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Abstract

This study had the objective to evaluate the effect of irrigation and fertigation (NK) in the hydraulic conductivity and
diffusivity of an Oxisol cultivated with sugarcane. The experimental design comprised randomized blocks in a5 x 2
factorial scheme, with four replications. Treatments consisted of five levels of water replacement (100, 75, 50, 25 and
0%), with and without fertirrigation (NK). The planting of sugarcane, cultivar RB85-5453, was performed in a double
row (W-shaped), 8 m long, with 1.80 m spacing between the double rows, the distance between the crops in the
double row was 0.40 m, with a total area of 52,8 m?2 in each paddock. For treatments with water, replacement (WR) a
drip tube was placed in the ground at a depth of 0.20 m among the furrows of the double row. The drip tube
(DRIPNET PC 16150) comprised a thin wall, 1.0 bar pressure, nominal discharge 1.0 L h, and 0.50 m spacing
between drippers. Nitrogen was applied by fertirrigation at a dose of 100 Kg ha?, at 30-day intervals, with 10
applications throughout the development of the sugarcane culture. Potassium fertilization was done partially, in 30%
of the furrows, and the remaining part was treated with the irrigation water. Nitrogen and potassium were spread only
in the treatment with 0% water replacement. Was evaluated hydraulic conductivity and diffusivity versus logarithmic
pressure head, at a depth of 10 cm, using RETC software. The hydraulic diffusivity for water replacement of 25 and
50% with fertigation was 160.3 and 14.9 cm? days™ for the lower values of the logarithm of the pressure head.
Keywords: Saccharum spp.; Infiltration; Pores.

Resumo

Este trabalho teve como objetivo avaliar o efeito da lamina de irrigacdo e da fertirrigacdo (NK) na condutividade
hidraulica e na difusividade de um Latossolo Vermelho distroférrico cultivado com cana-de-aglcar. O delineamento
experimental utilizado foi o de blocos ao acaso analisado em esquema fatorial 5 x 2, com quatro repeticdes. Os
tratamentos foram compostos por cinco reposic¢des hidricas (0, 25, 50, 75 e 100%), com e sem fertirrigacdo (NK). Foi
cultivada a variedade RB 85-5453, em linha dupla (plantio “em W”), com 8 m de comprimento, 1,80 m entre linhas
de gotejo, 0 espacamento entre sulcos foi de 0,40 m, totalizando 52,8 m? de éarea total. Para os tratamentos com
reposicdo hidrica, o tubo gotejador foi enterrado a 0,20 m de profundidade da superficie do solo, no meio da linha
dupla. O modelo de tubo gotejador (DRIPNET PC 16150) com parede delgada, pressdo de servico de 1 bar, vazéo
nominal de 1,0 L h'* e espacamento entre gotejadores de 0,50 m. O nitrogénio foi aplicado via fertirrigacdo, na dose
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de 100 kg ha*, com intervalos de 30 dias, com 10 aplicaces durante todo o desenvolvimento da cultura da cana-de-
acucar. A adubacdo potassica foi realizada parcialmente no plantio, representando 30% do total, o restante foi
aplicado via fertirrigacdo. O nitrogénio e potassio foram espalhados apenas no tratamento com reposicéo de agua de
0%. Foi avaliado a condutividade hidraulica e a difusividade versus o logaritmo da carga de presséo, na profundidade
de 10 cm, utilizando o software RETC. A difusividade hidraulica para a reposicdo hidrica de 25 e 50% com NK foi de
160,3 e 14,9 cm? dia* para os menores valores do logaritmo da carga de pressao.

Palavras-chave: Saccharum spp.; Infiltracdo; Poros.

