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Hydraulic conductivity in response to exchangeable sodium percentage
and solution salt concentration
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ABSTRACT

Hydraulic conductivity is determined in laboratory assays to estimate the flow of water in saturated soils.
However the results of this analysis, when using distilled or deionized waggrnot correspond to field conditions
in soils with high concentrations of soluble salts. This study therefore set out to determine the hydraulic
conductivity in laboratory conditions using solutions of different electrical conductivities in six soils
representative of the State of Pernambuco, with the exchangeable sodium percentage adjusted in the range of 5-
30%. The results showed an increase in hydraulic conductivity with both decreasing exchangeable sodium
percentage and increasing electrical conductivity in the solution. The response to the treatments was more
pronounced in soils with higher proportion of more active clays. Determination of hydraulic conductivity in
laboratory is routinely performed with deionized or distilled watéowever in salt afected soils, these
determinations should be carried out using solutions of electrical conductivity different from ¢, d&itim
values close to those determined in the saturation extracts.

Key words: saline soils, saline-sodic soils, exchangeable-sodium-percentage, soil solution electrical
conductivity

RESUMO

Condutividade hidraulica em resposta a saturacao por sodio e concentracao salina da solucéo

Para estimar o movimento de agua no solo, determina-se, em laborat6rio, a condutividade hidraulica em meio
saturado. Porém, os resultados dessa analise, ao se utilizar agua destilada ou deionizada, podem n&o corresponde
as condicdes de campo em solos que apresentem concentracdes elevadas de sais sollveis. Por essa razao, detern
nou-se, em laboratdrio, utilizando-se solugdes de trabalho de diferentes condutividades elétricas, a condutividade
hidraulica de seis solos representativos do Estado de Pernambuco, com percentagem de saturacéo de sédio ajustad
no intervalo de 5 a 30%. Os resultados evidenciaram ousetincremento nos valores de condutividade hidraulica,
diretamente relacionado com a diminuicdo da percentagem de saturacédo de sédio e com 0 aumento da condutividade
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716 Jeferson Luiz deAguiar Paet al.

elétrica na solucdo de trabalhf® resposta aos tratamentos foi mais acentuada nos solos com maiores proporcées de
amilas mais ativasAs determinag¢8es de condutividade hidraulica séo realizadas com agua deionizada ou destilada.
No entanto, para solos afetados por sais, conclui-se que as analises deveriam ser realizadas com solu¢des com
condutividades elétricas diferentes de 0 d5 utilizando-se valores proximos aos do extrato da pasta de saturacgéo.

Palavras-chave solos salinos, solos salino-sédicos, percentagem de sodio trocavel, condutividade elétrica da
solucéo do solo, extrato da pasta de saturagéo.

