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Abstract

:

This study aimed to assess the impact of intercropping pigeon pea (Cajanus cajan cv. Super N) with maize (Zea mays cv. AG 5055) and Paiaguás palisadegrass (Urochloa brizantha cv. BRS Paiaguás) on grain yield, silage chemical composition, and post-harvest grazing forage. The experiment was conducted on the School Farm of Instituto Federal Goiano, Campus Iporá. The experiment treatments consisted of three cropping systems: pigeon pea and Paiaguás palisadegrass intercropping (PPPG), maize and Paiaguás palisadegrass intercropping (CPG), and maize, pigeon pea, and Paiaguás palisadegrass intercropping (CPPPG), respectively. It was observed after the fermentation process that the PPPG silage promoted the lowest values of forage mass (FM) and a reduction in the dry matter (DM) concentration. The PPPG silage showed higher values of crude protein (75.28 g kg−1 DM), while the CPPPG silage showed proportionately higher values of total digestible nutrients (616.11 g kg−1 DM). The intercropping did not affect the corn grain productivity, thus obtaining an average value of 4.78 Mg ha-1. After the silage harvest, during the dry season, a similar forage availability was obtained between the treatments (3.73 Mg ha−1). All three cultivation strategies produced abundant forage for grazing, showing that integrated intercropping systems can mitigate the seasonality in tropical forage production.
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1. Introduction


The Brazilian savannah (Cerrado) has a great potential for food production. However, environmental constraints must be considered, as most of its soil is naturally acidic, with a low nutrient availability and low levels of organic matter [1]. Therefore, the agricultural production in these regions relies heavily on chemical fertilisation [2,3,4,5,6].



Inorganic fertilisers effectively release nutrients for plants, but dependence on them increases economic risks. Specifically, the use of nitrogen sources, such as urea, negatively affects the soil chemical composition because the nitrification process releases ammonia (NH4+), which is then oxidised to nitrate (     NO  3 −    ) and releases two hydrogen ions (H+). These hydrogen ions fill the negative charges in the colloid particles in the soil, leading to soil acidification and requiring frequent liming [7,8,9,10]. Therefore, the utilization of legumes as a nitrogen source is a crucial strategy for enhancing the sustainability of food production. By incorporating legumes into the production system, this stimulates the development of rhizobial bacteria, facilitating biological nitrogen fixation [11,12]. This reduces reliance on synthetic nitrogen fertilizers and contributes to soil fertility. This reduces reliance on synthetic nitrogen fertilizers and contributes to soil fertility.



To improve the productive performance of Cerrado soils in Mato Grosso do Sul, Brazil, Guimarães et al. [13] observed that soils cultivated with pigeon pea (Cajanus cajan) had a lower resistance to penetration compared to those with maize (Zea mays) cultivation. Furthermore, the use of nitrogen-fixing plants (legumes) with forage grasses reduces the need for chemical fertilisers, as observed by Gitti et al. [14] in a study conducted in the same region. These authors found a reduction in production costs of wheat (Triticum aestivum L.) when intercropping with pigeon pea and pearl millet (Pennisetum glaucum), as this combination added 50 to 75 kg of N ha−1 to the soil.



In an integrated crop–livestock system, Pariz et al. [15] showed that the triple intercropping of summer crops (pigeon pea, maize, and Urochloa brizantha cv. Marandu) with black oat (Avena strigosa) cultivation in the winter increased the silage production and improved the system productivity in both seasons. Additionally, Ligoski et al. [16] found that excellent-quality silage was produced by triple intercropping with pigeon pea, maize, and Xaraés palisadegrass (Urochloa brizantha cv. Xaraés) in the Brazilian Cerrado region.



One challenge in tropical regions, such as savannas, is ensuring year-round grazing forage production, which can be hampered by water deficits and temperature reductions [17]. However, integrated crop–livestock systems can minimize the impact of these abiotic events and improve the forage production by combining different types of plants intercropping to maximize the soil use [15]. This approach helps to maintain the soil productivity and improve the quality and quantity of the forage available for animals, thereby enhancing the economic performance of the production system [18,19]. Additionally, to maximize production during the offseason, the inclusion of Paiaguás palisadegrass (Urochloa brizantha cv. BRS Paiaguás) may be a promising alternative, as this grass exhibits a phenotypic plasticity for the dry season, ensuring sufficient forage production despite water scarcity [20].



This study aims to assess the potential of intercropping legumes with grasses, based on the following hypotheses: (I) the triple intercropping of pigeon pea, maize, and Paiaguás palisadegrass will result in silage with an improved chemical composition. (II) Intercropping with pigeon pea can enhance maize yield. (III) The residual effects of the intercropping system after the silage harvest will contribute to the favourable agronomic performance of Paiaguás palisadegrass during the dry season. To test these hypotheses, experiments will be conducted to evaluate the parameters of the silage chemical composition, maize yield, and agronomic performance of Paiaguás palisadegrass. The obtained results will provide valuable insights into the feasibility of intercropping legumes with grasses, contributing to the development of sustainable and efficient agricultural practices.



Therefore, we evaluated the chemical composition and silage production, corn yield, and forage production through the three intercropping strategies involving pigeon pea, corn, and Paiaguás palisadegrass.




2. Materials and Methods


2.1. Experimental Field Characterisation


The experiment was conducted on the School Farm of Instituto Federal Goiano, Campus Iporá (16°25′29″ S, 51°09′04″ W). Based on the Köppen–Geiger classification [21], the climate of the region is Aw (tropical with summer rains), with an annual average precipitation of 1785 mm, 87% of which is concentrated between March and October. The region has an annual period of five months with a water deficit [22]. The climatic information during the experiment was obtained in an automatic meteorological station (Code A028) of the Instituto Nacional de Meteorologia (INMET), located in Iporá, Goiás (Figure 1).




2.2. Experimental Design and Treatments


The data collection began on 22 January 2015 and ended on 17 October 2015. The experimental design use was completely randomised, with three repetitions for each treatment. The treatments were composed using three strategies of intercropping cultivation: pigeon pea (Cajanus cajan cv. Super N) and Paiaguás palisadegrass (Urochloa brizantha cv. BRS Paiaguás) intercropping (PPPG), maize (Zea mays cv. AG 5055) and Paiaguás palisadegrass intercropping (CPG), and maize, pigeon pea, and Paiaguás palisadegrass intercropping (CPPPG). The experimental field was 4.5 ha, which was divided into nine paddocks of 0.5 ha each. Each paddock was considered to be one repetition and three paddocks were randomly allocated for each treatment. Since the intention was to produce pasture for the dry season, each experimental unit was separated by only one fence, with a 4 m wide access corridor to carry out animal management during the grazing phase (Figure 2).




