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The central soils of the Irrigation District 110 Río Verde, Oaxaca, Mexico, present salt accumulation 
problems in the upper layers. This study evaluated some of their physicochemical characteristics, 
levels and type of salinity. In the dry season soil samples were collected from five randomly established 
profiles. These are alluvial soils at around 2.0 m depth, derived from weathered metamorphic rocks; 
silty loamy to loamy-silt-clay texture, changing to sandy as they approach the sea. The drainage is 
moderate to light in the upper horizons and decreases with depth, whereas the water table is shallow 
(1.8 m) and the pH is slightly alkaline to alkaline. The color varies with the content of organic matter and 
water in each soil. The poor natural drainage, shallow groundwater and irrigation with moderately saline 
waters has produced a gradual process of secondary salinization. The soils are affected in their upper 
layers by a hydrochloride salinity induced by NaCl and Na2SO4, more intense in soil profile four, whose 
electrical conductivity of the saturation extract > 6.0 dS m

-1
 and exchangeable sodium percentage > 

20%, limit the growth and development of cultivated plants. Arenosols show no problems of salinity or 
sodicity. 
 
Key words: Alluvial soils, electrical conductivity, osmotic potential, hydrochloride salinity, sodicity. 

 
 
INTRODUCTION 
 
For thousands of years, the process of secondary 
salinization induced by agricultural irrigation was 
unknown. Nowadays, the development of soil science 
has helped explain the processes and damages of salt 
accumulation due to agricultural irrigation, although 
results are still not satisfactory. Soils affected by salts in 
the world currently encompass 954,832 ha (Szabolcs, 
1994), which stop being productive and cause the 
migration of local population. They in turn open up new 
areas to irrigation which will, in time, become salinized. 
This implies a environmental, economic and social 
damage to countries having this problem. In Mexico, 
irrigated surfaces affected by salts comprise 
approximately 65,000 ha (Ruíz et al., 2007), which are 
declining or have already stopped being productive and 
are beginning to degrade in the face of the  national  food  
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demand. It is therefore necessary to monitor and 
evaluate the salinization processes and to predict their 
behavior, with the intention of establishing a scheme for 
understanding laws and rules of salt accumulation in the 
soils of Irrigation Districts that will help administer 
measures to prevent salinity and rehabilitate affected 
soils. The low-relief of the Río Verde, Oaxaca basin, with 
a warm subhumid climate, rains in the summer, annual 
mean temperature of 27°C and total annual rainfall 
between 800 to 1000 mm (INEGI, 2004), is a discharge 
depression of underground and surface waters, with the 
intrusion of salts due to them being flat grounds next to 
the Pacific Ocean. 

Consequently, in the alluvium by the sea, soils become 
saline and saline-sodic (Ortega and García, 1994). 
However from a chemical standpoint the type of salinity 
that determines the course of the process has not yet 
been established. In this area is Irrigation District 110, 
which contains eutric cambisoils that are affected by a 
secondary salinization process that  reduces  the  growth,  
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Figure 1. Location of the study area. 

 
 

 

development and yield of moderately sensitive saline 
crops such as corn (Zea mays L.), sorghum (Sorghum 
vulgare L.), banana (Musa paradisiaca L.), lemon (Citrus 
limon sp.), mango (Mangìfera ìndica), papaya (Carica 
papaya), melon (Cucumis melo L.), watermelon (Citrullus 
lanatus Thumb) and chili pepper (Capsicum annum L.). 
Ignorance of the laws and regularities that govern the 
accumulation of salts induced by irrigation in this area, 
the lack of practical application of techniques and 
improvements of saline soils in the Irrigation District are 
the cause of this gradual salinity that reduces the 
productive potential of soils and crops. The aim of this 
study was to evaluate the salt accumulation process 
during the dry season of 2008 in the soils of that Irrigation 
District, in order to propose the application of salinity 
control measures for sustainable use such as, the 
lixiviation of salts, establishment of subsurface drainage, 
application of chemical enhancers and/or the use of salt 
tolerant crops. 

