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Abstract:
							                           
In intercropping systems, a high plant density can delay the biomass accumulation and affect the water availability to plants. This study aimed to evaluate the soil water dynamics and the crop yield performance in maize and Brachiaria ruziziensis intercropping under different sowing densities of the forage grass. The experiment was conducted in a randomized block design, with treatments associated to the sowing densities (2 kg ha-1, 4 kg ha-1, 6 kg ha-1 and 8 kg ha-1) and the single cropping for both species as controls. The maize plants were evaluated for grain yield and B. ruziziensis for number of plants per hectare and shoot fresh and dry matter. The intercropping performance was evaluated using the land-use efficiency index. The soil water dynamics was monitored in two soil depths (0-0.3 m and 0.3-0.6 m) by using the time domain reflectometry method. The evaluation of soil water storage was carried out from plots with four of the crop systems (single maize or B. ruziziensis, and intercropping with the extreme sowing densities), at four different times. The increase in the sowing density of B. ruziziensis decreased the grain yield of the intercropped maize by 30.8 %. The intercropping system using 2 kg ha-1 of the grass seeds resulted in the best land-use efficiency (23 %). In addition, the intercropping treatments promoted a higher extraction of water from the soil, mainly at the maize growth stages with higher hydric demand (e.g., flowering and grain filling). These systems stimulate the extraction of water from deeper soil layers, when compared to maize in single cropping.
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Resumo:
						                           
Em cultivos consorciados, uma alta densidade de plantas pode retardar o acúmulo de biomassa e afetar a disponibilidade hídrica às plantas. Objetivou-se avaliar a dinâmica da água no solo e o desempenho produtivo no consórcio de milho e Brachiaria ruziziensis sob diferentes densidades de semeadura desta forrageira. O experimento foi conduzido em blocos casualizados, com tratamentos associados às densidades de semeadura (2 kg ha-1, 4 kg ha-1, 6 kg ha-1 e 8 kg ha-1) e ambas as espécies em monocultivo como testemunhas. No milho, avaliou-se a produtividade de grãos e, na braquiária, o número de plantas por hectare e as massas verde e seca da parte aérea. O desempenho do consórcio foi avaliado pelo índice de uso eficiente da terra. A dinâmica da água no solo foi monitorada em duas profundidades (0-0,3 m e 0,3-0,6 m), pela técnica de reflectometria no domínio do tempo. A avaliação do armazenamento de água no solo foi realizada a partir de parcelas com quatro dos sistemas de cultivo (milho ou braquiária em monocultivo, e consórcios com as densidades de semeadura extremas), em quatro períodos. O aumento na densidade de semeadura de B. ruziziensis diminuiu a produtividade dos grãos do milho consorciado em 30,8 %. O consórcio usando 2 kg ha-1 de sementes da forrageira proporcionou melhor eficiência no uso da terra (23 %). Ademais, os tratamentos com consórcio promoveram maior extração de água do solo, especialmente nas fases de maior exigência hídrica do milho (e.g., florescimento e enchimento de grãos). Estes sistemas simulam a extração de água em maiores profundidades, quando comparados ao milho em cultivo solteiro.
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INTRODUCTION

Agriculture is responsible for the transformation of environments in the Brazilian Savanna biome due to the use of conventional agricultural systems, which cause physical, chemical and biological degradation of large areas (Kluthcouski & Stone 2003, Maitelli & Oliveira 2011). Contrastingly, the adoption of intercropping systems using grain and forage species has increased, since their adequate use avoids decreases in grain yield. This denotes the importance of information on competition of the species used in these systems for light, nutrients and, as in the case of the present study, water.

The initial competitiveness between intercropped plant species can be reduced by the adoption of cultural practices such as changes in the sowing density to delay the biomass accumulation by forage species and improve the water availability to plants, because the crop growth is directly related to stomatal opening and dry matter production (Borém et al. 2015).

Climate variations, mainly those related to rainfall, determine the production of grass and grain crops. Thus, evaluations and monitoring of soil moisture are needed to quantify variations in water contents, as well as to determine the optimal water interval and understand its relations with the capacity of available water in the soil, to plan strategies for intercropping and irrigation managements (Machado et al. 2015, Anjos et al. 2017, Srivastava et al. 2018). Few studies have evaluated the soil water dynamics after the adoption of integrated production systems involving annual crops and forage species, in the mid-north region of Brazil. Some studies conducted in the Brazilian Savanna biome in the southwestern Piauí state used the water requirement satisfaction index to subsidize the zoning of climate risks (Andrade Júnior et al. 2017) and determine the Kc (Silva 2011) for maize and Brachiaria ruziziensis (syn. Urochloa ruziziensis) intercropping.