2.3. Soil Fertilisation and Experimental Procedures


The soil sampling (to a depth of 0–20 cm) and analyses were performed before the experiment began. The soil was classified as Cambisol [23] with 560 g of sand, 270 g of clay, and 170g of silt. The analysis of the chemical composition of the sample revealed the following results: 5.2 pH in CaCl2; 2.7 cmolc dm−3 of calcium (Ca); 1.5 cmolc dm−3 of magnesium (Mg); 2.5 cmolc dm−3 of potential acidity (H+Al); 7.1 cmolc dm−3 of cation exchange capacity (CEC); 3 mg dm−3 of phosphorus (Melich); 0.38 cmolc dm−3 of potassium (K); 1 mg dm−3 of sodium (Na); 6 mg dm−3 of sulphur (S); 0.2 mg dm−3 of boron (B); 0.7 mg dm−3 of copper (Cu); 39 mg dm−3 of iron (Fe); 97 mg dm−3 of manganese (Mn); 4.5 mg dm−3 of zinc (Zn); 1.6% of organic matter (OM); and 64% of base saturation (V%) [24].



Gypsum (1.0 Mg ha−1) was applied, followed by 32’ disc harrowing and later levelling. The sowing of the three treatments was carried out on 22 January 2015, using a multiple seeder that distributed the maize seeds in rows spaced 0.5m apart (62,000 seeds ha−1). In order to prevent the pigeon pea and Paiaguás palisadegrass from compromising the development of the maize in the intercrops of CPG and CPPPG, broadcasting seeding was performed at rates of 13.3 kg ha−1 (pigeon pea) and 9.36 kg ha−1 (Paiaguás palisadegrass) of pure and viable seeds. The same sowing criterion was adopted for the intercropping involving only PPPG. No inoculation was performed on the pigeon pea seeds.



The base fertilisation was 197.5 kg ha−1, using 04-30-10 (N-P-K) fertiliser. During the development of the maize plants, two nitrogen fertilisations were performed at 19 and 29 days after sowing, totalling 70.6 kg of N ha−1.




2.4. Chemical Composition of Silage


At 93 days after seeding, (when the maize reached the milk-line maturity stage, it had a dry matter (DM) content ranging from 30% to 35%, as can be observed in Table 1), four samples of 1 m2 were cut from each repetition (paddock), and the maize was cut at a height of 10 cm above the ground, allowing for the determination of the amount of forage mass (FM Mg ha−1) available for ensiling. Two samples were weighed and separated into maize, pigeon pea, and Paiaguás palisadegrass. These were placed in a 65°C oven for 72 hours and then weighed again to obtain the dry matter (DM g kg−1) content. Then, the samples were ground at 1 mm in a Willey mil for bromatological analyses.



The chemical compositions comprised measurements of the DM (g kg−1), Ash (ash g kg−1 M), crude protein (CP g kg−1 DM) according to the AOAC methodologies [25]. Neutral detergent fibre (NDF g kg−1 DM), acid detergent fibre (ADF g kg−1 DM) were analyzed following the methodology of Mertens [26], while for lignin (LIG g kg−1 DM), the methodology of Van Soest et al. [27] was used. The CP was measured via an acid digestion of the sample and a quantification of the nitrogen content, while the ash was measured via a quantification of the mineral residue present after the sample was calcined. The total digestible nutrients (TDN) were estimated using the equation (TDN = 105.2 − 0.68 × (NDF)), proposed by Chandler [28] (Table 1).



Two samples of fresh forage were chopped and stored under anaerobic conditions in PVC tube microsilos (100 mm), which simulated the anaerobic conditions of ensiling. The microsilos were opened 110 days after closure and the forage samples were collected. When the experimental microsilos were opened, the silages from the three treatments proved to have a light colour and an acidic and sweet smell with notes of fermentation, indicating that the fermentation process occurred as desired [29]. Subsequently, the samples were weighed and dried in a 65 °C oven for 72 h to determine the DM content. Then, the material was ground to measure its chemical composition [25,26,27,28].




2.5. Maize Grain Yield


To determine the best course of action between harvesting maize for silage or grain production in integrated production systems, the following procedure was executed: prior to the silage harvest, four points per plot were randomly selected to assess the grain productivity megagrams per hectare (Mg ha−1). During the point selection stage, the team avoided the borders. Therefore, the grain production samples were taken from the closest part to the centre of the experimental unit. These specific points were not harvested for the silage and the plants were left in the field for 117 days after sowing to allow for proper grain development. At each point, the grain yield was measured in ten randomly selected plants and the results were adjusted for plant stand. The grain weight was also corrected for moisture content, set to 13%.




2.6. Forage Evaluation during the Dry Season


During May and June 2015, the negative field was used to accumulate the FM. Then, from July to October 2015, each treatment was managed under continuous stocking grazing management with two heifers per paddock (seven months old and 180 kg of live weight), one being Nelore and the other F1 (Nelore × Angus). They represented an initial average stocking rate of 1.9 AU ha−1 and a final average stocking rate of 2.2 AU ha−1.



The canopy height (CH, cm) was measured with a centimetre-graduated ruler. The CH of each point corresponded to the average height of the curvature of the upper leaves.



Forage samples were collected every 28 days after the start of the animal grazing. Four points of 0.25 m2 were sampled per paddock and the cut was made at a height of 10 cm from the ground to avoid soil contamination in the sample. Afterwards, the samples were placed in an oven at 65 °C for 72 hours and weighed again to determine the FM (Mg ha−1). The samples were then ground and subjected to a bromatological analysis, as previously explained [25,26,27,28].




2.7. Statistical Analyses


The silage FM, chemical composition, and grain yield data were analysed using two models: Model I: Yij = μ + SCi + εij, where Yij represents the observed values of the silage and grain yield, μ represents the mean, SCi represents the treatment effect on the silage chemical composition (SCi = PPPG, CPG, and CPPPG), and εij represents the experimental error related to Yij. Model II: Yij = μ + GCi + εijk, where Yij these represent the observed values for grain yield, GCi represents the observed effect in the maize grain yield (GGi = CP and CPPPG), and εijk represents the experimental error related to Yij.



The forage data, including the CH, FM, and chemical composition, were analysed using a subdivided plot model: Model III: Yijk = μ + Fi + εij + Dj + FDij + εijk, where Yijk represents the observed values of the forage data, μ represents the mean, Fi represents the observed effect of the treatment (Fi = PPPG, CPG, and CPPPG), Dj represents the effect of the grazing days (Dj = 0, 28, 56, 84, and 112 days), FDij represents the interaction effect of the treatment and grazing days, and εij and εijk represent the experimental errors related to Yijk.



When significant effects were observed, the means were compared using the Scott-Knott test (p < 0.05). The ExpDes package [30] was used for Models I and III and the easyanova package [31] was used for Model II. The analyses were performed in software R version 4.2.1 [32].





3. Results


3.1. FM and Chemical Composition of the Silage


The PPPG silage promoted the lowest FM values, and a reduction in the DM concentration was observed after the fermentation process. However, this type of forage resource resulted in high concentrations of ash and CP. On the other hand, PPPG had higher levels of ADF and LIG. The CPPPG silage had a lower NDF concentration and, consequently, higher TDN levels (Table 2).




3.2. Maize Grain Yield


The productivity of the maize did not show any differences among the intercropping systems. Therefore, the mean grain productivity for the intercropping systems with maize was 4.78 Mg ha−1 (Table 3).