 
 
MATERIALS AND METHODS 

 
Area of study 

 
The study was carried out in the fields on the right bank of Irrigation 
District   110,  “Río  Verde”,  next  to  the  town  of   San   José    del 

Progreso, in the Municipal area of Tututepec, Oaxaca, in which the 
central sector specifically was studied in a surface of 25,000 m

2
, 

located between 16° 02’6.7” north and 97° 25’ 32.45” west (Figure 

1), identified as having salinity problems. Climate is warm subhumid 
with rainfall during the summer of less humidity Aw0 (w), annual 
mean temperature is 27.4°C (the coldest month, January, is 25.5°C 
and the hottest, May, 29.4°C); total annual rainfall is 1057.8 mm 
(García, 1973). These fields are located in low lands (150 to 200 m 
asl) with gradual slopes (< 2%) that are a part of the coastal flood 
plain of the Río Verde basin that runs to the sea, whose quaternary 
soils accumulate sediments derived from hydroerosive processes, 

deposited on Paleozoic metamorphic rocks of the Xolapa complex 
(De Scerna,1965). These soils are cambisols eutric (FAO, 1998), 
which present a silty loam to clay loam texture, a massive and sub-
angular block structure, the percentage of silt is below 10%, and 
kaolinite is the main mineral colloid (INEGI, 2004). The soils under 
study maintain a native vegetation of sub-deciduous rainforest in 
conditions of intense disturbance due to deforestation for 
agricultural irrigation of the crops and plantations mentioned earlier, 
and for grasslands for extensive cattle raising; some wastelands 

are also noticeable with halophytic plants and secondary vegetation 
due to antropic activity. 

However, species can still be found such as Bursera simaruba 
(Gumbo-limbo), Lysiloma acapulcense (ebony),Ceiba pentandra 
(kapok), Trichillia havanensis (siguaraya), Brosimum allicastrum 

(breadnut), Aphananthe monoica (palo de armadillo), Enterolobium 

cyclocarpum (guanacastle), Parmentiera aculeata (cuachilote), 
Swietenia humilus (cobano), Hura poliandra (haba de Guatemala), 
Tabebuia rosea (palo de rosa), Vitex mollis (zapotillo), Acacia 

cornígera (cuernitos) and Acacia cochilacanta (palo de cucharitas); 
shrubby    vegetation   is   made  up  of:  Andira  inermis  (cacajo de  



 

 

 
 
 
 
caballo), Spondias sp (Jocote), Acacia cornígera, Cordia alliodora 
(suchicahue), B. simaruba, H. poliandra, Ficus sp (ficus) and E. 

cyclocarpum, which shed their leaves in the dry season. Around 15 
km west of the sampled area runs the Río Verde, which is the main 
water source of this exorheic basin with a dendritic pattern that is 
born in the Sierra Madre del Sur at 2400 m asl, and whose waters 
flow into the Pacific Ocean and drains an area of 7990.5 km

2
, with 

an average volume of 3200 Mm
3 

of water and an average flow of 
135.26 m

3
 s

-1
 (CONAGUA, 2005); its water is used for agriculture, 

cattle and homes. According to INEGI (2004), it is one of the most 
polluted water flows in the state, since it receives the discharges of 
municipal and industrial waters from the Central Valleys of Oaxaca, 
as well as the detritus discharged by the riverside inhabitants 

downstream. The Irrigation District is supplied with these waters to 
irrigate 716 ha on its west side and 2050 ha of its east side. 

 
 
Soil and water sampling and analysis 

 
In the spring time of 2008, soil sampling was conducted. Given the 
homogeneity of the landscape, five profiles were established at 
random using the zigzag method at a distance of 150 m between 

monoliths, following a north-south direction, trying to cover as much 
surface as possible and following the method indicated by Troeh 
and Palmer (1979). In order to describe the distribution of salt in 
each profile, nine soil samples per profile with thickness of 20 cm 
were gathered until a depth of 180 cm where the water table was 
found, therefore forty five soil samples were taken. To better 
provide the physical properties of soils analyzed, humid soil color 
was established using Munsell soil color cards (2000) and through 

absorption wells, was determined the soil hydraulic conductivity 
(USDA, 1985). The samples were carried in labelled bags to the 
Research Lab of the Universidad del Mar and dried in the open air, 
then sifted in 2 mm meshes. Also collected were a total of twelve 
water samples: four from a point called (El Charquito) located in the 
transect Río Verde- Irrigation District; four samples of equal number 
from contiguous irrigation canals to the soil sampling points and 
four samples of equal number from semi-deep wells used for 
irrigation and located along the sampling area. Immediately in 1 L 
polypropylene bottles, previously washed with distilled water; their 
temperature, pH and electric conductivity EC (μS cm

-1
) were 

determined in situ, using a multifunctional apparatus by HANNA 
INSTRUMENTS 

®
 model HI 98129. Soil texture and soil bulk 

density were determined in the lab, using the Bouyoucos 
hydrometer method. 

