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					1 RESUMO  

					As características hidráulicas do solo possuem papel de grande relevância no desenvolvimento  

					das plantas pois atuam no armazenamento e transporte de água. O presente estudo teve como  

					objetivo utilizar adubos verdes na reforma do canavial, avaliando a influência do cultivo da  

					crotalária e do feijão guandu em rotação com o sorgo sacarino e cana-de-açúcar na infiltração  

					de água e na resistência à penetração do solo. As equações de infiltração, seguindo o modelo  

					de Kostiakov, foram determinadas a partir dos dados resultantes do teste com infiltrômetro de  

					anel concêntrico, realizado após o primeiro corte da cana, em uma área experimental na cidade  

					de Cabrália Paulista, SP, Brasil, já a resistência a penetração foi mensurada usando o  

					penetrômeto. As rotações com adubos verdes propiciaram aumento da velocidade de infiltração  

					básica (VIB) e redução da resistência à penetração. A crotalária destacou-se em todas as  

					variáveis estudadas, resultando em um aumento estatisticamente significativo de 200% na VIB  

					do solo e uma redução significativa de 15% na resistência a penetração. O feijão guandu  

					também promoveu melhoras nas condições do solo, entretanto essas foram menos expressivas.  

					Desta forma, pode-se afirmar que o uso da crotalária e do feijão guandu resultam na melhoria  

					das características físicas do solo.  

					Palavras-chave: Crotalária ochroleuca, velocidade de infiltração básica, Kostiakov, rotação  

					de culturas, Sorghum bicolor L. Moench, Saccharum officinarum.  
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					Influência da adubação...  

					FERNEDA, M.; FURLAN, F. E.; QUALHARELLO, T.; PUTTI, F. F.; COSTA, G. H.  

					G.; URIBE, R. M.  

					INFLUENCE OF GREEN MANURE ON WATER INFILTRATION AND  

					RESISTANCE TO SOIL PENETRATION UNDER ROTATIONAL CULTURE WITH  

					SUGARCANE AND SWEET SORGHUM  

					2 ABSTRACT  

					The hydraulic characteristics of the soil play a very important role in the development of plants,  

					as they act in the storage and transport of water. The objective of the present study was to use  

					green manures in sugarcane plantation reform, evaluating the effects of crotalaria and guandu  

					bean in rotation with sweet sorghum and sugarcane on water infiltration and resistance to soil  

					penetration. The infiltration equations, following the Kostiakov model, were determined from  

					the data resulting from the test with a concentric ring infiltrometer, carried out after the first  

					sugarcane cut, in an experimental area in the city of Cabrália Paulista, SP, Brazil, penetration  

					resistance was measured using the penetrometer. The rotations with green manures provided an  

					increase in the basic infiltration velocity (BIV) and a reduction in penetration resistance.  

					Crotalaria stood out in all studied variables, resulting in a statistically significant increase of  

					200% in soil BIV and a significant reduction of 15% in penetration resistance. Guandu bean  

					also promoted improvements in soil conditions, however these were less expressive. In this  

					way, it can be stated that the use of crotalaria and guandu bean results in the improvement of  

					the physical characteristics of the soil.  

					Keywords: Crotalária ochraleuca, basic infiltration rate, kostiakov, crop rotation, Sorghum  

					bicolor L. Moench, Saccharum officinarum.  

					3 INTRODUCTION  

					water use efficiency, as it affects the  

					dynamics of water in the soil  

					(EBRAHIMIAN et al., 2020; SILVA et al.,  

					2017).  

					The basic infiltration rate (BIR) is an  

					extremely important factor in the size of  

					irrigation projects and can be determined via  

					several methods, among which the  

					concentric ring method stands out  

					(WICKRAMAARACHCHI;  

					Water is essential for living beings  

					and has several functions, such as nutrient  

					transport, temperature buffering, solvent,  

					etc. (AUNG; JIANG; HE, 2017). Plants  

					essentially need soil to supply water and  

					nutrients; thus, to maintain effective  

					development, maintaining the quality and  

					reserves of water accessible to the roots is  

					necessary (EHLERS; GOSS, 2016).  

					VENUKANAN;  

					DILUCKSHANARAJ,  

					Infiltration, which is considered the  

					2018). The concentric ring method consists  

					of a ring inserted in the soil that receives a  

					hydraulic load, and the infiltration rate is  

					measured over time until it becomes  

					constant (NETTO et al., 2013).  

					process of water entry into the soil, is one of  

					the central points for promoting water  

					accessibility to plants. Furthermore, it can  

					help control surface runoff and erosion  

					(LOURENCETTI; GOMES; BRANCO,  

					2020). The infiltration rate is highly relevant  

					in the planning of irrigation systems and  

					directly affects process performance and  

					Sugarcane is highly important to the  

					Brazilian economy, being, among other  

					things, a raw material for the production of  

					sugar, ethanol, and electricity. It is  
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					considered an extractive crop, with 90.8% of  

					harvests being carried out mechanically  

					(SUGAR CANE, 2023), with high  

					machinery traffic, resulting in physical  

					changes to the soil. Thus, it can alter soil  

					compaction, which decreases soil porosity  

					and increases its apparent density, implying  

					a reduction in water infiltration into the soil  

					having deep, well-developed roots that  

					create porous channels in the soil, aiding in  

					decompaction and increasing infiltration (P  

					ACHECO et al., 2015).  