3.3. Height, FM and Chemical Composition of Forage during the Dry Period


The intercropping and number of days of grazing did not interact for the CH, FM, and CP (Table 4). A higher CH was observed in PPPG. The intercropping systems, with regard to the FM and CP, showed no differences; therefore, mean values of 3.73 Mg ha−1 and 41.37 g kg−1 were generated for the three strategies (Table 4). During the dry season, the CH was higher at 56 days. Concerning the CP, a lower mean was measured at 112 days of grazing (Table 4).



The ash, fibrous fractions (NDF and ADF), LIG, and TDN of the palisade grass forage showed an interaction effect between the treatment and the number of grazing days. The number of grazing days did not affect the ash content in the forage. The grass forage of the CPPPG intercropping had a lower ash content at 0 and 112 days of grazing. The pasture cultivated with the pigeon pea intercropping showed lower NDF levels at 0 and 58 days of grazing, while the grass coming from the CPPPG intercropping had higher NDF levels at 112 days of grazing (Table 5).



At 28 days of grazing, the palisade grass of the CPG and CPPPG intercroppings had lower ADF values. For the PPPG intercropping, the ADF fraction did not vary during the grazing period, with a mean value of 558.96 g kg−1. In the palisade grass from the CPPPG intercropping, the ADF levels were reduced at 28, 56, and 84 days of grazing (Table 5).



The number of days did not affect the grazing for the LIG levels of the forage from the PPPG intercropping, with a mean value of 116.9 g kg−1. The other intercroppings showed lower LIG levels at 28, 56, and 84 days of grazing (Table 5). The CPG and CPPPG pastures showed higher TDNs at 28 and 112 days of grazing compared to the PPPG intercropping (Table 5).





4. Discussion


4.1. FM and Chemical Composition of the Silage


The intercroppings of two (CPG) or three species (CPPPG) ensured a high DM production for silage-making (Table 2). These results demonstrate that the formation of a diverse agricultural environment strategically combines species with distinct forage abilities and promotes positive and sustainable increases in forage production. The potential competition for abiotic resources among plants can lead to a better utilization of the available nutrients, resulting in the maximum productivity potential of the intercropped plants [33,34].



To produce maize silage in monoculture and intercropping systems, carrying out ensiling when plants have a DM concentration ranging from 300 g kg−1 to 350 g kg−1 is recommended [35,36], as can be observed in Table 1. Based on this parameter, ensuring that fermentation processes occur adequately without compromising the quality of the produced forage resource is possible.



The high values of ash content measured in the PPPG silage are consistent with previous observations of legume–grass intercropping silage [37]. Garland et al. [38] demonstrated that pigeon pea intercropping affected the soil’s chemical composition by increasing the reserve of organic phosphorus, which had a positive effect on the root development and increased the contact area between the roots and the nutrients in the soil. As a consequence, the plants could uptake more mineral elements from the soil.



In the Brazilian cerrado (the same region as the present study), Rezende et al. [39] observed that Paiaguás palisade grass, when intercropped with pigeon pea (as in the PPPG treatment), exhibited a higher concentration of minerals in its leaves compared to monoculture. Since legumes improve the chemical composition of soil by increasing its organic matter and nitrogen levels, they provide positive agronomic benefits for plants grown in intercropping systems with legumes [12,13,14]. Therefore, the hypothesis is that an addition of legumes to silage can increase the mineral content in the diet of ruminants, potentially reducing the demand for inorganic supplements. Thus, further investigations are important to understanding which minerals (N, P, K, and S) increase in their concentrations in the silage after intercropping with pigeon pea.



Legumes naturally present a higher CP compared to other forage resources [40,41]. Therefore, their addition to silages can increase their nutritional value [42,43,44]. Silage from PPPG intercropping can be an important alternative when other protein sources are lacking and/or are too expensive to compose the ruminant diet.



The CP content in the silage from the CPG intercropping was below the recommended levels by Paludo et al. [45] for this specific mixture. In the case of the CPPPG intercropping, the silage did not exhibit higher levels of crude protein due to the lower proportion of pigeon pea contribution (Table 2: two types of grass versus one legume) to the total FM. This was attributed to the triple intercropping system, where the maize had a significant contribution to the total forage mass.



Teixeira et al. [46] argued that forage from intercropping systems has a higher protein and carbohydrate degradability than forage from monocultures. According to these authors, the grasses intercropped showed phenotypic plasticity, that is, the plants changed their growth pattern due to the competition for abiotic resources (e.g., light). Consequently, this caused a reduction in the stem diameter, thus decreasing the allocation of photosynthesis products and energy towards the deposition of structural carbohydrates, such as cellulose and lignin polymers, which could potentially enhance the nutritive value of intercropped grasses [47,48].



The silage from the CPPPG intercropping had lower NDF and higher TDN contents. Therefore, triple intercropping can increase the energy available in the silage, which can increase the animal performance or decrease the use of concentrated energy sources in diets (e.g., maize, wheat, and sorghum). Moreover, lower ADF and LIG (Table 2) can enhance the ruminal degradability and overall digestibility [49,50], leading to a higher efficiency of the feed. Ligoski et al. [16] showed that pigeon pea, maize, and grass intercropping can contribute to lowering enteric methane emissions.




4.2. Maize Yield


The results obtained for the maize grain yield in the two cropping systems (Table 3) followed Batista et al. [51], who observed that intercropping maize with different species of Urochloa spp. (ruziziensis grass, decumbens grass, and Marandu palisadegrass) did not affect the maize productivity. Santos et al. [52] also found no influence on the maize grain yield produced by intercropping with Urochloa ruziziensis and Megathyrsus maximus cv. BRS Zuri (Zuri guinea grass).



However, the use of this intercropping strategy, coupled with a crop rotation system, can benefit the soil and system yield in the long term, due to the intensification of nutrient cycling [14]. Morais et al. [53] observed increases in biomass deposition due to pigeon pea and Paiaguás palisadegrass intercropping, which increased the yield of Vigna unguiculata (yardlong bean) in sandy soils. Muniz et al. [54] showed that tropical grasses (Urochloa spp. and Megathyrsus maximus) had a higher carbon-to-nitrogen ratio (30:1), slowing down the residue decomposition, which can enhance the organic matter formation.




4.3. Height, FM and Chemical Composition of Forage during the Dry Period


The pasture established by the PPPG intercropping had higher values of CH. However, the dry mass was similar for the three cultivation strategies (Table 4). Thus, the phenotypic plasticity of the Paiaguás palisade grass in these different conditions can be verified; with the pigeon pea competition for light, the pasture had a greater height, with long tillers and more leaves. However, this higher canopy generated a lower number of tillers compared to the pasture with a low height. Therefore, the number of tillers changes the forage density [55,56,57].



