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Abstract

The use of cover crops has benefits for the chemical, physical and biological properties of the soil. However,
together with the need for good vegetable productivity, considerable challenges arise in several regions of Brazil.
The preparation of conventional soil for initiating no-tillage systems is necessary to create a management history
and assimilate the benefits of the no-tillage system in vegetables, ensuring sustainable production. The objective
of this research was to evaluate lettuce yield as a function of different cover crops as a function of resistance to
soil penetration. The experiment was conducted in the horticulture sector of the University of Rio Verde, Rio
Verde, Goias, Brazil. The cover crops used were sunflower (Helianthus annuus), sunn hemp (Crotalaria juncea),
and fallow, and the vegetable used was lettuce (Lactuca sativa). The variables analyzed were plant height and
lettuce yield, straw decomposition, and soil resistance to penetration. The collected data were submitted to
analysis of variance, and if significant, was compared by Tukey test (p < 0.05) and regression analysis. The
lettuce height in the different management systems showed no statistical differences. The decomposition of the
straw presented accentuated degradation for the evaluated cover crops and the productivity was bigger in the
straw of crotalaria and fallow. Soil resistance for cover crops was not greater than 2 MPa.
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1. Introduction

Lettuce (Lactuca sativa L.) is an herbaceous, annual plant belonging to the Asteraceae family, originating in
Mediterranean regions with a mild climate, with a delicate structure with a small stem, on which the leaves are
attached, being one of the most popular vegetables consumed widely in Brazil (Costa Junior, 2017).

The management of crops in a no-tillage system include the following principles: ninimal soil disturbance; it has
a permanent straw coverage, and crop rotations, including an annual cycle of biomass-producing plant species to
assure for soil cover (Calegari, 2014)

Ground cover plants can provide several benefits for agricultural systems since the plant dry matter produced by
them affects all soil properties, whether physical, chemical, or biological, providing an increase in crop
productivity and mitigating greenhouse gas emissions into the atmosphere. The use of these plants becomes even
more important in Cerrado soils, which are usually acidic, with low organic matter content and low fertility.
They improve the quality of the soil in the region and enable the direct planting system through quality straw
added to the soil (Silva et al., 2021).

The species used as cover crops absorb nutrients from deeper in the soil than typical commericail crops and then
store thos nutrients in their plant material. When the cover crops decompose, they release these nutrients from

78



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 1; 2022

their tissues, contributing to the increase in these elements in the more superficial soil layers, where the roots of
commercial culture are concentrated. As a result, the process this sistem increases the nutrient availability nad
improves fertilizer efficiency, which contributes to increased productivity of the subsequent crops (Forte et al.,
2018).

Sunflower (Helianthus annuus L.) is a plant of the Asteraceae family, native to North America, cultivated as an
ornamental and medicinal plant. It is often used in crop rotations and crop succession because it provides
desirable agronomic characteristics, such as short life cycle, wide adaptability to environmental variations, high
adaptability to variations in latitude, longitude, and photoperiod (Oliveira et al., 2017).

Sunn hemp (Crotalaria juncea L.) is a tall, 1.8 m, annual legume with numerous branches, which is resistant to
drought, fast-growing, and toxic to animals. It is a leguminous species recommended for soils of medium to high
fertility and helpful in controlling nematodes, for a green manuring, and for cellulose production. With a short
growth cycle, it is an excellent legume recommended for intercropping with perennial crops. Sunn hemp initiates
flowering when the day length is less than twelve hours, and, therefore, considered a short-day plant (Boscolo et
al., 2020).

Fallow areas are also called idle areas, being intended for soil cover, according to the National Supply Company
(CONAB, 2020), or also known as winter fallow with invasive plants (Aita et al., 2001), or fallow as vegetation
spontaneous (Pacheco et al., 2011).

The use of leguminous species, especially those considered green manures, are used to improve the nutritional
availability within the production system in which they are used, helping to recover and/or increase the physical,
chemical, and biological properties of the soil (Cardoso et al., 2014).

The legume species have a high nitrogen fixation capacity and agility in biomass production. The decomposition
of dry matter of these species on the agroforestry floor keeps the soil covered in the that it increases the organic
matter content, decreasing evapotranspiration (Silva et al., 2014).

The objective of this research was to evaluate plant height and lettuce yield, dry matter decomposition, and soil
penetration resistance as a function of different cover crops.

2. Method

The experiment was carried out in the horticulture sector of the University of Rio Verde, Rio Verde, Brazil. The
area is located at an altitude of 545 meters, latitude 23°25" south and longitude 51°25" west. The soil was
classified as a dystrophic Red Latosol (Oxisol) of clayey texture (Embrapa, 2013).

The experiment was installed in randomized blocks with four treatments and five replications. Each repetition
consisted of a plot 6 meters long and 3 m wide, totaling an area of 18 m’. The treatments consisted of cover
crops being sunflower (Helianthus annus), sunn hemp (Crotalaria ochroleuca), and fallow (weeds). The number
of cover crops was 50,000 and 30,000 ha™ of sunflower and sunn hemp, respectively, according to the technical
recommendations for each species (Carvalho et al., 2018).

Forty-five days after the cover crops emerged, they were sprayed with glyphosate (960 g ha™) and 2,4-D (720 g
ha™) to kill and desiccate the plant material, following technical recommendations by Valente et al. (2000) and
Alves (2019). Prior to and following spaying the cover crops and fallow area with herbicides, no other
management practices were used.

The American lettuce seedlings were produced in trays with the substrate. The lettuce seedlings with 4
permanent leaves were transplanted in the cover crop treatment areas 25 days after dissication. The lettuce plants
were planted using a 0.50 m spacing between plants and 0.70 m between rows.