					Owing to the great importance of  

					water for plant development and the scarcity  

					of studies related to the increase in water  

					infiltration into the soil through the use of  

					green manures, this study aimed to use  

					Crotalaria and pigeon pea in the reform of  

					sugarcane fields and to analyze their ability  

					to alter the speed of water infiltration into the  

					soil and their resistance to soil penetration.  

					(CHEN;  

					WEIL,  

					HILL,  

					2014;  

					MOSSADEGHI-BJ ÖRKLUND et al., 2019;  

					WANG et al., 2015).  

					One of the most widely used indicators to  

					assess soil physical conditions is penetration  

					resistance (PR). This method can determine  

					the degree of compaction, which describes  

					the physical resistance exerted by the soil on  

					the roots and is highly correlated with plant  

					development (LABEGALINI et al., 2016;  

					OLIVEIRA FILHO et al., 2015). It can be a  

					great ally in analyzing the effects of adopted  

					management systems (VALADÃO et al.,  

					2015). PR is highly dependent on soil  

					texture, structure, and mineralogy, and its  

					increase is a result of the intense use of  

					agricultural machinery and implements  

					(LIMA; LÉON; SILVA, 2013).  

					4 MATERIALS AND METHODS  

					The experiment was carried out in  

					the experimental area of the “Astor de  

					Mattos Carvalho” Technical School, located  

					in the municipality of Cabrália Paulista, SP,  

					Brazil, at an altitude of 600 m, latitude of  

					22°28'47.0” S and longitude of 49°19'08.1”  

					W. The soil in the area is classified  

					according to the SIBCS as Dystrophic  

					Yellow Latosol, and the climate  

					classification of the site is Cwa according to  

					the Köppen classification: humid temperate  

					climate with dry winters and hot summers  

					and a productive environment for sugarcane  

					“D”: with medium/low production potential.  

					The area used for the study had a history of  

					sugarcane cultivation for six years.  

					Owing to the need to increase  

					productivity and because sugarcane  

					cultivation has a period of inactivity called  

					sugarcane reform, some crops can be  

					associated with it, such as sweet sorghum  

					(Sorghum bicolor L. Moench) (GOMES;  

					BAJAY, 2017; MAY et al., 2013).  

					Sweet sorghum is one of the raw  

					In the spring, sunn hemp (Crotalaria  

					materials for the production of ethanol  

					through the fermentation of sugars present in  

					its stalks, presenting wide adaptability to  

					different climate and soil conditions, being  

					indicated as an alternative for shortening the  

					off-season, thus increasing productivity in  

					liters of ethanol per hectare (EMYDIO,  

					2010).  

					ochraleuca) and pigeon pea (Cajanus cajan)  

					broadcast at a seed rate of 20 kg ha -1. The  

					green manure was harvested 120 days after  

					sowing (DAS). Subsequently, Nexsteppe®  

					Malibu 1001 hybrid sweet sorghum was  

					sown with a simple row spacing of 0.5 m and  

					6 to 7 seeds per linear meter, aiming to  

					-1  

					obtain a final stand of 120,000 plants ha .  

					Green  

					manuring  

					involves  

					Harvesting was carried out manually in early  

					autumn 110 days after sowing (DAS). The  

					sugarcane cultivar RB 867515 was planted  

					in the spring of the second year of the  

					incorporating plants into the soil to improve  

					its properties and promote nutrient recycling  

					more sustainably. Crops that can be used  

					include sunn hemp and pigeon pea, two  

					legumes with the important characteristic of  

					experiment  

					preparation.  

					after  

					conventional  

					soil  
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					Influência da adubação...  

					The experimental design used was  

					that of subdivided plots, with different  

					rotation situations (treatments):  

					•

					pigeon pea;  

					•

					sweet sorghum in rotation with pigeon pea.  

					Four replicates were adopted for  

					each treatment in a 3x2 factorial scheme,  

					with factor A: three rotation situations: with  

					crotalaria, without green manure and with  

					pigeon pea; and factor B: two situations:  

					without sweet sorghum and with sweet  

					sorghum, as illustrated in Figure 1.  

					T5: sugarcane planted over  

					T6: sugarcane planted on  

					•

					Crotalaria;  

					•

					T1: sugarcane planted over  

					T2: sugarcane planted on  

					sweet sorghum in rotation with Crotalaria;  

					•

					•

					T3: sugarcane;  

					T4: sugarcane planted on  

					sweet sorghum;  

					Figure 1 Experimental delimitation  

					Source: The authors.  