In the dry season, the three strategies promoted a higher forage availability than that which was found in the literature on grass monocultures, for example, Euclides et al. [20] and Fernandes et al. [58] (2.66 Mg ha−1 and 2.63 Mg ha−1, respectively). The benefits of an integrated crop–livestock system for pasture establishment have already been observed by Dias et al. [59]. These authors showed that Urochloa spp. (Ruziziensis and Xaraés palisadegrass) and Megathyrsus maximus (Mombaça guinea grass and BRS Tamani guinea grass) after soybean intercropping had a higher forage production with a better nutritive value, increasing the animal performance during the dry season.



At the end of the grazing period (112 days), due to the successive defoliation and lack of precipitation (Figure 1), the pasture showed a low CH, dry mass, and CP, as expected (Table 4). Notwithstanding this, the remaining biomass was enough to protect and cover the soil, allowing good conditions for the next crop season [60].



In pastures of Urochloa brizantha, the normally seen NDF values are between 720 g kg−1 and 740 g kg−1, and higher values are found in grasses in the reproductive phase and/or high shoot and dead material participation on sward [61,62]. Well-managed Paiaguás palisadegrass should exhibit values close to 418 g kg−1 of ADF [63] and 31.90 g kg−1 of LIG [64].




4.4. Considerations about Intercropping Systems


Additionally, intercropping with pigeon pea did not have any negative impact on the grain yield in the short term (during the first year of the system implementation). However, to fully understand the long-term implications of these intercropping strategies, further research should be conducted into their effects on soil microorganisms and the availability of organic nutrients, especially the N and OM deposition in the soil.



Intercropping systems represent an important option for production systems in the Brazilian savannah, as this region has a long period without rain and a strong water deficit, when having a good forage for grazing is challenging [58,59,60,61,62,63,64,65,66]. Thus, the cultivation of plants with distinct functionalities assures a good production of conserved forage (silage) and a simultaneously good forage for grazing during the drought period. Therefore, more research involving the use of other forage species to verify the potential for silage and pasture production during periods of water scarcity should be conducted.





5. Conclusions


Under the experimental conditions, intercropping between two or more forage resources did not improve the chemical composition of the produced silage, as reported in the literature. This could be related to the low contribution of the pigeon pea to the production of the silage. However, all three cultivation strategies resulted in a high forage mass production for grazing, demonstrating that integrated systems involving intercropping with multiple species are an excellent alternative to reducing the seasonality in forage production during the dry periods in tropical regions.







Author Contributions


Conceptualisation: T.D.P.P., P.B.F., E.M.A. and G.C.J.; Funding acquisition: T.D.P.P.; Designed and performed the statistical analysis: P.B.F. and T.D.P.P.; Conducted the experiment and collected the data: T.D.P.P., L.F.G., F.L.C. and J.A.S.; Interpretation and writing of results: P.B.F. and T.D.P.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Council for Scientific and Technological Development (CNPq), Process number 468100/2014-8. This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior–Brasil (CAPES), Finance Code 001. Goiano Federal Institute of Education, Science, and Technology (IF Goiano): number 19/2022.




Institutional Review Board Statement


All experimental protocols were approved by the IF Goiano Ethical Committee in the Use of Animals (decision #14/2014).




Data Availability Statement


The datasets generated during and/or analysed during the current study are available from the corresponding author upon reasonable request.




Acknowledgments


We acknowledge the administrative support of the Goiano Federal Institute of Education. Science and Technology (IF Goiano).




Conflicts of Interest


The authors have no conflict of interest to declare that are relevant to the content of this article.




References


	



Correia, J.R.; Reatto, A.; Spera, S.T. Solos e Suas Relações com o Uso e o Manejo. Capítulo 1. In Cerrado Correção do Solo e Adubação; EMBRAPA Cerrados: Brasília, Brazil, 2004; pp. 29–62. Available online: https://urlfr.ee/78vs9 (accessed on 2 February 2023). (In Portuguese)

	



Gao, L.; Li, W.; Ashraf, U.; Lu, W.; Li, Y.; Li, C.; Li, G.; Li, G.; Hu, J. Nitrogen Fertilizer Management and Maize Straw Return Modulate Yield and Nitrogen Balance in Sweet Corn. Agronomy 2020, 10, 362. [Google Scholar] [CrossRef]

	



Costa, A.B.G.; Difante, G.S.; Campelo, B.A.M.; Gurgel, A.L.C.; Costa, C.M.; Theodoro, G.F.; Silva, A.T.A.; Emerenciano Neto, J.V.; Dias, A.M.; Fernandes, P.B. Morphogenetic, structural and production traits of marandu grass under nitrogen rates in Neo soil. Arq. Bras. Med. Vet. Zootec. 2021, 73, 658–664. [Google Scholar] [CrossRef]

	



Almeida, E.M.; Montagner, D.B.; Difante, G.S.; Araújo, A.R.; Santana, J.C.S.; Gurgel, A.L.C.; Scariot, C. Growth dynamics and nutrient uptake of panicum maximum under nitrogen fertilisation. New Zealand J. Agric. Res. 2022, 66, 244–258. [Google Scholar] [CrossRef]

	



Euclides, V.P.B.; Montagner, D.B.; Araujo, A.R.; Pereira, M.A.; Difante, G.S.; Araújo, I.M.M.; Barbosa, L.F.; Barbosa, R.A.; Gurgel, A.L.C. Biological and economic responses to increasing nitrogen rates in Mombaça guinea grass pastures. Sci. Rep. 2022, 12, 1937. [Google Scholar] [CrossRef]

	



Raza, S.; Farmaha, B.S. Contrasting corn yield responses to nitrogen fertilization in southeast coastal plain soils. Fron. Environ. Sci. 2022, 10, 955142. [Google Scholar] [CrossRef]

	



Li, S.; Wu, J.; Wang, X.; Ma, L. Economic and environmental sustainability of maize-wheat rotation production when substituting mineral fertilizers with manure in the North China Plain. J. Clean Prod. 2020, 271, 122683. [Google Scholar] [CrossRef]

	



Chen, H.; Levavasseur, F.; Montenach, D.; Lollier, M.; Morel, C.; Houot, S. An 18-year field experiment to assess how various types of organic waste used at European regulatory rates sustain crop yields and C, N, P, and K dynamics in a French calcareous soil. Soil Tillage Res. 2022, 221, 105415. [Google Scholar] [CrossRef]

	



Costa, K.A.P.; Faquin, V.; Oliveira, I.P.; Rodrigues, C.; Severiano, E.C. Doses e fontes de nitrogênio em pastagem de capimmarandu. I—Alterações nas características químicas do solo. Rev. Bras. Cienc. Solo. 2008, 32, 1591–1599. [Google Scholar] [CrossRef]

	



Caires, E.F.; Milla, R. Adubação nitrogenada em cobertura para o cultivo de milho com alto potencial produtivo em sistema de plantio direto de longa duração. Bragantia 2015, 75, 87–95. [Google Scholar]

	



Ditzler, L.; Van Apeldoorn, D.F.; Pellegrini, F.; Antichi, D.; Bàrberi, P.; Rossing, W.A. Current research on the ecosystem service potential of legume inclusive cropping systems in Europe. A review. Agron. Sustain. Dev. 2021, 41, 411–413. [Google Scholar] [CrossRef]