This study aimed to evaluate the soil water dynamics, as a function of some maize and B. ruziziensis (ruzi grass) intercropping systems, and their production performance and land-use efficiency, under different sowing densities of this forage grass.




MATERIAL AND METHODS

The experiment was conducted at the Barbosa Farm, in Brejo, Maranhão state, Brazil (03º42’44”S, 42º55’44’’W and 55 m of altitude), from February to July 2018. The climate of the region is Aw, tropical hot and humid, according to the Köppen classification, and presents a mean annual temperature over 27 ºC, mean annual rainfall depth of 1,835 mm, annual relative air humidity of 73-79 %, a wet season from January to June and a dry season from July to December. The climatological variables were recorded by an automated agrometeorological station installed next to the experimental area. The rainfall depth during the experiment totaled 1,242 mm.

The soil in the area is classified as a Typic Hapludult (Argissolo Amarelo distrófico) of sandy loam texture, with presence of a cohesive horizon (Resende et al. 2014). Its chemical, physical and hydraulic characteristics are presented in Tables 1 and 2.

The experiment was carried out in a randomized complete block design, with four replications. The treatments were four ruzi grass sowing densities (2 kg ha-1, 4 kg ha-1, 6 kg ha-1 and 8 kg ha-1) in the intercropping system, and the single croppings for maize and forage grass as controls. The plot area was 10.0 m × 6.5 m, with thirteen maize rows spaced 0.5 m apart. An early-cycle maize single cross of high yield potential and responsive to crop managements (30 F 53VYHR - DuPont. Brasil) was grown. Before the sowing, its seeds were treated with fungicides (60 g of carboxin and 60 g of thiram per 100 kg of seeds).

The maize seeds were sowed using a no-till fertilizer seeder, for a stand of 60,000 plants ha-1, both for the single cropping and intercropping systems. Seeds of the forage species B. ruziziensis were sowed simultaneously, using selected seeds that presented purity of 30 %, considering the densities of each treatment. The sowing density in the ruzi grass single cropping was 3 kg ha-1.

The seeds were broadcasted manually in each treatment. Weeds were controlled at 36 days after sowing, with the herbicides atrazine (3 L ha-1) and nicosulfuron (0.25 L ha-1) (25 % of the recommended rate). Soil fertilization was done according to the results of the soil chemical analysis and maize crop requirements, based on Sousa & Lobato (2004).




Table 1




Chemical characteristics1 of soil from the experimental area.
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 1 pH (H2O); CEC: cation exchange capacity; OM: organic matter.











Table 2




Physical and hydraulic characteristics1 of soil from the experimental area.
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 1 SD: soil density; FC: field capacity; PWP: permanent wilting point.








The soil water dynamics was evaluated through an automate device (TDR-100, Campbell Science.) composed of 0.3-m long probes, multiplexers and a datalogger, and programed to execute and store readings every 30 min. The TDR probes were installed in the center of each plot, at the 0.0-0.30 m and 0.30-0.60 m soil layers. The surface probe was installed by fixing it directly in the soil at approximately 0.2 m from the central row of plants in the plot. The installation of the probe in the deeper soil layer evaluated (0.3-0.6 m) required digging the soil to a depth of 0.3 m for its fixation. Both probes were fixed at approximately 0.1 m from each other, to avoid effects of possible variations in soil structure on the soil water dynamics analysis.

The soil moisture was monitored on a daily scale (mean of 48 records per day). The soil water dynamics was monitored from March 9 to July 19, 2018.

The daily soil water storage was calculated by multiplying the daily water volume content (cm³ of water per cm. of soil) by the thickness of the evaluated soil layer (300 mm). The soil moisture was monitored in four developmental stages of the crops: maize at the vegetative stage and B. ruziziensis at the emergence (32-50 days after the maize sowing - DAS); maize at flowering and B. ruziziensis at the establishment stage (51-84 DAS); maize at the physiological maturation to harvest and B. ruziziensis at the vegetative stage (85-127 DAS); harvested maize and B. ruziziensis at full growth (128-169 DAS).