INTRODUCTION MATERIAL AND METHODS

In semiarid regions, salinization can negatively affect The study was carried out in the Department of Soil
soil physical properties. One of the critical processe3cience, Universidade Federal dgsa,Vicosa, Minas
for soil structure is clay dispersion, which is ofterGerais, located in the geographic coordinates 20° 45' Sl
aggravated by the excess exchangeable sodium expresse@° 51' O.
by the exchangeable sodium percentage (ESP) (8pera Soil samples were collected from one horizon of six
al., 2008; Paest al, 2013). representative soil profiles of the State of Pernambuco
In salt-affected soils, the solution salt concentratiorglassified (Embrapa, 2006) as: Fluvisol Y RO7° 52’
usually expressed as electrical conductivity (EC), is vei31" S and 36° 57’ 49" W); Haplic Luvisol - TX (07° 52’
important for the phenomena of flocculation an®9" S and 35° 2701"W); Albaqualf - SX (08° 2128" S
dispersion because the action performed on the diffuaad 36° 10’ 20" W); Chromic Luvisol - TC (08° 30’ 10"
double layer (Gillman, 1974). S and 39° 1939"W); Vertisol -VX (07° 37'44" S and
The soil hydraulic conductivity can be determined im0° 03" 14"W) andArgiluvic Chernosol - MT(07° 44’
the field or laboratoryThe laboratory measurements are82" S and 35° 1404" W). To avoid interference of
generally carried out using constant head permeametesgganic matterthe samples were preferably collected
Klute & Dirksen (1986) emphasized that these analyzés the B horizon, except for\Rwhich, for not having
provide approximate results and are recommended whiinis horizon, had the samples collected frarhorizon.
the methodologies for evaluation in the field are The samples were air-dried, crushed, and passed
impractical. through a 2-mm mesh sieve to obtain air-dry fine earth
However the results obtained in laboratory for salt{ADFE). Part of these samples was separated for the
affected soils may differ greatly from those in the fieldassay and the other part was used for particle size analysis
The soil hydraulic conductivy can be underestimateand chemical characterization of the soil studieab(@s
in the lab mainly due to the dilution of the saltl, 2).
concentration in the soil solution, when distilled or The treatments were arranged in a 6 x 3 x 3 factorial
deionized water as percolating solution. design, as follows: six soil samples, three exchangeable
Therefore, the use of percolating solution with EGodium percentages (ESP): 5; 15 and 30% and three
similar to the satured doil paste extract could enhaned¢ectrical conductivities (EC) of the percolating
the accuracy of hydraulic conductivity analyses imsolution: 0.0; 0.6 and 1.2 dS'mThe experiment was
laboratory This possible inaccuracy in currentarranged in a randomized block design with five
determinations of soil hydraulic conductivity mayreplicates.
mistakenly indicate the need for irrigation using water First, to achieve the ESP values, the Na:Ca ratio on
with higher EC and/or chemical amendments to presdhe cation exchange complex of the soils was adjusted
ve soil structure, which tends to increase salinizatiomsing constant head permeameters (Ferreira, 1999). The
and raise production costs. permeameters were made with PVC columns, diameter
The objective of this study was therefore to determf approximately 5 cm and 14 cm long, bottom lid
ne the soil saturated hydraulic conductivity usin@dapted with drainage system and lined with filter paper
solutions of different EC in six representative soils of Each soil sample (ADFE) was carefully placed in the
the State of Pernambuco, with exchangeable sodiypermeameterusing a glass rod to homogenize the soil
percentage (ESP) adjusted in the range 5-30%. distribution and avoid the formation of layers of different
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Hydraulic conductivity in response to exchangeable sodium percentage and solutio.17

densities, to a height of 9 crA. glass wool disk was solution, according to the treatment, to a height
placed at the top of the column to avoid disturbances erresponding to two thirds of the height of the soil
the surface by the solutions. sample (6 cm), reducing to the maximum the air in the
The sodium adsorption ratio (SAR) of the NaCl +soil pore space. The saturation occurred for a period of
CacCl, solutions needed to achieve the exchangeald® h (Freireet al, 2003a).
sodium percentages (ESP) were previously determined The saturating solution was then applied, using
using Eq. (1) (Pereirat al, 1982): constant head permeameters to reach the equilibrium,
which was determined by the equal reading of the
electrical conductivity between the effluent and the
influent solutions.

The solutions used for adjusting the Na:Ca ratio After reaching the equilibrium of the different SAR
(saturating solutions) were prepared to reach a fin§plues, using the NaCl + CaGblutions, the samples

concentration of 50 mmoL, using NaCl and Cagl Were removed from the permeameters, air-dried,
Eq. (2): ‘ crushed, and passed through a 2-mm mesh sieve to obtain

ADFE. Subsequentlypart of the sample was separated
(2) for the analysis and the other part was washed with
iJsopropyl alcohol to remove the soluble salts and
determination of ESP effectively achieved with the
passage of the solutionsafdle 3).