	



Paśmionka, I.B.; Bulski, K.; Boligłowa, E. The Participation of Microbiota in the Transformation of Nitrogen Compounds in the Soil—A Review. Agronomy 2021, 11, 977. [Google Scholar] [CrossRef]

	



Guimarães, I.N.; de Faria Theodoro, G.; Yamashita, N.B.; de Oliveira Golin, H.; Rezende, R.P. Influência dos cultivos de milho e guandu para produção de silagem na resistência do solo à penetração. Arch. Zootec. 2019, 68, 546–550. [Google Scholar] [CrossRef]

	



Gitti, D.C.; Arf, O.; Melero, M.; Rodrigues, R.A.F.; Tarsitano, M.A.A. Influence of nitrogen fertilization and green manure on the economic feasibility of no-tilled wheat in the Cerrado. Rev. Ceres. 2012, 59, 246–253. [Google Scholar] [CrossRef]

	



Pariz, C.M.; Costa, N.R.; Costa, C.; Crusciol, C.A.C.; Castilhos, A.M.; Meirelles, P.R.L.; Calonego, J.C.; Andreotti, M.; Souza, D.M.; Cruz, I.V.; et al. An innovative corn to silage-grass-legume intercropping system with oversown black oat and soybean to silage in succession for the improvement of nutrient cycling. Front. Sustain. Food Syst. 2020, 4, 544996. [Google Scholar] [CrossRef]

	



Ligoski, B.; Gonçalves, L.F.; Claudio, F.L.; Alves, E.M.; Krüger, A.M.; Bizzuti, B.E.; Lima, P.d.M.T.; Abdalla, A.L.; Paim, T.d.P. Silage of Intercropping Corn, Palisade Grass, and Pigeon Pea Increases Protein Content and Reduces In Vitro Methane Production. Agronomy 2020, 10, 1784. [Google Scholar] [CrossRef]

	



Da Silva, S.C.; Sbrissia, A.F.; Pereira, L.E.T. Ecophysiology of C4 Forage Grasses—Understanding Plant Growth for Optimising Their Use and Management. Agriculture 2015, 5, 598–625. [Google Scholar] [CrossRef]

	



Mekonnen, K.; Bezabih, M.; Thorne, P.; Gebreyes, M.G.; Hammond, J.; Adie, A. Feed and forage development in mixed crop–livestock systems of the Ethiopian highlands: Africa RISING project research experience. Agron. J. 2022, 114, 46–62. [Google Scholar] [CrossRef]

	



Leal, V.N.; Santos, D.C.; Paim, T.d.P.; Santos, L.P.d.; Alves, E.M.; Claudio, F.L.; Calgaro Júnior, G.; Fernandes, P.B.; Salviano, P.A.P. Economic Results of Forage Species Choice in Crop-Livestock Integrated Systems. Agriculture 2023, 13, 637. [Google Scholar] [CrossRef]

	



Euclides, V.P.B.; Montagner, D.B.; Barbosa, R.A.; Valle, C.B.D.; Nantes, N.N. Animal performance and sward characteristics of two cultivars of Brachiaria brizantha (BRS Paiaguás and BRS Piatã). R. Bra. Zootec. 2016, 45, 85–92. [Google Scholar] [CrossRef]

	



Köppen, W.; Geiger, R. Klimate der Erde. Gotha: Verlag Justus Perthes, Wall-Map 150cm×200cm. Am. J. Plant Sci. 1928, 8, 91–102. [Google Scholar]

	



Alvares, C.A.; Stape, J.L.; Sentelhas, P.C.; Gonçalves, J.D.M.; Sparovek, G. Köppen’s climate classification map for Brazil. Meteorol. Z. 2013, 22, 711–728. [Google Scholar] [CrossRef]

	



Santos, H.G.; Jacomine, P.K.T.; Anjos, L.H.C.; Oliveira, V.A.; Lumbreras, J.F.; Coelho, M.R.; Almeida, J.A.; Araujo Filho, J.C.; Oliveira, J.B.; Cunha, T.J.F. Brazilian System of Soil Classification, 5th ed.; EMBRAPA: Brasília, Brazil, 2018; pp. 1–356. [Google Scholar]

	



Donagema, G.K.; Campos, D.V.B.; de Calderano, S.B.; Teixeira, W.G.; Viana, J.H.M. Manual de Métodos de Análise de Solo; Empresa Brasileira de Pesquisa Agropecuária: Rio de Janeiro, Brazil, 2011; p. 230. [Google Scholar]

	



Analytical Chemistis—AOAC. Official Methods of Analysis, 15th ed.; AOAC: Arlington, TX, USA, 1990; p. 1117. [Google Scholar]

	



Mertens, D.R. Gravimetric determination of amylase-treated neutral detergent fiber in feeds with refluxing in beakers or crucibles: Collaborative study. J. AOAC Int. 2002, 85, 1217–1240. [Google Scholar] [PubMed]

	



Van Soest, P.; Robertson, J.; Lewis, B. Methods for Dietary Fiber, Neutral Detergent Fiber, and Nonstarch Polysaccharides in Relation to Animal Nutrition. J. Dairy Sci. 1991, 74, 3583–3597. [Google Scholar] [CrossRef] [PubMed]

	



Chandler, P. Energy prediction of feeds by forage testing explorer. Feedstuffs 1990, 62, 12. [Google Scholar]

	



Silva, J.M. Silagem de Forrageiras Tropicais. Embrapa Gado de Corte. 2001. Available online: https://urlfr.ee/97to4 (accessed on 18 March 2023). (In Portuguese).

	



Ferreira, E.B.; Cavalcanti, P.P.; Nogueira, D.A. ExpDes: Experimental Designs Package. R Package Version 1.2.2. 2021. Available online: https://CRAN.R-project.org/package=ExpDes (accessed on 10 January 2022).

	



Arnhold, E. Package in the R environment for analysis of variance and complementary analyses. Braz J. Vet. Res. Anim. Sci. 2013, 50, 488–492. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing. 2022. Available online: https://www.R-project.org/ (accessed on 10 January 2022).