The soil water storage at the 0.0-0.3 m and 0.3-0.6 m soil layers was evaluated throughout the period that the soil moisture was monitored with TDR probes, in the evaluated crop systems, considering the degree-day accumulation for both crops (Vila Nova et al. 1972).

The maize was harvested at 134 DAS, and its grain yield was evaluated considering the central 6 m² of each plot. Then, the first evaluation of production performance for the forage B. ruziziensis was done, considering the plant density calculated by using two replications of a simple counting of plants at the central 0.5 m² of each plot, and the fresh and dry weights of shoot plants were determined using four replications of the central 0.5 m² of each plot. The forage plants used for evaluations were cut at a height of 0.05 m from the ground, always in different places; however, within the evaluation area of each plot. The forage samples were placed in paper bags and evaluated for fresh weight. A subsample of approximately 0.4 kg was taken for evaluation of dry weight (Embrapa 2005). The second evaluation for fresh and dry weight of B. ruziziensis was done at 168 DAS.

The estimated participation of each crop in the intercropping yield was calculated by the land-use efficiency index (Willey 1979), which was applied to each evaluated sowing density.

The soil water storage was evaluated at two soil layers (0.0-0.3 m and 0.3-0.6 m) for the two single croppings and the highest and lowest B. ruziziensis sowing densities (2 kg ha-1 and 8 kg ha-1, respectively), in order to assess the effects of these sowing densities on the soil water extraction and soil moisture at different depths.

The yield performance data of the crop species were subjected to analysis of variance and, when the treatment means were significantly different by the F-test at 5 % of significance, regression analyses were used to estimate the crop responses to the grass sowing densities. The regression equation with the highest coefficient of determination was adopted. The analyses were carried out using the ExpDes 3.5.1 package of the R software (Ferreira et al. 2013).




RESULTS AND DISCUSSION

Significant differences (p < 0.05) in maize grain yield were found for the evaluated Brachiaria ruziziensis sowing densities. The data fitted to a decreasing linear regression model (Figure 1). The maize grain yield decreased 226 kg ha-1 as the kg ha-1 of B. ruziziensis seeds was increased, reaching 3.6 Mg ha-1 at the density of 8 kg ha-1 of B. ruziziensis seeds.

The maize grain yield, when grown single in the first crop season of 2017/2018, was 3.5 Mg ha-1 in the Maranhão state and 2.5 Mg ha-1 in the Chapadinha microregion (IBGE 2018). The mean found for grain yield in the single maize crop system evaluated in the present study was 5.4 Mg ha-1. Thus, the results were adequate to the local conditions and probably improved due to the adoption of technologies that promote higher yields in the region.

The maize grain yield in the intercropping system decreased as the sowing density of B. ruziziensis was increased. According to Brambilla et al. (2009), without the forage species, maize plants have better light, water and nutrient availabilities. The increase in the sowing density of B. ruziziensis decreased the ear development and grain production of maize plants because of the intensification of the competition between these plant species.

The number of B. ruziziensis plants increased in 5.1 × 10. plants ha-1 as the kg ha-1 of seeds of this forage was increased, reaching 73.7 × 10. plants ha-1 when using the sowing density of 8 kg ha-1 (Figure 1). According to Kluthcouski & Aidar (2003), the establishment of B. ruziziensis plants intercropped with maize can be satisfactorily obtained when using the forage species at sowing densities of 4-6 plants m-2 (40,000-60,000 plants ha-1), in general, with no maize grain yield losses. Similar results were found in the present study, with a number of plants between 4.5 plants m-2 and 7.3 plants m-2 (40,000-73,000 plants ha-1).
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Figure 1




Response of grain yield for maize (MGY) and number of plants per hectare (NPH), shoot fresh (BFW) and dry (BDW) weight for Brachiaria ruziziensis, as a function of sowing densities (X) of this forage grass intercropped with maize. The numbers 1 and 2 after BFW and BDW indicate successive evaluations performed at 134 and 168 days after the maize emergence.** and *: significant values at 1 % or 5 % of probability, respectively, by the t-Student test.
















Ceccon et al. (2014) found that the increase in the population of B. ruziziensis reduced the prolificacy, crop growth and grain filling rates. This reduces the maize mass and grain yield, which may be influenced by the adopted seeding density, as observed in this study.