					Infiltration was determined after the  

					first sugarcane cut, with the unsaturated soil,  

					via a ring infiltrometer via a methodology  

					adapted from Brandão et al. (2012). Unlike  

					the aforementioned author, a flat pit  

					measuring approximately 50 cm in diameter  

					and 10 cm in height was created, and a ring  

					measuring 30 cm in height and 24.2 cm in  

					internal diameter was used. A pit was  

					created to prevent lateral infiltration of fluid  

					from within the ring (Figure 2). The  

					cylinders were inserted at a depth of 10 cm,  

					and the water depth in the ring was  

					maintained at a height that varied between 8  

					and 10 cm.  
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					Figure 2. Section of the front view representation in the experiment with a ring infiltrometer  

					Source: The authors.  

					The water in the ring was replaced  

					whenever the water depth reached its  

					minimum limit (8 cm). Readings of the  

					infiltrated depth were taken at 5-minute  

					intervals for the first thirty minutes of the  

					test, then at 10-minute intervals for the next  

					hour, and finally at 15-minute intervals until  

					constant values were reached over time, and  

					a total test time of at least 2.5 hours was  

					completed.  

					The basic infiltration rate was  

					subsequently determined from the test data,  

					and the infiltration equation was generated  

					according to the Kostiakov model (FOK,  

					1986):  

					a distance sensor (ultrasound) that measures  

					the distance between the device and a metal  

					plate placed in the soil. Six replicates were  

					performed at the end of the sugarcane cycle  

					in each of the twenty-four plots, totaling 144  

					readings.  

					The results were subjected to  

					statistical analysis via Tukey's test at the 5%  

					probability level to determine whether the  

					differences between the results could be  

					considered statistically significant. Analysis  

					of variance (F test) was also applied, both  

					with Minitab® software.  

					5 RESULTS AND DISCUSSION  

					I = k * t n  

					(1)  

					The data presented in Figure 3 and  

					Table 1 indicate that the interaction between  

					the proposed crop rotations significantly  

					influenced the basic infiltration rate (VIB)  

					values. The sunn hemp without sweet  

					sorghum combination resulted in the highest  

					where "I" is the accumulated  

					infiltration; "t" is the test time; and "k" and  

					"n" are parameters related to the soil type. In  

					addition, the infiltration rate equation (eq. 2)  

					was determined for each treatment.  

					-1  

					VIB rate (49.10 mm h ), followed by the  

					VI = n * k * t n-1  

					(2)  

					sunn hemp with sweet sorghum combination  

					-1  

					(37.19 mm h ) and the pigeon pea without  

					To determine the mechanical  

					resistance to penetration, a penetrometer was  

					used. Falker®, Penetrolog PLG 1020 model  

					with a 20.27 mm diameter tip and a 323 mm2  

					projection area. The instrument measures the  

					pressure (kPa) required to insert the tip into  

					the soil and relates it to the profile depth via  

					sweet sorghum (30.69 mm h -1). Finally, the  

					combinations without green manures—  

					without sweet sorghum—and without green  

					manures—with sweet sorghum and pigeon  

					pea—with sweet sorghum presented values  

					-1  

					of 15.30, 15.48 and 17.17 mm h  

					respectively.  

					,
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					Influência da adubação...  

					Figure 3. Average basic infiltration rate (BIR) with respective confidence intervals for  

					combinations of green manure and sweet sorghum  

					Green manures: 1- crotalaria; 2- without green manure; 3- pigeon pea. Sweet sorghum: 1- without sweet sorghum;  

					2- with sweet sorghum  

					Source: The authors.  

					Table 1BIR values in soils cultivated with sugarcane under different rotation conditions  

					Treatment  

					Green Manure  

					Levels  

					Sweet Sorghum  

					Levels  

					VIB (mm h -1 )  

					T1  

					T2  

					T3  

					T4  

					T5  

					T6  

					Crotalaria  

					Crotalaria  

					No green manures  

					No green manures  

					Pigeon pea  

					Pigeon pea  

					F Test (Interaction)  

					CV %  

					No sweet sorghum  

					With sweet sorghum  

					No sweet sorghum  

					With sweet sorghum  

					No sweet sorghum  

					With sweet sorghum  

					49.10 A  

					37.19 B  

					15:30 D  

					15.48 D  

					30.69 C  

					17.17 D  

					16.69**  

					9.81  

					Different letters indicate significant differences according to Tukey's test (5%). **significant at the 1% probability  

					level. CV – Coefficient of variation.  

					Source: The authors.  

					The rotation with sunn hemp without  

					sweet sorghum (T1) resulted in the highest  

					VIB rates (Table 1), with the VIB rates in  

					this treatment being 220% higher than those  

					in the treatment where only sugarcane was  

					cultivated (T3). The influence of sweet  

					sorghum was also noted, with VIB  

					decreasing in some cases (T1 compared with  

					T2 and T5 compared with T6). In the  

					treatments where there was no rotation with  

					green manures, the presence of sweet  

					sorghum did not significantly differ.  

					composition, and cover cropping. A study by  

					Pereira et al. (2019) in vegetative  

					regeneration areas reported VIB values  

					1

					-1  

					ranging from 29.6 cm h-- to 47.8 cm h ,  

					demonstrating that the clay percentage and  

					soil density significantly influence water  

					infiltration parameters. In terms of the  

					improvement in VIB rates due to the use of  

					cover crops, Viana et al. (2015) reported  

					values of 36.3 cm h -1 and 23.4 cm h -1 for  

					soils with no-tillage and conventional tillage  

					systems, respectively.  