	



Cardinale, B.J. Biodiversity Improves Water Quality through Niche Partitioning. Nature 2011, 472, 86–89. [Google Scholar] [CrossRef] [PubMed]

	



Lange, M.; Eisenhauer, N.; Sierra, C.A.; Engels, C.; Griffiths, R.I.; Mellado-Vázquez, P.G.; Malik, A.A.; Roy, J.; Scheu, S.; Steinbeiss, S.; et al. Plant Diversity Increases Soil Microbial Activity and Soil Carbon Storage. Nat. Commun. 2015, 6, 6707. [Google Scholar] [CrossRef]

	



Marafon, F.; Neumann, M.; Ribas, T.M.B.; Reinehr, L.L.; Poczynek, M.; Bueno, A.V.I.; Fianco, B. Análise do efeito da colheita da planta de milho em diferentes estádios reprodutivos e do processamento dos grãos sobre a qualidade da silagem. Semin. Ciênc. Agrár. 2015, 36, 3257–3268. [Google Scholar] [CrossRef]

	



Souza, W.F.; Costa, K.A.P.; Guarnieri, A.; Severiano, E.C.; Silva, J.T.; Teixeira, D.A.A.; Oliveira, S.S.; Dias, M.B.C. Production and quality of the silage of corn intercropped with Paiaguas palisadegrass in different forage systems and maturity stages. R. Bras. Zootec. 2019, 48, 1–16. [Google Scholar] [CrossRef]

	



Edson, C.; Takarwirwa, N.N.; Kuziwa, N.L.; Stella, N.; Maasdorp, B. Effect of mixed maize-legume silages on milk quality and quantity from lactating smallholder dairy cows. Trop. Anim. Health Prod. 2018, 50, 1255–1260. [Google Scholar] [CrossRef]

	



Garland, G.; Bünemann, E.K.; Oberson, A.; Frossard, E.; Six, J. Plant-mediated rhizospheric interactions in maize-pigeon pea intercropping enhance soil aggregation and organic phosphorus storage. Plant Soil. 2017, 415, 37–55. [Google Scholar] [CrossRef]

	



Rezende, P.R.; Rodrigues, L.M.; Backes, C.; Santos, A.J.M.; Fernandes, P.B.; Giongo, P.R.; Ribon, A.A.; Bessa, S.V. Productivity and nutrient extraction by Paiaguás palisadegrass submitted to doses of nitrogen in single cultivation and intercropped with pigeon pea. Arq. Bras. Med. Vet. Zootec. 2022, 74, 1151–1160. [Google Scholar] [CrossRef]

	



Carvalho, W.G.; Costa, K.A.P.; Epifanio, P.S.; Perim, R.C.; Teixeira, D.A.A.; Medeiros, L. Silage quality of corn and sorghum added with forage peanuts. Rev. Caatinga. 2016, 29, 465–472. [Google Scholar] [CrossRef]

	



Epifanio, P.S.; Costa, K.A.P.; Guarnieri, A.; Teixeira, D.A.A.; Oliveira, S.S.; Silva, V.R. Silage quality of Urochloa brizantha cultivars with levels of campo grande Stylosanthes. Acta Sci. Anim. Sci. 2016, 38, 135–142. [Google Scholar] [CrossRef]

	



Andrade, W.R.; Moura, M.M.A.; Rocha, V.R.; Costa, R.F.; Santos, L.H.T.; Silva, M.M.D. Quality of sorghum silage with leucaena. Acta Sci. Anim. Sci. 2019, 41, 1807–8672. [Google Scholar] [CrossRef]

	



Da Silva, V.P.; Pereira, O.G.; Da Silva, L.D.; Agarussi, M.C.N.; Valadares Filho, S.C.; Ribeiro, K.G. Stylosanthes silage as an alternative to reduce the protein concentrate in diets for finishing beef cattle. Livest. Sci. 2022, 258, 104873. [Google Scholar] [CrossRef]

	



Hawu, O.; Ravhuhali, K.E.; Mokoboki, H.K.; Lebopa, C.K.; Sipango, N. Sustainable Use of Legume Residues: Effect on Nutritive Value and Ensiling Characteristics of Maize Straw Silage. Sustainability 2022, 14, 6743. [Google Scholar] [CrossRef]

	



Paludo, F.; Costa, K.A.P.; Dias, M.B.C.; Santos, F.A.; Silva, A.C.G.; Rodrigues, L.G.; Souza, W.F.; Bilego, U.O.; Muniz, M.P. Fermentative profile and nutritive value of corn silage with Tamani guinea grass. Semin-Cienc. Agra. 2020, 41, 2733–2746. [Google Scholar] [CrossRef]

	



Teixeira, D.A.A.; Costa, K.A.P.; Dias, M.B.C.; Guimarães, K.C.; Epifanio, P.S.; Fernandes, P.B. Protein and carbohydrate fractionation of silages made from maize, Urochloa species and their mixtures. Trop. Grassl. 2022, 10, 134–142. [Google Scholar] [CrossRef]

	



Guzatti, G.C.; Duchini, P.G.; Sbrissia, A.F.; Ribeiro-Filho, H.M.N. Qualitative aspects and biomass production in oats and ryegrass pastures cultivated pure or intercropping and subjected to lenient grazing. Arq. Bras. Med. Vet. Zootec. 2015, 67, 1399–1407. [Google Scholar] [CrossRef]

	



Read, J.J.; Lang, D.J.; Aiken, G.E. Seasonal nitrogen effects on nutritive value in binary mixtures of tall fescue and bermudagrass. Grass Forage Sci. 2016, 72, 467–480. [Google Scholar] [CrossRef]

	



Galeano, E.S.J.; Fernandes, T.; Orrico Junior, M.A.P.; Alves, J.P.; Retore, M.; Orrico, A.C.A.; Machado, L.A.Z.; Vicente, E.F.; Cecon, G. Tamani grass-legume intercropping can improve productivity and composition of fodder destined to haylage or hay. Ciência Rural 2022, 52, e20210482. [Google Scholar] [CrossRef]

	



Zhao, S.; Zhou, S.; Zhao, Y.; Yang, J.; Lv, L.; Zheng, Z.; Lu, H.; Ren, Y. Comparative study of the nutritional value and degradation characteristics of amaranth hay in the rumen of goats at different growth stages. Animals 2023, 13, 25. [Google Scholar] [CrossRef] [PubMed]

	



Batista, K.; Duarte, A.P.; Ceccon, G.; Maria, I.C.D.; Cantarella, H. Acúmulo de matéria seca e de nutrientes em forrageiras consorciadas com milho safrinha em função da adubação nitrogenada. Pesqui. Agropecu. Bras. 2011, 46, 1154–1160. [Google Scholar] [CrossRef]

	



Santos, S.F.D.C.B.; Souza, H.A.; Araújo Neto, R.B.; Sagrilo, E.; Ferreira, A.C.M.; Carvalho, S.P.; Lucelia de Cássa Rodrigues, L.C.R.; Brito, L.F.C. Soil Microbiological Attributes and Soybean Grain Yield in Succession to Corn Intercropped with Forage in the Maranhão Eastern Cerrado. Inter. J. Plant Produc. 2021, 15, 669–677. [Google Scholar] [CrossRef]

	



Morais, D.B.; Felippe Ratke, R.; Bortolon, L.; Lacerda, J.J.J.; Edvan, R.L.; Zuffo, A.M.; Pacheco, L.P. Maize Intercropping Systems Improve Nutrient for the Cowpea Crop in Sandy Soils. Commun. Soil Sci. Plant Anal. 2020, 51, 491–502. [Google Scholar] [CrossRef]

	



Muniz, M.P.; Costa, K.A.P.; Severiano, E.C.; Bilego, U.O.; Almeida, D.P.; Furtini Neto, A.E.; Vilela, L.; Lana, M.A.; Leandro, W.M.; Dias, M.B.C. Soybean yield in integrated crop livestock system in comparison to soybean maize succession system. J. Agri. Scien. 2021, 159, 188–198. [Google Scholar] [CrossRef]