The first evaluation of fresh weight for B. ruziziensis showed an increase of 234 kg ha-1 as the kg ha-1 of B. ruziziensis seeds was increased, reaching 7.6 Mg ha-1 when using the sowing density of 8 kg ha-1. The second evaluation showed an increase of 1,066 kg ha-1 as the kg ha-1 of B. ruziziensis seeds was increased, reaching 18.3 Mg ha-1 when using B. ruziziensis seeds at a sowing density of 8 kg ha-1 (Figure 1).

The dry weight of B. ruziziensis in the first evaluation had an increase of 151 kg ha-1 as the kg ha-1 of B. ruziziensis seeds was increased, reaching 2.9 Mg ha-1 when using the forage seeds at a sowing density of 8 kg ha-1 (Figure 1). In the second evaluation, there was an increase of 434 kg ha-1 per increased kg ha-1 of B. ruziziensis seeds because of an increase in the number of plants, reaching 8.2 Mg ha-1 when using 8 kg ha-1 of B. ruziziensis seeds. Considering that producers intend to grow plants for feeding animals in periods between crop seasons, this is an advantageous result for using this intercropping system in the region, because B. ruziziensis plants that have a high dry matter production represent more feed for animals.


Batista et al. (2012) evaluated an intercropping of winter maize and forage species in the São Paulo state, Brazil, and found a dry matter accumulation for B. ruziziensis of 2.35 Mg ha-1 when adopting a sowing density of 9 kg ha-1. The difference for dry biomass production of B. ruziziensis found in studies may be explained by the local climatic conditions. The east Maranhão microregion has favorable climatic conditions for the development of forage species, presenting a high mean temperature and solar radiation (Lara 2007).

The land-use efficiency found for the B. ruziziensis sowing densities of 2 kg ha-1, 4 kg ha-1, 6 kg ha-1 and 8 kg ha-1 were 1.23, 1.16, 1.08 and 1.03, respectively (Table 3). The intercropping yield per area was 23 %, 16 %, 8 % and 3 % higher, when compared to the monocultures. Therefore, the increase in the sowing density decreases the land-use efficiency for maize and B. ruziziensis intercropping.


Andrade Júnior et al. (2017) evaluated the water requirement satisfaction index of maize and B. ruziziensis grown in single cropping and intercropping systems under different soil water availabilities and found a 43 % higher efficiency in the intercropping system, when compared to the single cropping, using water at 100 % of the ETo (reference evapotranspiration), as also found in the present study. The efficiency decreased 4 % when using 80 % of the ETo, denoting that the water availability directly affects the efficiency of the maize and B. ruziziensis intercropping.

This difference affects the land-use efficiency in intercropping systems. Therefore, under the conditions of the east Maranhão microregion, the use of B. ruziziensis seeds at a sowing density of up to 2 kg ha-1 for intercropping with maize may result in low decreases for maize grain yield and a good production of fresh and dry matter, contributing to the forage production for the following crop season. The increase in light interception due to an increased leaf area affects the net photosynthesis, resulting in a higher carbon fixation and biomass production (Pimentel 1998).

Water availability is important for a high productive performance, and the used crop systems affected the soil water storage (Figure 2A). The water content at the 0.0-0.3 m soil layer in all evaluated cropping systems was, on average, 56 mm, except for the single cropping of B. ruziziensis, which presented a higher mean (62 mm) because of its slower shoot development and the herbicide application (nicosulfuron). The soil water storage in all cropping systems showed higher decreases in days subsequent to dry periods, when maize plants presented a degree-day accumulation of 594 to 648 (37 to 45 DAS) and this soil water content was below the critical storage, characterizing a water deficit in the maize vegetative period.




Table 3




Land-use efficiency of maize and Brachiaria ruziziensis grown single or intercropped under different sowing densities of ruzi grass1.
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According to Abraham et al. (2014), shading can benefit the growth of forage species under low water availability conditions by decreasing the evapotranspiration and increasing the soil moisture. The maize and B. ruziziensis intercropping with the highest ruzi grass sowing density resulted in a lower soil water storage because of its higher water extraction by the two crops, mainly maize (Figure 2).

