the 2021/22 crop. The Cerrado is primarily responsible for the 

current development of Brazilian agribusiness through grain production. The Midwest 

is the main soybean-producing region in Brazil, and the state of Mato Grosso is the 

leader in national production, with 39,4 million tons. Thus, agribusiness in this region 

is essential for economic growth both locally and nationwide. The current challenge for 

this production model is to develop technologies that promote advances in 

environmental quality and efficiency in the use of water and energy resources through 

low-carbon agriculture (USDA, 2021; CONAB, 2021). 

In this line, no-tillage system (NTS) has emerged as production system 

management alternatives that minimize the negative impacts of conventional 

cultivation managements and promote sustainability on agriculture. These benefits are 

particularly important for second crop production systems because water deficit in 

tropical edaphoclimatic conditions of the Cerrado compared with the first season are 

less favorable for crop establishment, plant production, nutrient cycling, and soil 

microbiota development (PACHECO et al., 2017). These conditions require the 

implementation of adapted crops that enable rapid establishment and development to 

ensure greater water efficiency after the late summer rains (CASTRO et al., 2017). 

By diversifying cover crops in the second crop, NTS can significantly increase 

phytomass production and nutrient cycling. Decomposition of the cover crop 

phytomass gradually releases nutrients required by the successor crop, reducing the 

need for fertilization. Moreover, the producer benefits from increased income through 

the sale of grain in the second crop and pasture availability in integrated agricultural 

production systems, further promoting the adoption of these systems. However, to 

have maximum efficiency in the use of nutrients and system resources, it is necessary 

that there is synchronization between the release and use by the successor crop. This 

process is dependent on the composition of the inserted cultures due to their 

carbon/nitrogen (C/N) ratio and lignocellulosic compounds that affect the 

decomposition rate of different materials and the release of nutrients (PEREIRA et al., 

2016; CHIEZA et al., 2017; FERRARI NETO et al., 2017; TEIXEIRA et al., 2012; 

CECCON et al., 2008).  



28 
 
 

Second crop species diversification in NTS also contributes to improvements in the 

chemical, physical and biological properties of the soil. The associated increases in 

microbial abundance improve soil quality through the incorporation of carbon as 

organic matter, which supplies energy to the microbiota and contributes to soil 

decompaction. Phytomass decomposition by the microbiota also increases nutrient 

cycling (PACHECO et al., 2009; TORRES et al., 2008). This diversity of imsown 

species initiates the process of improving the soil quality that will bring significant 

results over the years of implantation of the system. Such improvements in soil are 

possible to be evaluated through indicators of soil quality that show the real state in 

which the system is. Among these indicators, soil organic matter is present, which is 

an essential element, a source of nutrients and energy for the soil microbiota, and 

fundamental for the development processes of agricultural systems (CARLOS et al., 

2021; ALMEIDA et al., 2020; DE-POLLI & PIMENTEL, 2005).   

These improvements in soil quality accumulate with long-term NTS implementation 

and can be evaluated using indicators of soil quality. Soil quality indicators are sensitive 

parameters that indicate the impact of the adopted management strategy on soil 

health. One of the most important of these indicators is soil organic matter, which is an 

essential source of nutrients and energy for the soil microbiota and is fundamental for 

the development processes of agricultural systems. In contrast to soil chemical 

properties, which are easily and quickly corrected, a long period of observation is 

required to observe changes in soil biological properties (CARLOS et al., 2021; DALLA 

CÔRT et al., 2021; ALMEIDA et al., 2020; CRUSCIOL et al., 2015; DE-POLLI & 

PIMENTEL, 2005).  

Accordingly, long-term field studies are essential to make recommendations for 

second crop annual and cover crops based on their potential benefits for nutrient 

cycling and biophysiochemical indicators of soil quality. So, we hypothesized that 

systems with single cover crops or with species diversity (MIX) to improve the physical, 

chemical, and biological quality in the soil-plant system with increased soybean yield 

and contribute to the decision of choosing of crops in the second crop that can serve 

specific systems. The objective of this work was to evaluate the potential of single 

cover crops or intercropped grown in the second crop to promote nutrient cycling, 

improve soil chemical indicators and increase soybean yield sown in succession.  
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FINAL CONSIDERATIONS 

 

Diversifying production systems and incorporating species with high production 

of plant material can transform production environments. The results of the present 

study can be used to guide recommendations for producers in the southern region of 

Mato Grosso as well as other regions of Brazil. Cover crops such as U. ruziziensis in 

the MIX consortium specialize in extracting nutrients from the deep layers of the soil 

and returning them to the soil surface. The resulting stable environment promotes the 

activity of the microbial community and, in turn, the mineralization of nutrients for 

absorption by the soybean crop in succession. Overall, nutrient use efficiency is 

improved while reducing the input of mineral fertilizers. 

In addition to increasing soybean yield and income, this system benefits 

producers by reducing the economic costs of inputs. In the long term, soil fertility is 

also improved, largely due to the accumulation of organic matter particles that enrich 

the soil and strengthen subsequent crops. In this way, adapted and diversified 

production systems under no-tillage improve soil quality and nutrient cycling and 

increase soybean yield for the benefit of rural producers. 
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