	



Gastal, F.; Lemaire, G. Defoliation, shoot plasticity, sward structure and herbage utilization in pasture: Review of the underlying ecophysiological processes. Agriculture 2015, 5, 1146–1171. [Google Scholar] [CrossRef]

	



Sbrissia, A.F.; Duchini, P.G.; Zanini, G.D.; Santos, G.T.; Padilha, D.A.; Schmitt, D. Defoliation strategies in pastures submitted to intermittent stocking method: Underlying mechanisms buffering forage accumulation over a range of grazing heights. Crop Sci. 2018, 58, 945–954. [Google Scholar] [CrossRef]

	



Martins, C.D.M.; Schmitt, D.; Duchini, P.G.; Miqueloto, T.; Sbrissia, A.F. Defoliation intensity and leaf area index recovery in defoliated swards: Implications for forage accumulation. Scien. Agri. 2020, 78, e20190095. [Google Scholar] [CrossRef]

	



Fernandes, P.B.; Barbosa, R.A.; De Oliveira, R.T.; De Oliveira, C.V.V.; Medeiros-Neto, C. Defoliation dynamics of Brachiaria brizantha pastures with distinct structural characteristics. Biosci. J. 2020, 36, 203–211. [Google Scholar] [CrossRef]

	



Dias, M.B.C.; Costa, K.A.P.; Severiano, E.C.; Bilego, U.O.; Vilela, L.; Souza, W.F.; Oliveira, I.O.; Silva, A.C.G. Cattle performance with Brachiaria and Panicum maximum forages in an integrated crop-livestock system. African J. Range Forage Sci. 2021, 39, 230–243. [Google Scholar] [CrossRef]

	



Dias, M.B.C.; Costa, K.A.P.; Severiano, E.C.; Bilego, U.O.; Almeida, D.P.; Brand, S.C.; Vilela, L.; Furtini Neto, A.E. Brachiaria and Panicum maximum in an integrated crop-livestock system and a second-crop maize system in succession with soybean. J. Agri. Sci. 2020, 158, 206–217. [Google Scholar] [CrossRef]

	



Euclides, V.P.B.; Macedo, M.C.M.; Valle, C.B.D.; Difante, G.D.S.; Barbosa, R.A.; Cacere, E.R. Valor nutritivo da forragem e produção animal em pastagens de Brachiaria brizantha. Pesqui. Agropecu. Bras. 2009, 44, 98–106. [Google Scholar] [CrossRef]

	



Rodrigues, J.G.; Difante, G.S.; Ítavo, L.C.V.; Pereira, M.G.; Gurgel, A.L.C.; Costa, A.B.G.; Véras, E.L.L.; Monteiro, G.O.A.; Dias, A.M.; Ítavo, C.C.B.F. Forage Accumulation and Nutritional Characteristics of Brachiaria Cultivars Grown in a Semi-arid Environment. Trop. Anim. Sci. J. 2023, 46, 85–96. [Google Scholar] [CrossRef]

	



Costa, R.R.G.F.; Costa, K.A.P.; Souza, W.F.; Epifanio, P.S.; Santos, C.B.; Silva, J.T.; Oliveira, S.S. Production and quality of silages pearl millet and paiaguas palisadegrass in monocropping and intercropping in different forage systems. Biosci. J. 2018, 34, 957–967. [Google Scholar] [CrossRef]

	



Cruvinel, W.S.; Costa, K.A.P.; Teixeira, D.A.A.; Silva, J.T.; Epifanio, P.S.; Costa, P.H.C.P.; Fernandes, P.B. Fermentation profile and nutritional value of sunflower silage with Urochloa brizantha cultivars in the off-season. RBSPA 2017, 18, 249–259. [Google Scholar] [CrossRef]

	



Pezzopane, C.G.; Santos, P.M.; Cruz, P.G.; Altoé, J.; Ribeiro, F.A.; Valle, C.B. Estresse por deficiência hídrica em genótipos de Brachiaria brizantha. Ciência Rural 2015, 45, 871–876. [Google Scholar] [CrossRef]

	



Euclides, V.B.P.; Carpejani, G.C.; Montagner, D.B.; Nascimento-Junior, D.; Barbosa, R.A.; Difante, G.S. Maintaining post-grazing sward height of Panicum maximum (cv. Mombaça) at 50 cm led to higher animal performance compared with post-grazing height of 30 cm. Grass Forage Scie. 2017, 73, 174–182. [Google Scholar] [CrossRef]








[image: Agriculture 13 01246 g001] 





Figure 1. Precipitation and temperature (maximum, minimum and average) from January to October 2015. 
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Figure 2. Experimental sketch of intercropping sowing time during the rainy season and grazing management during the dry season. PPPG: pigeon pea and Paiaguás palisadegrass intercropping; CPG: maize and Paiaguás palisadegrass intercropping; and CPPPG: maize, pigeon pea, and Paiaguás palisadegrass intercropping. Paddock numbers 1, 6, and 15 were allocated for the PPPG treatment; paddock numbers 3, 4, and 14 were designated for the CPG treatment; and paddock numbers 2, 5, and 13 were dedicated to the CPPPG treatment. 
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Table 1. Chemical compositions of forage sources before ensilage.
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Forage Sources




	
Component

	
Pigeon Pea

	
Maize

	
Paiaguás Palisadegrass






	
PPPG (%, FM)

	
41.35

	
-

	
58.65




	
CPG (%, FM)

	
-

	
83.09

	
16.91




	
CPPPG (%, FM)

	
3.33

	
89.87

	
6.80




	
DM (g kg−1)

	
343.31

	
337.64

	
302.18




	
Ash (g kg−1 DM)

	
47.03

	
29.91

	
66.17




	
CP (g kg−1 DM)

	
151.92

	
46.80

	
70.02




	
NDF (g kg−1 DM)

	
741.85

	
763.53

	
737.76




	
ADF (g kg−1 DM)

	
592.52

	
358.76

	
448.67




	
LIG (g kg−1 DM)

	
218.72

	
51.98

	
63.00




	
TDN (g kg−1 DM)

	
547.54

	
532.80

	
550.33








PPPG: pigeon pea and Paiaguás palisadegrass intercropping; CPG: maize and Paiaguás palisadegrass intercropping; and CPPPG: maize, pigeon pea and Paiaguás palisadegrass intercropping. DM: dry matter; Ash: ash content; CP: crude protein; NDF: neutral detergent fibre; ADF: acid detergent fibre; LIG: lignin; and TDN: total digestible nutrients.