Resumen

Este trabajo tuvo como objetivo evaluar el efecto de la profundidad de riego y fertirrigacion (NK) sobre la
conductividad y difusividad hidraulica de un Oxisol cultivado con cafia de azlcar. El disefio experimental utilizado
fueron los bloques al azar analizados en un esquema factorial 5 x 2, con cuatro repeticiones. Los tratamientos
consistieron en cinco reemplazos de agua (0, 25, 50, 75 y 100%), con y sin fertirrigacion (NK). Se cultivo la variedad
RB 85-5453, en doble linea (plantacion “en W”), con 8 m de largo, 1.80 m entre lineas de goteo, el espaciamiento
entre surcos fue de 0.40 m, totalizando 52.8 m? de area total. Para los tratamientos de reemplazo de agua, el tubo de
goteo se enterrd a una profundidad de 0,20 m desde la superficie del suelo, en el medio de la doble linea. EI modelo
de tubo de gotero (DRIPNET PC 16150) con pared delgada, presion de trabajo de 1 bar, caudal nominal de 1,0 L hty
distancia entre goteros de 0,50 m. El nitrogeno se aplicé via fertirrigacion, a una dosis de 100 kg ha, a intervalos de
30 dias, con 10 aplicaciones a lo largo del desarrollo del cultivo de cafia de azlcar. La fertilizacidon con potasio se
realiz6 parcialmente al momento de la siembra, representando el 30% del total, el resto se aplicé via fertirrigacion. El
nitrdgeno y el potasio se esparcieron solo en el tratamiento con 0% de reemplazo de agua. Se evalu6 la conductividad
hidraulica y difusividad versus el logaritmo de la carga de presion, a una profundidad de 10 cm, utilizando el software
RETC. La difusividad hidraulica para el reemplazo de agua de 25 y 50% con NK fue de 160,3 y 14,9 cm? dia** para
los valores més bajos del logaritmo de carga de presion.

Palabras-clave: Saccharum spp.; Infiltracion; Poros.

1. Introduction

The hydraulic conductivity of the saturated soil indicates the ability of a soil to transmit water in the unsaturated soil,
this conductivity varies with the amount of water present in its empty pores, that is, with its degree of saturation, consequently
the hydraulic conductivity is extreme importance to the agricultural use (Gongalves; Libardi, 2013; Sobrinho et al., 2018).

The saturated soil K depends on the characteristics of the soil matrix and the fluid present in the soil, it is important
both in the flow process and of the transportation of contaminants in porous media, should also consider the soil K in the
solution of problems related to irrigation and the drainage of farm soils (Delgado-Rodriguez et al., 2011).

A detailed understanding of Ks is critical in the assessment of irrigation practices, infiltration rates, runoff,
groundwater recharge rates, and drainage processes, consequently sugarcane is expected to be an important factor that
influences the hydraulic properties of soil by affecting its physical and chemical characteristics (Aimrun et al., 2004; Cookson
etal., 2007; Breulmann et al., 2012, Hao et al., 2019).

Many researchers have found that the hydraulic conductivity of soil is affected by many factors such as density, water
contents, degree of saturation, void ratio, grain size distribution, and particle structure (Chung et al., 2018).

Different hydrological transport models have used hydraulic conductivity at saturation as a constant for chemical
leaching risk assessment, water infiltration characterization, and surface runoff modeling, also has been used frequently to
predict unsaturated soil hydraulic conductivity (Doussan; Ruy, 2009; Neyshabouri et al., 2013; Masis-Meléndez et al., 2014;
Rahmati, 2017; Rahmati et al., 2019).

This study had the objective to evaluate the effect of irrigation and fertigation (NK) in the hydraulic conductivity and
diffusivity of an Oxisol cultivated with sugarcane.

2. Methodology

The experiment (field study) (Lakatos and Marconi, 2003) was performed in the experimental area of the IFGoiano -

Campus Rio Verde, GO Brazil, 17°48'28"S and 50°53'57”W, mean altitude 720 m, slightly rolling ground relief (slope 6%),
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red dystrophic Latissoil (LVdf) with mean texture 458, 150 and 391 g kg sand, silt and clay, respectively, and chemical

characteristics as shown in Table 1.

Table 1. Chemical characterization of soil in the experimental area.

Layer pH oM P K Ca Mg Al H+Al S CTC \Y
m - gdm? mgdm?® e mmol dm3--------------- %
0.0-0.2 55 43.42 7.06 2.04 20.4 6.8 0 57.75 0,41 69.55 41.99
0.2-04 5.6 34.47 2.65 4.09 14.4 6.2 0 4455 0,32 56.24 41.57

pH in distilled water. P and K — extractor Mehlich™. O.M — Organic matter. V — Saturation by bases. Source: Authors.

The experimental design comprised randomized blocks in a 5x2 factorial scheme, with four replications. Treatments
consisted of five levels of water replacement (100, 75, 50, 25 and 0%), with and without nitrogen and potassium (0 and 100 kg
N ha? + 56 kg K ha?).