Soil samples then underwent chemical analysis; aqueous 
extracts were first taken from saturation pastes, with pH and electric 

conductivity EC (dS m
-1

) being determined using a HANNA 
INSTRUMENTS 

®
, model HI98129 multiparameter; osmotic 

potential (Ψπ) was determined with VAPRO WESCOR 
®
 5100 C 

osmometer; the initial contents of salts in soils, by calcinating the 
dry residue at 600 ª C; Ca

2+
 and Mg

2+
 cations, CO3

2-
, HCO3

-
 and Cl

-
 

anions, using the titrimetric method; Na
+
 and K

+
, with flamometry 

(Flamometer L-653) and SO4
2-

 using spectrophotometry (APHA, 
1995). Likewise, the capacity of cationic exchange (CCE) in me 100 
g

-1
 of soils at different depths was determined by lixiviation with 

barium acetate and the exchangeable sodium percentage (ESP) by 
obtaining the sodium adsorption relation (SAR), according to the 
procedure indicated by the Manual 60 of the United Stated Salinity 
Lab (USDA, 1985). Similar determinations were practiced in waters 
collected. The results of the saline profiles were averaged, and their 
standard deviation and variation coefficient were determined. 
Statistical differences were established with a probability of P < 
0.05, for which a variance analysis was carried out using SAS 
(2006).  

In  order  to  predict  the  osmotic  or  toxic  trend   of   the   saline 
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solutions in the soil profiles studied, from its salt concentration (mg 
L

-1
 or ppm), K3 coefficient was determined, where K3 = K2/K1, K1 = 

ppm/EC and K2 = Ψπ/EC, based on the averages of these 
parameters for each profile. Then, using lineal regression a graph 
was made, to compare osmotic potential values obtained as a 
result of multiplying the coefficient K3 for its concentration and 
compared with those obtained by Ramírez et al. (1989).  
 
 
RESULTS  
 

Physical and chemical characterization of the 
irrigation waters 
 

Chemical analysis performed on irrigation water samples 
of the Río Verde indicates that its composition is 
bicarbonated calcic-magnesic, given its flow through 
limestone, which accounts for its alkaline pH ~ 8.5 (Table 
1). In the rainy season, they display lower salinity (~250 
μS cm

-1
) due to the dilution of the solution (INEGI, 2004); 

in the dry season, an increase in salinity was found, their 
EC average was 440 μS cm

-1
. Water samples taken from 

irrigation canals were too bicarbonate calcic and with a 
low presence of salts (~356.5 µS cm

-1
), this is logical 

because both waters are from the same source, for which 
there is no significant difference between them, the 
values correspond to a low salinity with SAR < 1.0 (mmolc 
L

-1
)
1/2

, so its use does not imply risk of salinity or sodicity 
in the soils (Ayers and Westcot, 1987). In contrast semi 
deep well waters have a moderate salt concentration (EC 
= 814 µS cm

- 1
 equivalent to 606 mg L

-1
 in CDR) and SAR 

around 2.0 (mmolc L
-1

)
1/2

 and as a consequence, these 
waters are significantly different and are classified for 
irrigation purpose as C1-S1 or with slight use restrictions 
(USDA, 1985). However, according to their effective 
salinity rates reported by Coras (2000), surface irrigation 
waters are good quality, since its index is < 3.0; while the 
well waters have some restriction of use for irrigation as 
this index > 3.0. 

Also, the SAR values of these waters indicate a 
progressive risk of sodicity in time, as shown in Figure 2 
on the soil profile 4, as present disaggregation, destruct-
tion of organic matter by alkaline hydrolysis, crusting, 
impermeability and anaerobic conditions, characteristic of 
a saline-sodium typo-genesis. In this regard, Malcom 
(1993) and Velazquez et al. (2002) indicate that the 
colloidal dispersion processes by exchangeable sodium 
in soils start with SAR values ≥ 1. Thus, the use of these 
waters well for irrigation in the study area should be 
restricted. 
 