					The infiltration rate is affected by a  

					The positive impact of green manure  

					variety of factors, such as bulk density, soil  

					is a result of its ability to improve soil  
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					physical,  

					chemical,  

					and  

					biological  

					throughout the test (SANTI et al., 2012;  

					ZWIRTES et al., 2013). However, for the  

					objectives proposed in this research, the VIB  

					value is used to classify which of the  

					treatments has the highest speed compared  

					to the others, thus inferring the benefits of  

					rotations with green manures.  

					properties, such as density, structure,  

					nitrogen fixation, moisture retention, and  

					organic matter content. Sunn hemp, with its  

					deep and well-developed roots, primarily  

					improves the soil structure, reduces  

					penetration resistance, increases the  

					infiltration rate and soil water storage  

					capacity, and protects against erosion (DAS  

					et al., 2020; MARSHALL et al., 2016;  

					ZACCHEO et al., 2016).  

					Figure 4 presents the infiltration rate,  

					infiltration equation, and infiltration rate  

					equation data found throughout the  

					experiment. In all the treatments, the initial  

					water movement occurred more easily and  

					quickly under the gravitational effect and  

					unsaturated soil conditions. Oliveira, Silva  

					and Melo (2020) reported that sandy soils  

					also have a smaller contact surface area,  

					lower initial retention, and consequently  

					greater ease in redistributing water within  

					the soil layers.  

					Sunn hemp was not only responsible  

					for the highest rates of VIB (Figure 3) but  

					also provided high rates even in rotation with  

					sweet sorghum, a crop that receives several  

					cultural treatments (sowing, fertilization,  

					application of pesticides, among others),  

					generating a greater flow of traffic in the  

					area, which could cause physical changes to  

					the soil (CHEN; WEIL, HILL, 2014;  

					WANG et al., 2015). In contrast, treatment  

					with pigeon pea was not significantly  

					different from treatment with sweet  

					sorghum. Santos et al. (2016) also reported  

					good results with the cultivation of  

					Crotalaria as a cover crop for sweet corn,  

					Notably, the infiltration process  

					occurs slowly, always starting at a very high  

					rate that decreases over time and becomes  

					constant. The decrease in rate is also due to  

					the action of the gravitational pressure  

					gradient, which decreases over time and  

					becomes stable, also stabilizing the  

					infiltration rate, approaching hydraulic  

					conductivity (Shahidian et al., 2017). This  

					condition is very important because when  

					the soil is saturated, it is not possible to  

					maintain an infiltration rate greater than or  

					equal to the rainfall intensity (irrigation),  

					thus exceeding hydraulic conductivity and  

					consequently generating surface runoff  

					(Wang et al.). , 2015). There was a faster  

					decrease in the infiltration rate over time in  

					the treatments without the green manure  

					rotation (Figures 4C and 4D), and the  

					infiltration rate was greater than that in the  

					previous two situations for the treatments in  

					rotation with pigeon pea.  

					-1  

					obtaining a VIB of 123 mm h , which is  

					considered very high.  

					High or very high infiltration rates  

					reduce the possibility of surface runoff and,  

					consequently, water erosion. They can also  

					increase water storage capacities when  

					associated with layers that retain this  

					moisture. However, they can lead to the  

					leaching of nitrates and other ions (COSTA  

					et al., 2018).  

					However, it is necessary to consider  

					that, despite being consistent with other  

					forms of evaluation, the method used  

					overestimates the VIB values, which can be  

					explained by the presence of the water load  

					Figure 4. Infiltration rate (I) in soils cultivated with sugarcane under different rotation  

					conditions  
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					Influência da adubação...  

					T1: sugarcane planted on sunn hemp; T2: sugarcane planted on sweet sorghum in rotation with sunn hemp; T3:  

					sugarcane; T4: sugarcane planted on sweet sorghum; T5: sugarcane planted on pigeon pea; T6: sugarcane planted  

					on sweet sorghum in rotation with pigeon pea.  

					Source: The authors.  

					With respect to the penetration  

					resistance (PR) test, Table 2 shows  

					significant differences between the pressures  

					required to penetrate the soil in plots with  
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					green manures (sunn hemp and pigeon pea)  

					and those required without, indicating that  

					these green manures have the ability to  

					improve the physical structure of the soil.  

					Some studies indicate that when associated  

					with other strategies, such as mechanical  

					scarification, the implementation of green  

					manures can become more efficient (POTT  

					et al., 2019; SILVEIRA JUNIOR et al.,  

					2012).  

					Table 2. Average values obtained for penetration pressure and depth of maximum pressure in  

					plots planted with sugarcane in different rotation situations, Cabrália Paulista – SP,  

					2017 Harvest  

					Green Manures (A)  

					Crotalaria  

					No green manures  

					Pigeon pea  

					DMS  

					Pressure (kPa)  

					3742.24 B  

					4318.71 A  

					3889.25 B  

					385.26  

					Max. pressure depth (cm)  

					40.21 A  

					36.00 B  

					38.58 AB  

					3.22  

					F Test  

					13.71**  

					4.87**  

					Sweet Sorghum (B)  

					With  

					4040.32 A  

					4020.63 A  

					308.36  

					38.36 A  

					38.16 A  

					2.20  

					Without  

					DMS  

					F Test  

					CV%  

					0.02 ns  

					23.17  

					0.03 ns  

					17.41  

					Inter AxB  

					0.04 ns  

					2.60 ns  

					Different letters indicate significant differences according to Tukey's test (5%). **significant at the 1% probability  

					level. LSD – least significant deviation. CV – Coefficient of variation  

					Source: The authors.  