The planting of sugarcane, cultivar RB855453, was performed in a double row (W-shaped), 8 m long, with 1.80 m
spacing between the double rows. The distance between the crops in the double row was 0.40 m, with a total area of 35.2 m? in
each paddock. For treatments with water, replacement (WR) a drip tube was placed in the ground at a depth of 0.20 m among
the furrows of the double row. The drip tube (DRIPNET PC 16150) comprised a thin wall, 1.0 bar pressure, nominal discharge
1.0 L h'%, and 0.50 m spacing between drippers. On planting, all furrows of the plots were fertilized with 30 kg N ha* (urea),
120 kg P,0s ha* (single superphosphate) and 80 kg K,O ha* (potassium chloride). Nitrogen was applied by fertirrigation at a
dose of 100 Kg ha?, at 30-day intervals, with 10 applications throughout the development of the sugarcane culture. Potassium
fertilization was done partially, in 30% of the furrows, and the remaining part was treated with the irrigation water. Nitrogen
and potassium were spread only in the treatment with 0% water replacement.

Water demand was calculated by a 0.1 kPa puncture digital tensiometer. Tensiometric sensors were placed at a depth
of 0.20, 0.40, 0.60 and 0.80 m, at a distance of 0.15, 0.30, 0.45 and 0.60 m from the drip tube, with daily readings of water
tension in the soil. The soil’s physical and water characteristics were determined by the water retention curve in the soil, with
an available water capacity (AWC) of 100 mm. Soil was kept at field capacity in treatments with 100% WR. By the end of the

experiment, the water supplemented to the soil was calculated to determine the volume of water provided (Table 2).

Table 2. Water volume received at each water replacement level.

WR (%) WA (mm) R (mm) TVW (mm)
0 0 1618 1618
25 126 1618 1744
50 252 1618 1870
75 378 1618 1996
100 504 1618 2122

WR — water replacement; WA — water applied during the experiment; R — rainfall; TVW- Total volume of water received. Source: Authors.

Total evaporation-transpiration and precipitation reached 1549 and 1618 mm, respectively in the treatment without
water replacement.
The parameters of the equations that represent the model for the soil was accomplished through the RETC program
version 6.02 (van Genuchten et al., 2009). Type of model: retention curve model, conductivity model (van Genuchten, 1980;
3
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Mualem, 1976), and the soil diffusivity was determined according to Klute (1965) and Pauletto et al. (1988), according to
Equation 1 to 3:

g0 500 @
[1+((1><|\|1m|)”]
se 1 2
K(Se) = Ks S} % )
[——dx
o h(x)
oh
DO)=K— 3
) p ©)
where:

0 - water contents, cm® cm’3;

0 - the residual water contents, cm® cm’3;

0s - the saturated water contents, cm® cm3;

m, n e a - empirical parameter. With m = 1-1/n;

h - is the soil water pressure head (with dimension cm);
t - is time (days);

z - is soil depth (cm);

K - is the hydraulic conductivity (cm days™);

Ks - is the saturated hydraulic conductivity (cm days™);

D(0) - soil water diffusivity function (cm? days™).

Results were analyzed by ANOVA. In significant cases, regressions of linear and quadratic were performed for water

replacement levels. Nitrogen and potassium application means were compared using Tukey test at significance degree o =

0.05.

3. Results and Discussion

The hydraulic diffusivity (HD) minimum (approximately zero) it was verified in the logarithmic pressure head (LPH)
of 4.01, 3.87, 3.95, 3.69 and 4.01 cm in the water replacement of 0, 25, 50, 75 and 100% with fertirrigation and in the LPH of
3.84, 4.05, 3.69, 3.88 and 3.95 cm in the water replacement of 0, 25, 50, 75 and 100%, without fertirrigation, respectively
(Figure 1).
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Figure 1. Diffusivity in function of logarithmic pressure head at a depth of 10 cm for the water replacement of 0 (A), 25 (C),
50 (E), 75 (G) and 100% (1) with fertirrigation of NK and of 0 (B), 25 (D), 50 (F), 75 (H) and 100% (J) without fertirrigation.
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Source: Authors.

According to Cunha et al. (2015) the initial hydraulic diffusivity in the no-tillage system was 16% higher than the
conventional crop diffusivity, this difference has not changed much with the increase of the hydraulic load.