 

Physical and chemical characterization of the soils 
 

Horizons identified in the vertical down anisotropic field 
analysis of soil monoliths are shown in Figure 3.  
 

Texture: The texture  of  the  soils  analyzed  is  variable, 
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Table 1. Chemical composition of water from the irrigation canals and semi- deep well of the irrigation district Río Verde, Oaxaca. 
 

Parameter 

Identification of samples 

Río Verde (El Charquito) 
Irrigation canals (La Escondida) 

(Pastoria Dam) 
Semi-deep well waters 

pH  8.5 8.03 8.52 

Ψπ* MPa - 0.014 - 0.012 - 0.029 

EC ** µS cm
-1
 440.0 a

1
 356.5 a

1
 814.0 ab*

1
 

EDR *** mg L
-1

 336 312 606 

CDR
****

 mg L
-1

 266 a
2
 238 a

2
 506 ab*

2
 

     

SA R
†
 

𝑁𝑎+

 𝐶𝑎
+++𝑀𝑔++

2

2

 [mmolc L
-1
]
1/2

 0.79 0.85 2.00 

     

Anions     

CO3
2- 

mmolc L
-1

 0.14 0.16 0.18 

HCO3
1- 

mmolc L
-1
 2.50 1.82 5.34 

Cl
1- 

mmolc L
-1

 0.12 0.15 1.84 

SO4
2- 

mmolc L
-1
 0.94 0.90 0.62 

Total  3.70 3.03 7.98 

     

Cations     

Ca
2+ 

mmolc L
-1
 0.60 0.57 0.20 

Mg
2+ 

mmolc L
-1
 1.22 1.19 2.23 

Na
1+ 

mmolc L
-1

 1.08 1.13 3.12 

K
1+ 

mmolc L
-1

 0.25 0.16 0.18 

Total  3.15 3.05 5.73 

     

ES
††

 

∑cationes-(Ca
2+

+Mg
2+

) 
mmolc L

-1
 1.33 1.29 3.30 

     

PS
§
 

𝐶𝑙1− +
1

2
 𝑆𝑂4

2−  
mmolc L

-1
 0.58 0.58 1.45 

 

*Ψπ = osmotic potential; **EC= electrical conductivity; *** EDR= dry residue evaporated;**** dry residue Calcined; 
†
sodium adsorption ratio; 

††
 effective 

salinity index; 
§
 potential salinity index. 

1
Test of means between irrigation waters for the variable EC. 

2
 Test of means between irrigation waters for the 

variable CDR (*) Significance (Duncan, 0.05). Means with the same letter are not significantly different.  

 
 
 

and therefore the soils are heterogeneous.  
 
Profile 1 location: 16° 09’ 39.9” north and 97° 44’ 0.3” 
west. Horizon A presents a silt loam and loamy texture 
that favors agricultural practices. Horizon B presents a 
damaged structure that favors waterlogging and 
anaerobiosis. In the upper horizon the formation of salt 
crusting is evident causing sealing by dispersion of silt 
induced by the alkaline-sodic irrigation waters that enter 
the system. Also, present accumulation of salts in the 
surface due capillary rise of phreatic water in contact with 
irrigation water and its excessive evaporation. The 
description corresponds to an alluvial cambisole of a 
saline typogenesis, since it is very possible that  the  soils 

become solonchak, due to their likelihood to accumulate 
salts in the upper horizons. 
 
Profile 2 location: 16° 05’ 15.0’’ north and 97° 41’ 33.8” 
west. Its texture changes to silty in the superficial 0 to 60 
cm to silty loam up to a depth of 180 cm. This potent thick 
layer of sediments favors agricultural practices, limited by 
the salty conditions of the system. Indeed, it is an alluvial 
cambisole, with upper and middle horizons that accumu-
late salts; the argillic horizon present impermeability and 
anaerobic conditions. 
 
Profile 3 location: 16° 01’ 52.5” north and 97° 42’ 29.7” 
west. These soils present an average sandy loam texture  
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Figure 2. Saline-sodium typo genesis on the soil profile 4, irrigated with well 

waters in the area of study. 

 
 
 
and are adequate for agriculture; they have an adequate 
ventilation and hydraulic conductivity, supported by 
irrigation, although the basic cations Ca

2+
, Mg

2+
, Na

+
 and 

K
+
 are easily leached. They therefore have a scarce 

nutritional offer. This is an arenosol with a tannon horizon 
that presents an accentuated organic-mineral matrix, 
underneath which is a potent arenon horizon; the soil 
requires corrections to avoid its degradation due to 
agricultural use. 