					In terms of the depth of maximum  

					pressure, the plots with green manures  

					presented greater depth values than did the  

					plots without green manures (Table 2). The  

					effective depth of a plant's root system is the  

					depth where 80% of its root system is  

					the green manure and sweet sorghum  

					factors.  

					The implanted green manures have  

					deep roots with many branches and  

					capillaries, reducing penetration resistance,  

					increasing VIB, and, consequently,  

					improving the hydraulic condition of water  

					incorporation into the soil. Pacheco et al.  

					(2015) highlighted the high root volume and  

					large amount of dry matter in Crotalaria  

					roots, indicating the potential to improve the  

					physical characteristics of the soil, such as  

					increasing porosity and improving its  

					hydraulic capacity.  

					located  

					(BERNARDO;  

					SOARES;  

					MANTOVANI, 2008). Souza et al. (2013)  

					reported the effective depth for the  

					sugarcane cultivar SP-903414 in the first 40  

					cm for the nonirrigated treatment (rainfed) in  

					Piracicaba, SP. Thus, the rotation with green  

					manures and, in this study, mainly with  

					Crotalaria, can provide a range of slightly  

					compacted soil that includes the range of the  

					effective depth of the root system of the  

					sugarcane crop, as evidenced by the lower  

					pressure values and the greater depth of  

					maximum pressure . There were no  

					significant differences due to the use of  

					sweet sorghum or the interaction between  

					6 CONCLUSIONS  
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					Crop rotation with green manures  

					can significantly improve soil hydraulic  

					characteristics. Sunn hemp, in particular,  

					presented high VIB rates, low penetration  

					resistance, and greater depths of maximum  

					penetration pressure, indicating that this  

					crop may be a promising strategy for  

					improving soil hydraulic characteristics.  

					These results are consistent with those of  

					previous studies demonstrating the ability of  

					green manures to improve the physical,  

					chemical, and biological properties of soil.  

					Continuing studies in this area is  

					CHEN, G.; WEIL, RR; HILL, RL Effects  

					of compaction and cover crops on soil least  

					limiting water range and air permeability.  

					Soil & Tillage Research , Amsterdam, v.  

					136, p. 61-69, 2014.  

					COSTA, CW; LORANDI, R.; LOLLO, JA;  

					SANTOS, VS Potential for aquifer  

					contamination of anthropogenic activity in  

					the recharge area of the Guarani Aquifer  

					System, southeast of Brazil, Groundwater  

					for Sustainable Development ,  

					essential to improve the understanding of the  

					interactions between crop rotations and soil  

					quality, with the aim of developing more  

					efficient agricultural practices.  

					Amsterdam, v. 8, p. 10-23, 2018. DOI:  

					https://doi.org/10.1016/j.gsd.2018.08.007.  

					Available at:  

					https://www.sciencedirect.com/science/artic  

					le/abs/pii/S2352801X18300274?via%3Dih  

					ub. Accessed on: August 18, 2022.  

					7 THANKS  

					DAS, K.; BISWAKARMA, N.; ZHIIPAO,  

					R.; KUMAR, A.; GHASAL, PC;  

					POONIYA, V. Significance and  

					Management of Green Manures. Soil  

					Health , Cham, v. 59, p. 197-217, 2020.  

					The National Council for Scientific  

					and Technological Development (CNPq)  

					financially supported the development of the  

					research through process 461638/2014-2.  

					EBRAHIMIAN, H.; GHAFFARI, P.;  

					GHAMESHLOU, AN; TABATABAEI, S.;  

					DIZAJ, AA Extensive comparison of  

					various infiltration estimation methods for  

					furrow irrigation under different field  

					conditions. Agricultural Water  

					Management , Amsterdam, v . 230, p. 1-  

					11, 2020. DOI:  

					8 REFERENCES  

					AUNG, K.; JIANG, Y.; HE, SY The role of  

					water in plant‒microbe interactions. The  

					Plant Journal , Oxford, v. 93, no. 4, p.  

					771-780, Dec. 2017.  

					BERNARDO, S.; SOARES, AA;  

					MANTOVANI, EC Irrigation Manual .  

					8th ed. Viçosa, MG: Editora UFV, 2008.  

					https://doi.org/10.1016/j.agwat.2019.10596  

					0 . Available at:  

					https://www.sciencedirect.com/science/artic  

					le/abs/pii/S0378377419318748. Accessed  

					on: August 10, 2022.  

					BRANDÃO, VS; CECÍLIO, RA; PRUSKI,  

					FF; SILVA, DD Soil water infiltration .  