The ESP values observed were different from those

_ 100 (-0.0135+0.0212 RAS) 1)
" 1+(-0.0135+0.0212 RAS)

ESP

[Na"#+[Ca®* ] = 50 mmol_ L’

This relatively high concentration allows a quic
adjustment on the exchange complex. Thus, thg pxal
[C&] values were calculated by Eq. (3):

[Na’*] gfxpected. The differences observed were due to use of
SR =’? estimation by the equation established by Pekira.
N [Ca™)2 (1982), which was derived from to an average of all soils
studied by these authors.
To carry out saturation in ascending ordére Before the determination of the hydraulic

columns were placed in trays containing the saturatirg@@nductivity the concentrated solutio(iSC = 5.0 dS n)

Table 1.Particle size composition of soil samples

Characteristic RY X SX TC VX MT
Coarse sand (g Ky 360 159 415 333 303 165
Fine sand (g k§ 216 388 n2 190 203 100
Silt (g kg?) 2n 213 70 144 156 237
Clay (g kg) 213 240 403 333 338 498

RY = Fluvisol; TX = Haplic Luvisol; SX sAlbaqualf;TC = Chromic Luvisoly¥X = Vertisol; MT=Argiluvic Chernosol.

Table 2.Chemical characterization of soil samples

Characteristic RY X SX TC VX MT
pH in water (1:2,5) 6.69 7.14 6.20 6.26 6.85 4.94
pHin KCI (1:2,5) 6.06 4.60 4.54 4.09 5.37 4.65
ApH -0.63 -2.54 -1.66 -2.17 -1.48 -0.29
Ca*(cmol kg?) 8.31 11.98 0.88 6.95 5.67 4.00
Mg**(cmol_kg?) 4.45 7.60 4.80 4.64 0.90 1.37
K*(cmol kg?) 0.69 0.08 0.27 0.18 0.74 0.07
Na'(cmol kg?) 1.37 0.35 1.00 0.25 0.03 0.17
Sum of bases (cmdtg™?) 14.83 20.00 6.94 12.02 7.34 5.62
(H+Al) (cmol_kg?) 0.00 0.60 4.40 0.00 2.40 2.90
CEC total (cmalkg?) 14.83 20.00 11.34 12.02 9.74 8.52
CEC of clay fraction (cmgkg™) 69.62 85.83 28.14 36.10 28.82 17.1
Exchangeable sodium percentage 9.30 1.80 14.40 2.10 0.40 3.00
Electrical conductivity 1:1 (dS #) 5.65 2.82 0.40 0.25 0.24 0.30
Organic C (g kg) 8.60 6.30 4.00 6.70 2.80 9.20
Remaining P (mg t) 48.08 40.59 4552 41.26 41.02 10.93

RY = Fluvisol; TX = Haplic Luvisol; SX sAlbaqualf;TC = Chromic LuvisolyX = Vertisol; MT=Argiluvic Chernosol.
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718 Jeferson Luiz deAguiar Paet al.