The variables analyzed were height plant, productivity, soil penetration resistance and percentage of straw
decomposition methodology described by Chaila (1986). The plant height was measured using a graduated ruler,
measuring the the height from the soil surface to the highest level of leaf foliage. Lettuces were harvested for
yield analysis 45 days after planting. For statistical evaluation, the average of 10 plants from 4 replicate plots
was used.

The collected data were subjected to analysis of variance, if significant, was compared by the Tukey test (p <
0.05) and by regression analysis using the Sisvar statistical software (Ferreira, 2019).

3. Results

There was no effect on the height of the lettuce plant concerning the different cover crops that were decaying.
The decomposition of straw in the fallow was superior to the sunn hemp plant but showed a similar response
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with sunflower. The yield of lettuce covered with sunn hemp was superior to sunflower but with a similar
response to fallow (Table 1).

Table 1. Plant height (cm) and lettuce crop yield (grammes) and straw decomposition as a function of different
cover crops and fallow.

Crops Plant Height (cm) Straw Decomposition (%) Yield (g)
Sunn hemp 11.12a 63.91b 036a
Sunflower 10.14 a 69.08 ab 0.20b
Fallow 10.65a 7091 a 0.26 ab
CV (%) 13.37% 13.72% 21.52%

Figure 1 shows the regression curve for lettuce height in a planting system subjected to different intercropping
and fallow as a function of the crop cycle.
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Figure 1. Height of lettuce plant under no-tillage system submitted to different intercropping and fallow

Figure 2 shows the regression curve for the decomposition of straw in a planting system subjected to different
cover and fallow plants as a function of the crop cycle.
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Figure 2. Straw decomposition curve in no-tillage system under different intercropping and fallow

Figure 3 shows the penetration resistance curve (MPa) in no-tillage system subjected to different intercropping
and fallow.
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Figure 3. Penetration resistance curve (MPa) in no-tillage system subjected to different intercropping (sunn hemp
and sunflower) and fallow

4. Discussion

Different plant varieties can be used as cover crops for no-tillage systems, depending on their morphological and
subsequent crops (Bellinasso et al., 2021).

The total area of the experiment underwent harrowing; the fallow treatments presented a weed seed bank,
reflecting a greater plant contribution from straw, like sunflower. Soil preparation exposes the seeds to light and
favors the diffusion of oxygen and carbon dioxide out of the soil, incorporating organic residues and promoting
soil dryness.

Thus, there are a greater temperature range, which favors nitrogen mineralization, seed germination, and changes
in seed locations in the soil profile. At the same time, no-tillage systems keep weed seeds in the top 10 cm of the
soil (Qasem, 2020).

The lettuce yields under the sunn hemp cover crop were significantly greater than the those under the sunflower
cover crop, but not different than the fallow treatment. Either cover crop, sunn hemp or sunflower, produced
greater lettuce yields than the fallow treatment (Table 1).

Although sunn hemp did not decompose rapidly, there was an increase in lettuce crop productivity in this
treatment. According to Pedra et al. (2012), legumes have a lower C/N ratio, which increases their
decomposition rate, assuming that the mineralization process of nutrients is greater than the immobilization
capacity.

Sousa et al. (2020), evaluating the foliar decomposition of species used in green manure and of economic interest
in agroforestry systems, reported that the species used in green manure were the ones with the highest rate of
decomposition for the two periods studied; thus, Gliricidia sepium and pig-bean species are recommended for
the short-term nutrient return.

Almeida et al. (2020), evaluating lettuce crop productivity in a no-tillage system. It was observed that lettuce did
not suffer any interference in the comparison between all the studied treatments. The treatment with
transplanting in a no-tillage system at the highest speed showed the highest operational capacity of the set, being
economically viable.
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Corréa et al. (2020), evaluating the effects of cover crops such as Crotalaria juncea and corn. It was observed that
after cutting the cover crops used, lettuce and baby corn, had similar productivity to that obtained after
monoculture of sunn hemp.

The average soil pentration resistance sunn hemp, sunflower, and fallow were 1.76, 1.89, and 1.83 MPa,
respectively. Vieira et al. (2021) found soil pentration resistance values of 1.67 MPa for brachiaria and sunn
hemp of 1.70 MPa in the first evaluation showed low soil compaction as a function of the other cover crops.

Rosa et al. (2020) evaluating soil compaction in sunflower crop found that it did not affect the number of
sunflower leaves and shoot development, but had a negative impact on plant height, stem diameter, length and
root dry mass, harming.

Silva et al. (2020), evaluating the penetration resistance of a dystrophic red-yellow latosol under different soil
management systems, observed that the adoption of crop succession was beneficial in reducing soil penetration
resistance compared to treatment with soybean succession with fallow.

The use of cover crops results in greater financial return by reducing costs, preserving soil health, increasing
productivity, and the productive stability of economic crops. Therefore, it is noteworthy that the use of cover
crops, isolated or mixed, in rotation with commercial crops, can make the agricultural systems of the Cerrado
more efficient and sustainable (Silva et al., 2021). Thus, maintaining good soil preservation and systems that
seek to conserve or increase organic matter, such as direct planting and intercropping, are promising options
(Ventura et al., 2020).

As a result of this research, we concluded that the lettuce height produced in the different cover crop systems
were not affected. In addition, straw decomposition was greater in the fallow treatment compared to the sunn
hemp treatment. Lettuce yields were greater with the sunn hemp cover crop compared to sunflower cover crop,
but not significant different from the fallow treatment. Soil resistance for cover crops was not greater than 2
MPa.
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