The rainfall depth in the second monitoring period (Period 2; Figure 2A) was 81 mm, which increased the soil moisture to the field capacity, extending up to degree-day accumulations of 1,421 and 800 for maize and B. ruziziensis, respectively. In this period, the soil water storage was above the critical storage, what is important for the maize flowering and grain filling stages when the water demand is higher, especially when intercropped with ruzi grass. Moreover, the B. ruziziensis in single cropping maintained a higher soil moisture (78 mm) due to its slower growth. However, the maize in single cropping presented a soil moisture (73 mm) similar to those observed in the intercropping with the grass sowing densities of 2 kg ha-1 (74 mm) or 8 kg ha-1 (72 mm).
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In this period, maize plants were at the flowering stage, which is a critical period that defines the grain yield (Sans et al. 2001), because of physiological processes connected to zygote formation and grain filling, high transpiration due to a large leaf area, and high energy charge from solar radiation (Bergamaschi et al. 2006).

During the maize physiological maturation stage (Period 3; Figure 2), the rainfall depths decreased. In this period, the soil water storage in the maize single cropping (56 mm) was higher than those in the other cropping systems up to the end of the monitoring. This decrease in soil water extraction was mainly due to a decrease in evapotranspiration of maize plants at the end of the cycle (Allen et al. 2005, Lyra et al. 2010). In this period, maize plants were at the physiological maturation, when all grains of an ear reach their maximum dry weight or maximum dry matter accumulation (Ritchie et al. 1997). This stage is characterized by intensification of leaf senescence, causing a higher decrease of leaf area, which results in lower shading and best conditions for the development of intercropped B. ruziziensis plants, as also reported by Sereia et al. (2012).

In the last monitoring period (Period 4; Figure 2), after the maize harvest, the 0.0-0.3 m soil layer presented a higher water extraction in the B. ruziziensis single cropping. The intercropping systems presented a soil water storage similar to that of the B. ruziziensis single cropping (31 mm), with means of 32 mm and 29 mm for the sowing densities of 2 kg ha-1 and 8 kg ha-1, respectively. The water consumption in the intercropping systems with these different sowing densities was similar to that of the B. ruziziensis single cropping under water deficit conditions (Figure 2A). Thus, despite the fact that the roots of the forage species reached a depth of 95 cm, the evaluation at the 0.3-0.6 m soil layer satisfactorily represents the intercropping conditions, according to some studies that used the soil water balance method for B. decumbens (Silva et al. 2014, Machado et al. 2015) and B. brizantha (Gondim et al. 2015) crops.

The soil water storage at the 0.3-0.6 m soil layer (Figure 2B) varied less due to a lower root effective volume in this layer (Silva et al. 2014) and a lower water percolation from the 0.0-0.3 m layer. The soil water storage was above the critical storage up to the maize harvest. After the decrease of rainfall events, the soil under B. ruziziensis single cropping dried faster, followed by those under intercropping at sowing densities of 8 kg ha-1 and 2 kg ha-1, and maize in single cropping.

The soil water storage at the 0.3-0.6 m soil layer at the end of the cycle tended to be equal in all the evaluated cropping systems because of the decrease in the rainfall events and increase of water extraction from the surface layer. This period showed a water deficit when the soil water storage was below the critical storage.

The two intercropping systems showed a lower soil water storage at the 0.3-0.6 m soil layer. This may be attributed to the competition pressure in previous stages of maize plants, which probably resulted in a higher root development of the forage species to deeper layers, in order to search for water and nutrients. Thus, they explored a higher soil volume than the maize roots. Some studies have also shown that increases in plant density and water availability stimulate the root development of forage species because of the competition for water and nutrients (Cunha et al. 2007, Silva et al. 2000).




CONCLUSIONS




	
1. The increase in the sowing density of Brachiaria ruziziensis intercropped with maize decreases the maize grain yield (30.8 %) and increases the plant density and fresh and dry matter of the forage species (30.9 %);

2. The maize and B. ruziziensis intercropping system results in a better land-use efficiency (23 %) when using seeds of the forage species at a sowing density of 2 kg ha-1;

3. The intercropping of maize and B. ruziziensis promotes a higher soil water extraction, mainly at the 0.0-0.3 m soil layer and when the maize growth stage demands higher water contents (e.g., flowering and grain filling). However, this system stimulates the extraction of water from deeper soil layers, when compared to maize in single cropping.
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