were diluted with deionized water to reach the workin$ylata” region of Pernambuco, with higher rainfedtes
values of 0.6 and 1.2 dS™nThe treatment 0 dS-hwas than the northeastern semi-arid region, where the other
carried out only with deionized watén this article, the soils were collected. It also hApH closer to zero @ble
use of the term “working solution” is based on the). These characteristics are important for charge ba-
consideration that distilled or deionized water can blance and, consequentfipr particle flocculation.
considered as infinitely diluted solutions. Of the remaining five soils with higher proportion of
The procedures for determining the hydrauli@ctive clayi.e., clay CEC > 27 cmokg™ (Table 2), the
conductivity followed the routine of Soil PhysicsAlbaqualf showed the highest relative hydraulic
Laboratory Department of Soil Science-UF¥dapted conductivity (Table 6).This result can be attributed, at
from EMBRARA (2011), since the hydraulic conductivity least partially to a greater proportion of coarse sand
was determined in samplesADFE. (Table 1), which, according to Santos & Ribeiro (2000),
To facilitate the visualization of changes in hydrauli€ontributes to increase in macroporosity and,
conductivity with the treatments, we determined thEonsequentlyincrease in hydraulic conductivity
relative hydraulic conductivity (Freiret al, 2003a) by The remaining four soils, Haplic Luvisol, Fluvisol,
assigning the unit to the maximum mean hydrau”yertisol and Chromic Luvisol, showed no statistically
conductivity of each soil. significant differences in the relative hydraulic
Means of hydraulic conductivity and relative hydrauli¢onductivity (ble 6).This lack of diference can be
conductivity were analyzed statisticalfhe analysis of attributed to S|m-|la-lr|t|es in their particle size distribution
variance grouped the soils, after testing the homogenefj2P!e 1), remaining Ralues A pH (Table 2) and the
of variances. The eight degrees of freedom for ESP Btineralogical composition of the gldraction (Freire
the soil and EC of the working solution were analyzeft &l 2003b; Cunha, 2010), with predominance of highly

by orthogonal contrasts. In the presentation of th@Ctive clay minerals @ble 2). .
results, we used mean contrasts calculated by dividing Because of the disparity observed in ESP values after

the numerical value of the contrasts by the sum of tfdiustment (@ble 3), we used in the giscussion, the pre-
modules of the coefficients divided by two (Alvarez g&stablished values  of 5, 10 and 15%. When comparing
Alvarez, 2006). Howeverin the discussion of these results of hydraulic conductivity and relative hydraulic

results, we indicated statistical difference for contrasf@nductivity in response to treatments, we used the
significant at 5% and the term “trend” for contrast@rthogonal contrasts ifable 7As described in the section

significant between 5 and 20%. Material and Methods, the term “trend” will be used for
significant differences in the range of 5 to 20%.

RESULTSAND DISCUSSION The significances of the contrasts, in relation to the
results of the hydraulic conductivity and relative

The means of saturated hydraulic conductivity anfly 4 jic conductivityare similarThis similarity occurs
relative hydraulic conductivity are shown Tiables 4 because the calculation of the relative hydraulic

ands. conductivity is the result of the ratio between the
The analysis of variance showed no homogeneity @f,qraulic conductivity and a constant, corresponding to
variances in hydraulic conductivity for all soils studiedhe maximum mean value of hydraulic conductivity for
and thus it was not possible to carry out the test @hch soil.
comparison of means. The non-homogeneity of variances The contrasts C1 and C2 evaluated the response of
can be attributed to the disparity of hydraulighe soils to sodium saturation. There were differences
conductivity values of some soils. for the Fluvisol, Haplic LuvisolAlbaqualf, Chromic
However the standardization by calculating theluvisol andVertisol when comparing ES® 5, 15 and
relative hydraulic conductivityproduced homogeneity 30%, with reduction in hydraulic conductivity and
of variances between the soils and allowed thglative hydraulic conductivity with increasing
comparison of means by the Scott-Knott test (p <0.08kchangeable sodium contentlie 7).
(Table 6). The soils mentioned above showed a marked content
There was greater mean relative hydrauliof clay minerals type 2:1, such as illite and smectite
conductivity for théArgiluvic ChernosolThis result can (Freire et al., 2003b; Cunha, 2010According to
be explained, at least partigllyy the higher degree of McNeal & Coleman (1966), soils with predominant
weathering of this soil compared to the others in thisighly active minerals are more susceptible to the
study with significant amount of iron oxides in the claydispersive effect caused by sodium, which may favor clay
fraction (Freireet al, 2003b). The sample collection ofdispersion, clogging of pores and the consequent
theArgiluvic Chernosol was performed in the “Zona daeduction of hydraulic conductivity .