					3rd ed. Viçosa, MG: UFV, 2012.  

					EHLERS, W.; GOSS, M. Water dynamics  

					in plant production . 2nd. ed. London:  

					CABI, 2016.  

					SUGARCANE. Monitoring the Brazilian  

					Harvest: sugarcane , Brasília, DF, v. 10, n.  

					4, p. 1-50, April 2023. 2022/2023 Harvest,  

					Fourth survey. Available at:  

					http:www.conab.gov.br. Accessed on: May  

					2, 2023.  

					EMYDIO, BM Ethanol production from  

					sweet sorghum . Campinas: Infobibos ,  

					2010. Available at:  

					http://www.infobibos.com/Artigos/2010_4/  

					Irriga, Botucatu, v. 27, n. 4, p. 843-855, outubro-dezembro, 2022  

				

			

		

		
			
				
					
				
			

			
				
					Ferneda, et al.  

					853  

					sorgo/index.htm. Accessed on: August 15,  

					x.php/BRJD/article/view/8458. Accessed  

					2022.  

					on: April 26, 2023.  

					FOK, YS Derivation of lewis-kostiakov  

					intake equation. Journal of Irrigation and  

					Drainage Engineering , Reston, vol. 112,  

					no. 2, p. 164-171, 1986.  

					MARSHALL, MW; WILLIAMS, P.;  

					NAFCHI, AM; MAJA, JM; PAYERO, J.;  

					MUELLER, J.; KHALILIAN, A. Influence  

					of tillage and deep rooted cool season cover  

					crops on soil properties, pests, and yield  

					responses in cotton. Open Journal of Soil  

					Science , Wuhan, v. 6, n. 10, p. 149-158,  

					2016. DOI: 10.4236/ojss.2016.610015.  

					Available at:  

					GOMES, J.; BAJAY, MM Economical  

					nature of sugarcane plantation retirement  

					age. iPecege Magazine , Piracicaba, v. 3, n.  

					3, p. 9-22, 2017. DOI:  

					https://doi.org/10.22167/r.ipecege.2017.3.9  

					. Available at:  

					https://revista.ipecege.org.br/Revista/article  

					/view/124. Accessed on: April 23, 2023.  

					https://scirp.org/journal/PaperInformation.a  

					spx?PaperID=71151 . Accessed on: April  

					23, 2023.  

					MAY, A .; MENDES, SM ; SILVA, DD ;  

					PARRELLA, RAC ; MIRANDA, RA ;  

					SILVA, AF ; PACHECO, TF ; AQUINO,  

					LA ; COTA, LV ; COSTA, RV ; KARAM,  

					D .; PARRELLA, NNL D. ; SCHAFFERT,  

					RE Cultivation of sweet sorghum in  

					sugarcane reform areas . Sete Lagoas:  

					Embrapa Corn and Soybeans, 2013.  

					LABEGALINI, NS Development of corn  

					crop under the effects of different soil  

					compaction depths. Revista de  

					Agricultura Neotropical , Cassilândia , v.  

					3, n. 4, p. 7-11, 2016. DOI:  

					https://doi.org/10.32404/rean.v3i4.1102 .  

					Available at:  

					https://periodicosonline.uems.br/index.php/  

					agrineo/article/view/1102. Accessed on:  

					April 23, 2023.  

					MOSSADEGHI-BJ ÖRKLUND, M.;  

					JARVIS, N.; LARSBO, M.; FORKMAN, J.;  

					KELLER, T. Effects of compaction on soil  

					hydraulic properties, penetration resistance  

					and water flow patterns at the soil profile  

					scale. Soil Use and Management ,  

					LIMA, RP; LEÓN, MJ; SILVA, AR  

					Comparison between two penetrometers in  

					the evaluation of soil mechanical resistance  

					to penetration . Ceres Magazine , Viçosa,  

					v. 60, n. 4, p. 577-581, 2013. DOI:  

					http://dx.doi.org/10.1590/S0034-  

					737X2013000400018. Available at:  

					https://www.scielo.br/j/rceres/a/VGYDfBg  

					dbQhLrsFxP4pbq7C/?lang=pt. Accessed  

					on: April 26, 2023.  

					London, vol. 35, no. 3, p. 367-377, 2019.  

					NETTO, AM; LIMA, LJS; ANTONINO,  

					ACD; SOUZA, ES; ANGULO-  

					JARAMILO, R. Hydrodynamic and  

					hydrodispersive characterization of a  

					yellow latosol in the brejo microregion of  

					Paraíba . Brazilian Journal of Soil Science  

					, Viçosa, vol. 37, no. 1, p. 86-96, 2013.  

					DOI: https://doi.org/10.1590/S0100-  

					06832013000100009. Available at:  

					https://www.scielo.br/j/rbcs/a/YCBv4qZQ  

					WVXymmjkcTPWFGL/abstract/?lang=pt.  

					Accessed on: April 26, 2023.  

					LOURENCETTI, AJ; GOMES, KNAES;  

					BRANCO, LFC Infiltration-facilitating  

					techniques–alternative drainage systems.  

					Brazilian Journal of Development ,  

					Curitiba, v . 6, n. 4, p. 17572-17586, 2020.  