A HD maximum it was of 19.6, 160.3, 14.9, 122.8 and 10.5 cm? days™ in the logarithmic pressure head of -3.45, -
2.93, -3.55, -3.01 and -3.68 cm for water replacement of 0, 25, 50, 75 and 100% with fertirrigation, and the HD maximum it
was of 193.8, 52.81, 168.3, 41.5 and 173.6 cm? days™® in the LPH of -2.83, -3.06, -2.89, -3.43 and -2.9 cm for water
replacement of 0, 25, 50, 75 and 100% without fertirrigation, respectively. Determination of soil water diffusivity is important
as this hydraulic property is fundamental to characterize unsaturated water and solute transport in soils (Wang et al., 2004).

The HD maximum presented a reduction in 50%, in the logarithmic pressure head of -2.5, -2.17, -2.6, -2.28 and -2.7
cm in the water replacement of 0, 25, 50, 75 and 100% with fertirrigation and in the LPH of -2.12, -2.2, -2.2, -2.6 and -2.15 cm
in the water replacement of 0, 25, 50, 75 e 100% without fertirrigation, respectively. Soil water diffusivity and sorptivity
depends on the soil productive situation, being negatively affected by soil activities (Villarreal et al., 2016).

The unsaturated hydraulic conductivity (UHC) minimum (approximately zero) it was verified in logarithmic pressure
head (LPH) of 4.01, 3.87, 3.95, 3.69 and 4.01 cm in the water replacement of 0, 25, 50, 75 and 100%, with fertirrigation, and in
the LPH of 3.84, 4.05, 3.69, 3.88 and 3.95 cm, in the water replacement of 0, 25, 50, 75 and 100%, without fertirrigation,
respectively (Figure 2).
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Figure 2. Hydraulic conductivity in function of logarithmic pressure head at a depth of 10 cm for the water replacement of 0
(A), 25 (C), 50 (E), 75 (G) and 100% (I) with fertirrigation of NK and of 0 (B), 25 (D), 50 (F), 75 (H) and 100% (J) without

fertirrigation.
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Source: Authors.

The distribution and size of the pores, the tortuosity and connectivity of the pores are the characteristics of the
geometry of the porous space that most influence the transport of fluids in the soil (Chief et al., 2006; Brito, 2010).

The UHC maximum it was of 0.511, 0.826, 0.505, 0.877 and 0.456 cm days™ in the logarithmic pressure head of -
3.45, -2.93, -3.55, -3.01 and -3.68 cm for the water replacement of 0, 25, 50, 75 and 100% with fertirrigation, and the UHC
maximum it was of 0.894, 0.61, 0.885, 0.703 and 0.837 cm days™ in the LPH of -2.83, -3.06, -2.89, -3.43 and -2.9 cm for water
replacement of 0, 25, 50, 75 and 100%, without fertirrigation, respectively.

Textural heterogeneity is a crucial factor affecting soil Ksa, but it acts alongside many other ecological factors, such as
animal activity, root exudates, soil aggregation, etc. (Garcia-Gutiérrez et al., 2018).

The UHC maximum presented a reduction in 50%, in the logarithmic pressure head of -1.8, -1.1, -1.81, -1.04 and -2.1
cm in the water replacement of 0, 25, 50, 75 and 100% with fertirrigation and in the LPH of -0.899, -1.37, -0.932, -1.7 e -1 cm
in the water replacement of 0, 25, 50, 75 and 100% without fertirrigation, respectively. Eguchi et al. (2016) observed that
fertilization does not cause major alterations soil density, macroporosity, microporosity, total porosity or saturated hydraulic
conductivity.

The LPH remained positive to UHC of 0.0108, 0.0834, 0.0064, 0.0561 and 0.0035 c¢m days™ in the water replacement
of 0, 25, 50, 75 and 100% with fertirrigation and to the UHC of 0.0976, 0.0412, 0.079, 0.0159 and 0.0891 cm days™, in the

water replacement of 0, 25, 50, 75 and 100%, without fertirrigation, respectively.
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4. Conclusion

The hydraulic diffusivity for water replacement of 25 and 50% with fertigation was 160.3 and 14.9 cm? days™ for the
lower values of the logarithm of the pressure head.

The hydraulic conductivity for the water replacement 50% with and without fertigation was 0.5 and 0.88 cm day™ to
the logarithm of the pressure head of -3 cm.
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