Rev CeresVicosa, v61, n.5, p. 715-722, set/out, 2014
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TheArgiluvic Chernosol showed no response to théhe significances of the contrasts C3 to Cah(€é 7),
different proportions of exchangeable sodiuab(€ 7), showed for the Fluvisol that, regardless of ESP values
indicating that its physical properties, related to the watés, 15 and 30%), differences occurred only when
flow, remained preserved, even for a high H8 result, comparing the working solution with the highest salt
as already mentioned, is probably linked to theoncentration (EC = 1.2 dSnwith solutions of lower
mineralogical composition and the degree of weatherirgC values (0 and 0.6 dS*n
of the soil, with a strong presence of hematite in the The Fluvisol showed no significant differences in the
clay fraction (Freirest al, 2003b). comparison between the percolating solutions of lower

The contrasts C3 to C84Mble 7) compare the EC of salt concentration (0 vs. 0.6 dS)suggesting that, when
the working solutions for each soil and ESP; the odaffected by sodicity problems (ESP> 5%), a value
numbers relate 1.2 dS'mwvith 0 and 0.6 dS ) and the considered as critical by Mcintyre (1979), it would be
even numbers relate 0.6 dS mith 0 dS nt. In general, necessary to use irrigation water with EC greater or equal
there is an increase in hydraulic conductivity and, henc, 1.2 dS m. This procedure, in field conditions, will
in the relative hydraulic conductivity with increasing ECprobably preserve the structure of the soil and, hence,

The analysis of the individual behavior of each soihcrease the hydraulic conductivityecreasing the risk
in relation to the different working solutions, based oof reduction in permeability

Table 3.Exchangeable sodium percentage (ESP) determined in soil samples after equilibration with NaCl,sedGacs

ESP
Soil 5 15 30
(%)
Fluvisol 94 17.8 36.0
Haplic Luvisol 6.8 18.7 34.0
Albaqualf 7.8 20.0 358
Chromic Luvisol 5.6 20.5 316
Vertisol 8.3 220 34.2
Argiluvic Chernosol 6.0 16.9 28.6

Table 4.Saturated hydraulic conductivity (Kconsidering exchangeable sodium percentage (ESP) and electrical conductivity (EC) of
the solution

PST (%)
Soil CE 5 15 30
ds m? K,(cm ht)
0 0.6750 0.1130 0.0970
Fluvisol 0.6 0.6449 0.2350 0.1150
12 0.7865 0.4213 0.2500
0 1.1865 0.2660 0.0528
Haplic Luvisol 0.6 0.9557 0.8596 0.3775
12 1.5004 0.9374 0.4482
0 0.3805 0.1853 0.0572
Albaqualf 0.6 0.6088 0.3672 0.2106
12 0.6282 0.7140 0.4684
0 0.0798 0.0000 0.0000
Chromic Luvisol 0.6 0.1750 0.0769 0.0474
12 0.215 0.1018 0.0483
0 0.3158 0.1551 0.0860
Vertisol 0.6 0.6960 0.2916 0.1131
12 0.7560 0.4333 0.1363
0 1.3519 1.3989 1.3273
Argiluvic Chernosol 0.6 1.5720 1.6678 1.7939
12 1.9039 1.6749 1.3244
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720 Jeferson Luiz deAguiar Paet al.

Table 7 shows that the Haplic Luvisol responded ina The Vertisol showed responses to increases in
similar way as the Fluvisol to the treatment with theolution salt concentrations up to ESP of 15%. There
lowest ESPadjusted to 5%. For the other ESPs, thenwas no difference between the solutions (C7 and C8) by
was a marked increase in hydraulic conductivity with thadjusting the soil to ESP equal to 30%.
increase in salt concentration. From the foregoing, therefore, the EC range of