 
Profile 4 location: 16° 03’ 33.9” north and 97° 41’ 14.6” 
west. It has a silty clay texture, the presence of silt and 
organic matter in the upper horizons indicate some offer 
nutritional; the isotropic modon subhorizon is an olive 
gray color, followed by a dark grey zolon subhorizon 
underneath, which is a horizon sesquioxides of iron and 
aluminium in contact with the water table. The mixture of 
irrigation and underground water rises by capillarity, 
salinizing and sodifying the upper and intermediate 
horizons of the ground, which explains the pH values and 
electrical conductivity determined in this study. The main 
salt found was sodium sulfate (Na2SO4), easily leached in 
the dry season, but easily hydrated in the rainy season 
(Szabolcs, 1994), which causes waterlogging, along with 
the silty colloidal dispersion and deficient hydraulic 
conductivity, both of which limit the growth and 
development of corn, sorghum, chili and papaya 
plantations; beneath the sesquon is a horizon gleyson. 

  
Profile 5 location: 16° 02’ 6.7” north and 97° 41’ 14.65” 
west. Its texture is sandy, with a low content of organic 
matter and an intense leaching of basic cations; the 
characteristic horizon is  a  potent  arenon  about  120 cm 

thick; these soils are adequate for agriculture, yet require 
organic corrections in order to increase their fertility.  
 
 
Color 
 

Profile one: Depth 0 to 60 cm has a color 7.5 YR 3/1 
dark gray, denoting processes of leaching of basic 
cations and waterlogging, derived from the colloidal 
dispersion in sub-horizon Oa and horizon B (elluvial). In 
the stage 60 to 180 cm, the color is 10YR 4/3 brown, and 
indicates the presence of Fe2O3 due to precipitation and 
accumulation in the illuvial horizon. 
 

Profile two: The thickness 0 to 60 cm has a color 10YR 
3/2 very dark grayish brown resulting from the presence 
of humic subhorizon below wich is presented a elluvial 
horizon by precipitation of iron and aluminum hydroxides, 
with color 10YR ¾ dark yellowish brown. 
 

Profile three: Depth 0 to 60 cm has a color 10YR 2/2-4/2 
very dark brown; sub-horizons Oi y Oa can be 
distinguished, followed by an elluvial transition horizon 
with the filtration of humic acids, precipitation of silts, 
Fe2O3, and basic cations, colored 10YR 4/6-4/4 dark 
yellowish-brown in depth 60 to 100 cm and an illuvial 
sub-horizon from 100 to 160 cm colored 2.5Y 5/4 light 
olive brown, subjected to reduction processes and the 
loss of basic cations. 
 

Profile four: The stage 0 to 40 cm presents a color 5Y 
3/2 olive gray that indicates problems of waterlogging and 
anaerobiosis because of the destruction of soil structure it 
tends to crust, a phenomenon linked  to  the  ESP  values  
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Figure 3. General morphology of the horizons of profiles 1, 2, 

and 4. a) Sub-horizon Oi of fresh organic matter that, due to 
high temperature and relative humidity is rapidly weathered, 
producing a a thin and loose depth. Oa is a humic modon with 
a grayish colored isotropic matrix. b) Transitional and elluvial 
depth, with an intense loss of silt, bases and iron and 
aluminum hydroxides; its color goes from yellowish-brown to 
very dark yellowish-brown. According to FitzPatrick (1992), it is 
a cambic horizon modified by the contribution of organic matter 
and fertilizers used in cultivations. In some cases, it is an 
anaerobial horizon in the gray scales. c) Potent illuvial argillic 
horizon of the accumulation of silt and secondary minerals; 

made up of kaolinite, goethite, gibbsite and other residues 
formed in the tertiary in humid tropic conditions (De Scerna, 
1965). Its depth is approximately 2.0 m and its color is 
brownish. d) Horizon of chemically weathered rock e) Mother 
Rock. Represented by granitic gneiss. 

 
 
 

obtained, most evident in the stage 60 to 80 cm, where a 
color 5Y 4/1 dark gray can be seen.  This  is  followed  by  

 
 
 
 
an illuvial horizon in depth 80 to 140 cm colored 2.5Y 4/3 
olive brown from the accumulation of iron hydroxides. 
 