 





Table 2. Chemical composition of silage from different intercropping systems of pigeon pea, maize. and Paiaguás palisadegrass.
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Intercropping Treatments

	

	




	
Component

	
PPPG

	
CPG

	
CPPPG

	
MSE

	
p-Value






	
FM (Mg ha−1)

	
2.25 b

	
9.03 a

	
7.78 a

	
0.618

	
<0.001




	
DM (g kg−1)

	
276.75 b

	
352.44 a

	
322.63 a

	
10.32

	
0.008




	
Ash (g kg−1 DM)

	
59.08 a

	
32.39 b

	
34.20 b

	
3.30

	
<0.001




	
CP (g kg−1 DM)

	
75.28 a

	
57.66 b

	
52.53 b

	
3.96

	
0.036




	
NDF (g kg−1 DM)

	
767.15 a

	
741.13 a

	
641.01 b

	
22.18

	
0.038




	
ADF (g kg−1 DM)

	
535.85 a

	
340.98 b

	
359.20 b

	
22.97

	
<0.001




	
LIG (g kg−1 DM)

	
136.71 a

	
46.08 b

	
60.83 b

	
11.81

	
<0.001




	
TDN (g kg−1 DM)

	
530.33 b

	
548.02 b

	
616.11 a

	
15.08

	
0.038








PPPG: pigeon pea and Paiaguás palisadegrass intercropping; CPG: maize and Paiaguás palisadegrass intercropping; and CPPPG: maize, pigeon pea and Paiaguás palisadegrass intercropping. DM: dry matter; Ash: ash content; CP: crude protein; NDF: neutral detergent fibre; ADF: acid detergent fibre; LIG: lignin; and TDN: total digestible nutrients. Means followed by a lowercase letter in the same row differ in the Scott-Knott test (p < 0.05). MSE: mean standard error.













 





Table 3. Maize grain yield in different intercropping systems of pigeon pea, maize. and Paiaguás palisadegrass.
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Intercropping

	
Yield (Mg ha−1)

	
MSE

	
p-Value






	
CPG

	
5.52 A

	
0.502

	
0.148




	
CPPPG

	
4.05 A








CPG: maize and Paiaguás palisadegrass intercropping; and CPPPG: maize, pigeon pea and Paiaguás palisadegrass intercropping. Means followed by a different uppercase letter in the same column differ in the Scott-Knott test (p < 0.05). MSE: mean standard error.













 





Table 4. CH, FM and CP concentration during the dry season of three different intercropping systems of pigeon pea, maize. and Paiaguás palisadegrass.
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Intercropping

	
Number of Days of Grazing (Days)

	

	
p-Value




	
Variable

	
PPPG

	
CPG

	
CPPPG

	
0

	
28

	
56

	
84

	
112

	
MSE

	
I

	
D

	
I × D






	
CH

(cm)

	
52.83 a

	
31.24 b

	
34.12 b

	
40.94 b

	
37.82 b

	
59.56 a

	
34.30 b

	
24.36 b

	
2.70

	
0.006

	
<0.001

	
0.113




	
FM

(Mg ha−1)

	
4.08 a

	
3.11 a

	
3.99 a

	
4.37 b

	
6.67 a

	
2.52 c

	
2.48 c

	
2.61 c

	
0.365

	
0.446

	
<0.001

	
0.151




	
CP

(g kg−1 DM)

	
39.10 a

	
41.57 a

	
43.43 a

	
53.39 a

	
33.20 b

	
48.80 a

	
45.41 a

	
26.03 b

	
2.24

	
0.590

	
<0.001

	
0.136








PPPG: pigeon pea and Paiaguás palisadegrass intercropping; CPG: maize and Paiaguás palisadegrass intercropping; and CPPPG: maize, pigeon pea and Paiaguás palisadegrass intercropping. CH: canopy height; FM: forage mass; and CP: crude protein. Means followed by a lowercase letter in the same row differ in the Scott-Knott test (p < 0.05). MSE: mean standard error. I: intercropping treatment effect; and D: number of days of grazing.













 





Table 5. Chemical composition of forage during the dry season from three different intercropping systems of pigeon pea, maize. and Paiaguás palisadegrass.
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Number of Grazing Days (Days)

	
Intercropping

	

	
p-Value




	
PPPG

	
CPG

	
CPPPG

	
MSE

	
I

	
D

	
I × D






	
Ash (g kg−1 DM)




	
0

	
50.04 Aa

	
53.36 Aa

	
30.42Bb

	
2.15

	
0.786

	
<0.001

	
0.005




	
28

	
52.45 Aa

	
65.48 Aa

	
76.24Aa




	
56

	
59.32 Aa

	
66.24 Aa

	
59.74Aa




	
84

	
63.32 Aa

	
53.83 Aa

	
63.36Aa




	
112

	
57.35 Aa

	
47.18 Aa

	
36.87Ba




	
NDF (g kg−1 DM)




	
0

	
813.90 Ba

	
794.81 Ba

	
799.43 Ba

	
5.22

	
0.169

	
0.003

	
<0.001




	
28

	
858.54 Aa

	
785.79 Bb

	
811.61 Bb




	
56

	
792.46 Ba

	
785.10 Ba

	
804.56 Ba




	
84

	
828.79 Aa

	
840.64 Aa

	
832.50 Ba




	
112

	
845.43 Ab

	
860.60 Ab

	
894.78Aa




	
ADF (g kg−1 DM)




	
0

	
563.17 Aa

	
557.35 Aa

	
554.40 Ba

	
7.79

	
0.818

	
0.227

	
0.022




	
28

	
607.88 Aa

	
517.26 Ab

	
536.76 Bb




	
56

	
552.17 Aa

	
524.79 Aa

	
551.56 Ba




	
84

	
561.42 Aa

	
562.77 Aa

	
550.11 Ba




	
112

	
510.16 Aa

	
621.71 Aa

	
643.98 Aa




	
LIG (g kg−1 DM)




	
0

	
122.75 Aa

	
127.64 Aa

	
153.37 Aa

	
3.48

	
0.286

	
<0.001

	
0.010




	
28

	
132.07 Aa

	
87.30 Bb

	
94.14 Bb




	
56

	
110.85 Aa

	
92.45 Ba

	
99.10 Ba




	
84

	
104.27 Aa

	
100.47 Ba

	
99.41 Ba




	
112

	
114.78 Aa

	
128.99 Aa

	
144.11 Aa




	
TDN (g kg−1 DM)




	
0

	
498.54 Aa

	
511.52 Aa

	
508.38 Aa

	
3.55

	
0.169

	
<0.001

	
0.003




	
28

	
468.19 Bb

	
517.66 Aa

	
500.10 Aa




	
56

	
513.12 Aa

	
518.13 Aa

	
504.89 Aa




	
84

	
488.41 Ba

	
480.36 Ba

	
485.89 Aa




	
112

	
477.10 Ba

	
466.79 Ba

	
443.54 Bb








PPPG: pigeon pea and Paiaguás palisadegrass intercropping; CPG: maize and Paiaguás palisadegrass intercropping; and CPPPG: maize, pigeon pea and Paiaguás palisadegrass intercropping. Ash: ash content; NDF: neutral detergent fibre; ADF: acid detergent fibre; LIG: lignin; and TDN: total digestible nutrients. I: intercropping; and D: number of days of grazing. Means followed by a lowercase letter in the same row and uppercase in the column differ in the Scott-Knott test (p < 0.05). MSE: mean standard error.
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