TheAlbaqualf responded to the increases in E&b{@ working solutions used in this study corresponds to
7). For all ESP values, there were significant differencesoderate or no risk of salinization caused by irrigation
or trends in the comparison of solutions with differentvater (Arers & Westcott, 1994). Howevethe ESP
EC values (0, 0.6, and 1.2 dS)n{C3-C8), showing adjusted to 30% is more than twice the limit established
increases in hydraulic conductivity and relative hydrauliby Richards (1954), which characterizes the soil as
conductivity with increasing salt concentration in thesodic.
working solutions. This fact suggests that high EC values, higher than

The Chromic Luvisol behaved in a similar way as thtéhose indicated as moderate risk of salingiyould be
Albaqualf, considering the significance of the contrastsnaintained, at least in this soil, in order to increase the
However at ESPof 30%, no diferences were observedionic strength of the solution, minimizing the dispersive
when comparing the solutions of low electrical conductivitgffect of sodium at high ESP values.

(0 and 0.6 dS M) with the solution with EC = 1.2 dS'm

(C7); whereas there was difference with the use of SOIUI'O?gbIe 6 General means of relative saturated hydraulic conductivity

with lower salt concentrations (0.6 vs 0 dS, 1@8). of soils under study compared by the Scott-Knott test
This result suggests that, since there was complete- , - —
Soil Relative hydraulic conductivity"

pore obstruction, leading to null values of hydraulic

conductivity when using only deionized watealle 4), Argiluvic Chernosol 0.81804

the solutions with EC at 1.2 dS*'nallowed better soil Albalgualf isol 0.56408

water flow However these EC values (0.6 and 1.2 d%ﬁ&;;‘ tvIso 8'33382

m) were not high enough to prevent the soil remain witf), .. | 0:4390 c

values considered critical for hydraulic conductivity ~homic Luvisol 0.3890 C

thatis, with hydraulic conductivity <0.1 cmt fMclntyre, Different letters indicate statistically significant differences at 0.05 by
1979) (Table 4). the Scott-Knott test.

Table 5.Saturated relative hydraulic conductivity, () considering the exchangeable sodium percentage (ESP) and electrical conductivity
of the solution (EC)

ESP (%)
Soil CE 5 15 30
ds nt Kor
0 0.8580 0.1430 0.1230
Fluvisol 0.6 0.8200 0.2980 0.1460
1.2 1 0.5360 0.3180
0 0.7910 0.1770 0.0350
Haplic Luvisol 0.6 0.6370 0.5730 0.2520
1.2 1 0.6250 0.2990
0 0.4390 0.214 0.0660
Albaqualf 0.6 0.7020 0.423 0.2430
1.2 0.7240 1 0.5400
0 0.3770 0.000 0.0000
Chromic Luvisol 0.6 0.8280 0.3640 0.2240
1.2 1 0.4810 0.2280
0 0.4090 0.2010 0.1140
Vertisol 0.6 0.9210 0.3770 0.1460
1.2 1 0.5610 0.1760
0 0.7100 0.7350 0.6970
Argiluvic Chernosol 0.6 0.8260 0.8760 0.9420
1.2 1 0.8800 0.6960
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Table 7.Mean orthogonal contrasts (C) of saturated hydraulic conductivity and relative saturated hydraulic conductivity of soils yrdessdedyg the exchangeable sodium percentage (ESH
and soil electrical conductivity (EC) of the working solution