					DOI: https://doi.org/10.34117/bjdv6n4-069.  

					Available at:  

					https://ojs.brazilianjournals.com.br/ojs/inde  

					OLIVEIRA, AS; SILVA, AM; MELLO,  

					CR Water dynamics in spring recharge  

					Irriga, Botucatu, v. 27, n. 4, p. 843-855, outubro-dezembro, 2022  

				

			

		

		
			
				
					
				
			

			
				
					854  

					Influência da adubação...  

					areas in two environments in the Alto Rio  

					Grande Region, Minas Gerais. Sanitary  

					and Environmental Engineering , Rio de  

					Janeiro, v. 25, n. 1, p. 59-67, 2020. DOI:  

					https://doi.org/10.1590/S1413-  

					compaction for boosting crop productivity  

					at varying yield environments in southern  

					Brazil . European Journal of Soil Science  

					, New Jersey, v. 71, n. 9, p. 1157-1172,  

					2019. DOI:  

					41522020148177. Available at:  

					https://doi.org/10.1111/ejss.12880.  

					Available at:  

					https://bsssjournals.onlinelibrary.wiley.com  

					/doi/abs/10.1111/ejss.12880. Accessed on:  

					April 26, 2023.  

					https://www.scielo.br/j/esa/a/ywkRF5fb4Cy  

					tf4 bpPMh6wmm/abstract/?lang=pt.  

					Accessed on: Apr 27, 2023.  

					OLIVEIRA FILHO, F. X; MIRANDA,  

					NO; MEDEIROS, JF; SILVA, PCM;  

					MESQUITA, FO; COSTA, TKG  

					Management zone for soil preparation in  

					sugarcane cultivation. Brazilian Journal of  

					Agricultural and Environmental  

					Engineering , Campina Grande, v. 19, n. 2,  

					p. 186-193, 2015. DOI:  

					SANTI, AL; CARNEIRO, A.; AMADO,  

					TJC; SILVA, VR; BASSO, CJ; DELLA  

					FLORA, LP; CHERUBIN, MR;  

					EITELWEIN, MT Soil water infiltration,  

					determined by different methods, as an  

					indicator of productive potential in two  

					Latosols managed with precision  

					https://doi.org/10.1590/1807-  

					1929/agriambi.v19n2p186-193. Available  

					at:  

					agriculture. Interciencia , Caracas, v . 37,  

					no. 3, p. 204-208, 2012.  

					https://www.scielo.br/j/rbeaa/a/mXx78FscC  

					ySpv6hv5sm3LqF/abstract/?lang=pt.  

					Accessed on: April 27, 2023.  

					SANTOS, ILN; GOMES FILHO, RR;  

					CARVALHO, CM; SANTOS, KV;  

					OLIVEIRA, DTB; SOUZA, LG Water  

					infiltration rate in soil cultivated with sweet  

					corn covered with crotalaria. Brazilian  

					Journal of Irrigated Agriculture ,  

					Fortaleza, v. 10, no. 5, p. 925-934, 2016.  

					PACHECO, LP; SÃO MIGUEL, ASDC;  

					BONFIN-SILVA, EM; SOUZA, ED;  

					SILVA, FD Influence of soil bulk density  

					on attributes of the aerial part and root  

					system of sunn hemp. 45 , n. 4, p. 467-472,  

					2015. DOI: https://doi.org/10.1590/1983-  

					40632015v4538107. Available at:  

					https://www.scielo.br/j/pat/a/LcTKSpWFhy  

					SWrgZwPYpsPBF/abstract/?lang=pt.  

					Accessed on: Apr 27, 2023.  

					SHAHIDIAN, S.; GUIMARAES, RC;  

					RODRIGUES, CM; CHAMBEL, A.'  

					ALEXANDRE, CA; SANTOS, FL;  

					BASCH, G.; ANDRADE, JA; COELHO,  

					R. Agricultural Hydrology . Évora:  

					ICAAM/School of Science and Technology  

					of the University of Évora, 2017.  

					PEREIRA, DC; CARNEIRO, MM;  

					GRYCZAK, L.; PINTO, MLC Estimation  

					of basic infiltration rate in soils under  

					vegetative regeneration. Terr @ Plural ,  

					Ponta Grossa, v. 13, n. 1, p. 124-137, 2019.  

					Available at:  

					https://revistas.uepg.br/index.php/tp/article/  

					view/12174/pdf. Accessed on: April 23,  

					2023.  

					SILVA, NF; CUNHA, FN; CABRAL  

					FILHO, FR; MORAIS, WA; CUNHA, ES;  

					ROQUE, RC; ALVES, DKM; TEIXEIRA,  

					MB Methods for estimating water  

					infiltration in an oxisol under no-tillage and  

					conventional tillage. Global Science and  

					Technology , Rio Verde, v. 10, n. 1 , p.  

					169-176, 2017.  

					POTT, LP; AMADO, TJC; LEAL, OA;  

					CIAMPITTI, IA Mitigation of soil  

					SILVEIRA JUNIOR, SD; SILVA, AP;  

					FIGUEIREDO, GC; TORMENA, CA;  

					Irriga, Botucatu, v. 27, n. 4, p. 843-855, outubro-dezembro, 2022  

				

			

		

		
			
				
					
				
			

			
				
					Ferneda, et al.  

					855  

					GIAROLA, NFB Physical quality of a Red  

					Latosol under no-tillage subjected to  

					mechanical and biological decompaction.  

					Brazilian Journal of Soil Science , Viçosa,  

					v. 36, n. 6, p. 1854-1867, 2012.  

					WANG, G.; FANG, Q.; Wu, B.; YANG, H.  

					XU, Z. Relationship between soil  

					erodibility and modeled infiltration rate in  

					different soils. Journal of Hydrology ,  

					Amsterdam, v . 528, p. 408-418, 2015.  

					SOUZA, DL; SANTOS, VC; SOUZA, SL;  

					PEREIRA, SBL Penetration resistance in  

					yellow latosol of coastal tablelands,  

					under legume vegetation cover. Cruz das  

					Almas: Embrapa Cassava and Fruit  

					Growing , 2013 .  

					WICKRAMAARACHCHI, TN;  

					VENUKANAN, T.; DILUCKSHANARAJ,  

					R. Comparison of Experimentally and  

					Theoretically Determined Infiltration in  

					Coarse Textured Soil. International  

					Journal of Engineering-Transactions C :  

					Aspects , Tehran , vol. 31, no. 6, p. 886-  

					893, 2018.  

					VALADÃO, FCA; WEBER, OLS;  

					VALADAO JUNIOR, DD; SCAPINELLI,  

					A.; DEINA, FR; BIANCHINI, A.  

					Phosphate fertilization and soil compaction:  

					soybean and corn root systems and soil  

					physical attributes. Brazilian Journal of  

					Soil Science , Viçosa , vol. 39, no. 1, p.  

					243-255, 2015.  

					ZACCHEO, PVC; NEVES, CSVJ;  

					MARIANO, DC; ZORZENONI, TO;  

					HIGASHIBARA, LR; PICCININ, GG;  

					OKUMURA, RS Green manure in  

					fruticulture: Aspects on soil quality and use  

					in agriculture. African Journal of  

					Agricultural Research , Sapele , v. 11, no.  

					17, p. 1469-1474, 2016.  

					VIANA, PC; LIMA, JGA; ALVES, ADS;  

					LIMA, RDS; MEDEIROS, JF; PEREIRA,  

					MM Determination of soil water infiltration  

					rate in no-tillage and conventional tillage  

					systems. In : NATIONAL CONGRESS ON  

					IRRIGATION AND DRAINAGE, 25.,  

					2015, São Cristóvão. Proceedings […].  

					São Cristóvão : UFS, 2015. p. 390-395.  

					ZWIRTES, AL; SPOHR, RB; BARONIO,  

					CA; MENEGOL, DR; ROSA, GM;  

					MORAES, MT Use of the Cornell  

					infiltrometer and concentric rings to  

					determine water infiltration in a Red  

					Latosol. Semina : Agricultural Sciences,  

					Londrina, v. 1, no. 34, p. 3489-3499, 2013.  

					Irriga, Botucatu, v. 27, n. 4, p. 843-855, outubro-dezembro, 2022  

				

			

		

	EPUB/images/img_06.png






EPUB/images/img_08.png
e
.

VIB (mm/h)
(98]
=

N3
(=1

10

S. Sacarino 1 2 1 2

Adubos verdes 1 2





EPUB/images/img_04.png
Crotaléria

Sem adubo verde

Feijdo guandu

% R1 R2 R1 R2 R2
g [

@ R3 R4 R3 R4 R4
= R1 R2 R1 R2

2

El R3 R4 R3 R4

Cana-de-acticar






EPUB/toc.xhtml

Table of Contents


		Page













EPUB/images/img_11.png
140 140 |
120 o 120
100 =100
n
=
= 80 R= 0,606 £ 80
-g 60 | o0 &% se o £ e
£ 40 > > 40
5 2 20
N 0
5 %0 40 .60 B0 00 130 ‘140 0 20 40 60 80 100 120 140
Tempo (min) Tempo (min)
122,36132t10,8148 1=21"0,8226
VI=1,92404t-0,185 VI=112-0,177
(a) Tratamento 1 (b) Tratamento 2
140 140
*
120 o 120
100 | o 100
~ 80 _80
= a2
< 60 60 R2=0,7103
i
2o
Eao R2=0,7479 £401 %
520 520
.
0 - 0
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Tempo (min) Tempo (min)
14,88523t10,5211 1=4,46491"0,537
VI=2,54577t7-0,479 VI=2,3967-0,46
(c) Tratamento 3 (d) Tratamento 4
140 140
120 120
100 100
80 80
ol &0 | R*=0,6072
460 R2=0,8561 ol =
g =
540 540 N
520 7 S22 * ¢S ad &
0 0 . ; —_—
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Tempo (min) Tempo (min)
1=4,0902t"0,676 1=1,978463t10,657889
VI=2,76376t-0,324 VI=1,301609t1-0,34211
(e) Tratamento 5 (f) Tratamento 6