ESP EC C1 C2 C3 C4 C5 C6 Cc7 C8 v
% ds m? %

0 2 0 -1 -1 0 0 0 0
5 0.6 2 0 -1 1 0 0 0 0

12 2 0 2 0 0 0 0 0

0 -1 1 0 0 -1 -1 0 0
15 0.6 -1 1 0 0 -1 1 0 0

12 -1 1 0 0 2 0 0 0

0 -1 -1 0 0 0 0 -1 -1
30 0.6 -1 -1 0 0 0 0 -1 1

12 -1 -1 0 0 0 0 2 0
Saturated hydraulic conductivity (cm h?)
Fluvisol 0.497* 0.102 0.127 -0.030 0.247* 0.122 0.144 0.018 43
Haplic Luvisol 0.724* 0.395* 0.429* -0.231 0.378 0.594* 0.233 0.325 28
Albaqualf 0.205* 0.177* 0.134 0.228* 0.437* 0.182 0.335* 0.153 43
Chromic Luvisol 0.110* 0.028 0.084* 0.095* 0.063* 0.077* 0.025 0.047 51
Vertisol 0.386* 0.181* 0.250* 0.380* 0.210* 0.137 0.037 0.027 43
Argiluvic Chernosol 0.078 0.099 0.442* 0.220 0.141 0.269 -0.236 0.467 28

Relative saturated hydraulic conductivity

Fluvisol 0.632* 0.130 0.16F¥ -0.038 0.314* 0.155 0.183 0.022 41
Haplic Luvisol 0.483* 0.263* 0.286* -0.154 0.250* 0.396* 0.1553 0.216 41
Albaqualf 0.288* 0.248* 0.187 0.320* 0.613* 0.255 0.469* 0.215 41
Chromic Luvisol 0.519* 0.13F¥ 0.397* 0.450* 0.299* 0.364* 0.116 0.224 41
Vertisol 0.51* 0.240* 0.331* 0.503* 0.278* 0.18¥ 0.048 0.035 41
Argiluvic Chernosol 0.041 0.052 0.232* 0.16 0.074 0.141 -0.124 0.245 41

Y C1: ESP 5%5s15 and 30%. C2: ESP 15%30%. C3: EC 1.2 dStivs0 and 0.6 dS rd/ESP 5%. C4: EC 0.6 dS'ws0 dS m' d/ESP 5%. C5: EC 1.2 dS'ws0 and 0.6 dS rmd/ESP 15%. C6: EC 0.6 dStws0 dS nt d/
ESP 15%. C7:EC 1.2 dS'ws0 and 0.6 dS rhd/ESP 30%. C8: EC 0.6 dS'wvs0 dS nt d/ESP 30%.

*e *: Significant at 0.05 and 0.2 by the F test.
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722 Jeferson Luiz deAguiar Paet al.

TheArgiluvic Chernosol showed no marked response&inha JC (2010) Comparacéo de dispersantes quimicos na analise
. - . . granulométrica de solos do estado de Pernambuco. Dissertagdo de
to EC increase in the percolatmg. solutions, at lower ESPMestradoVigosa’ Universidade Federal'igosa. 67p,
values (Bble 7). Howeverthere is a trend of reduced o _ » _
h i L he hiah . Embrapa — Empresa Brasileira de Pesqhigapecuaria (2006) Sistema
ydraulic conductlwty in C8, due to the hig i prpportlon Brasileiro de Classificagéo de Solos. 22ed. Rio de Janeiro, Embrapa-
of exchangeable sodium and the use of deionized watesp!. 306p.
in the Working solution. Itis noteworthy that the relativ%mbrapa- Empresa Brasileira de Pesgiggapecuaria (201) Manual
hydraulic conductivity of this soil was the highest, de métodos de analise de solo. 22ed. Rio de Janeiro, Ministério da
considering the six soils studiedafle 6), which  Agriculturae dabastecimento. 230p.
indicates less variation of hydraulic conductivity withFerreira R (1999) Drenagem de terras agricoléisosa, Universidade
Federal d&/igcosa. 187p.
the treatments.

: " .1~ Freire MBGS, Ruiz HA, Ribeiro MR, FerreirAPAlvarezVVH & Freire
As d,lscussed before, the _Weather_ Cond,ltlons’ Wlth.éFJ (2003a) Condutividade hidraulica de solos de Pernambuco em
predominance of constant rain and high rainfall rates inresposta a condutividade elétrica e RAS da agua de irrigagéo. Revis-
the “Zona da Mata” region of Pernambuco, where this ta Brasileira de EngenhaAgricola eAmbiental, 7:45-52.
soil was collected, and the possible presence of stalpleire MBGS, Ruiz HA, Ribeiro MR, Ferreiradd FAlvarezVVH & Freire
microaggregates were probably the main reason for thd™J (2003b) Estimativa do risco de sodificacdo de solos de Pernambuco
| interferen f dium and EC of the workin pelo uso de aguas salinas. Revista Brasileira de EngeAlgaicala
esls nte ehe hced 0 |§o u ) and £L oF the WOrkINg o ampiental, 7:227-232.
on in I | n VI .
solutio the hydraulic conductivity Gillman GP (1974) The influence of net charge on water dispersible clay
It appears, therefore, that for less weathered SOIISand sorbed sulphat@ustralian Journal of Soil Research, 12:173-
with a predominance of high activity clay and with salinity 176.
problems, a more time consuming but appropriat@ute A & Dirksen C (1986) Hydraulic conductivity and figivity:
analysis should take into account the EC of the saturatioriaboratory methods. In: Kiutd. (eds.) Methods of soil analysis:
. . . Part 1. Physical and mineralogical methods. Madiganerican
eXtraClt and the proportion of Na in the cation eXChangeSociety ofAgronomy - Soil Science Society Aferica. p.687-732.
compiex.
P . . . Mcneal BL & Coleman NT (1966) Effect of solution composition on soil
In order to S|mpI|fy the anaIyS|S, the EC of the hydraulic conductivitySoil Science Society dimerica, 30:308-312.

saturation extract could _be replaced bY _the EC of _trm'cintyre DS (1979) Exchangeable sodium, subplasticity and hydraulic
extract 1:1 and double this value to use it in the working conductivity of someAustralian soils Australian Journal of Soil

solution (EG,). The exchangeable cation values would Research, 17:115-120.

be used to calculate the Na/(Ca + Mg + K) ratio, and thises JLA, Ruiz HA, Fernandes RBA, Freire MBGS, Barros MFC &

ratio would indicate the proportions for the preparation Rocha GC (2013) Disperséo de argilas em solos afetados por sais.
- Revista Brasileira de Engenhafigricola eAmbiental, 17:135-1142.

of the NaCl + CaClsolutions, expressed as miiot, genhafer

which would be adjusted to the g;rEJsed to determine Pereira RM,M_edlna BEGhey|HR&Etchever~sJD(1982)'8_0I05 af'eta-
dos por sais no Nordeste. Il. Correlagdo entre sédio soltuvel e

the hydraulic conductivity intercambiavel. Revista Brasileira de Ciéncia do Solo, 6:167-170.

Richards LA (1954) Diagnosis and improvement of saline and alkali
CONCLUSIONS soils.Washington, USDA. 160p. (Agriculture Handbook, 60).

The increase in the exchangeable sodium percenta%f’@tos EEF & Ribeiro MR (2000) Influéncia da wngagao e do cultlv_ci
nas propriedades de um latossolo e um argilossolo da regido

and decrease in the electrical conductivity of working dosubmédio S&o Francisco: atributos morfolégicos e fisicos. Revis-
solution are directly related to the reduction in the taBrasileira de Ciéncia do Solo, 24:875-884.

saturated hydraulic conductivity Spera STDenardin JE, EscosteguA\P Santos HR. Figueroa EA

.. . 2008) Disperséo de argila em microagregados de solo incubado com
The response to the variation in the exchangeable( ) Disp 9 cr0agreg Py

calcario. Revista Brasileira de Ciéncia do Solo, 32:2613-2620.
sodium percentage and the variation in the electrical
conductivity of the percolation solution was more
pronounced in soils with higher proportions of active clays.
Measurements of saturated hydraulic conductivity in
salt-affected soils must be carried out with solutions of

electrical conductivity different from 0 dS-fusing
values close to those of the saturated soil parte extract.
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