Profile five: Shows a color in the depth 0 to 140 cm 
which goes from 2.5 Y 5/6 to 2.5 Y 4/3 light olive brown to 
olive brown, indicating a ventilated soil with scarce 
contents of organic matter and basic cations. 
 
 
Bulk density and infiltration rate 
 
For profiles 1, 2 and 4, the bulk density was determined 
as 1.67 g cm

-3
, a value according to Warrence et al. 

(2003), hinders the growth and development of cultivated 
plants, while for profiles 3 and 5, this density was 
determined at 1.28 g cm

-3
, which relates to 

its sandy textural character. Regarding the rate of water 
infiltration into the ground, this was less than 0.5 cm h

-1
 

for profiles 1, 2 and 4, indicating a poor natural drainage, 
poor hydraulic conductivity and excessive accumulation 
of water associated with the rise of the water 
table during the wet season, conditions conducive to an 
anaerobic environment on the ground. Meanwhile, the 
rate of water infiltration into the profiles 3 and 5 was of 
2.0 cm h

-1,
 which is due to its sandy textural character. 

 
 
Organic matter  
 
The profile with the greatest content of organic matter 
was profile four, with 5% in depth 0 to 60 cm, followed by 
profiles one and two, with 4% organic matter in the upper 
horizons, whereas profiles three and five had the lowest 
content, with 3%. This content decreases with depth in all 
cases. 
 
 
pH  
 
Soils from profiles one, two and four display an alkaline 
pH, whereas the pH for profiles three and five was slightly 
acid. 
 
 

Electrical conductivity  
 
The determinations of EC and the statistical inference 
indicate that the concentration of salts is greater in the 
upper horizon of soil profiles one, two and four, and 
specifically in depth 0 to 40 cm, where averages of 3.39, 
4.48 and 6.45 dS m

-1
 were found, respectively. This 

salinity remains in the first profile up to a depth of 100 
cm, while in profile two, salinity is significant in depth 0 to 
100 cm and drops gradually as depth increases. On the 
other hand, profile four presents the highest salinity 
levels, hence showing a statistical difference with the 
other profiles; soil depth 0 to 40 cm presents  a  statistical  



 

 

 
 
 
 
difference with the other depths considering its higher salt 
concentration. In the remaining depths, salinity is slight, 
with no significant difference.  

Profile three presents an average EC in depth 0 to 40 
cm of 2.40 dSm

-1
, which is significant in comparison to 

the rest of soil depths, yet it cannot be said that it is 
affected by salts, due to the low concentrations; in profile 
five, its diverse horizons present average EC values 
below 1 dS m

-1
, which are not significant, and this soil 

can therefore be considered free of salinity problems 
(USDA, 1985). 

 
 
Capability of cationic exchange 
 
In profiles one and two, this capability increases from the 
shallower depth to the middle horizons, indicating 
displacement and accumulation of silts, to then drop in 
the lower depths; however, CCE is low, since it is, on 
average 8.44 me 100 g

-1
 of soil for profile one and 8.86 

me 100 g
-1

 of soil for profile two. On the other hand, in 
profile three, CCE is very low (1.09 me 100 g

-1
 of soil) 

that continues to lower as the depth reaches 1.80 m. In 
profile four, CCE reaches average values of 85.51 me 
100 g

-1
 of soil in depth 0 to 100 cm, which is considered 

high, and an average of 27.5 me 100 g
-1

 of soil in the 
lower part of Horizon B (depth 120 to 180 cm), indicating 
a greater content of silt and organic matter than the 
previous ones. The CCE in this case presents a reducing 
tendency as depth increases. On the other hand, profile 
five displays very low CCE values that in the 0 to 120 cm 
interval, fluctuates between 2.57 me 100 g

-1
 of soil and 

1.04 me 100 g
-1

 of soil, which shows its sandy texture 
(Table 2). 

 
 
Exchangeable sodium percentage 
 
In soil profiles one and two, the ESP is lower than 8, for 
Mace and Amrhein (2001), these values indicate low-
intensity colloidal dispersion processes by the sodium ion 
of the soil solution; however according to Oster and 
Schroer (1979) are enough to induce adverse changes in 
properties as important as permeability and hydraulic 
conductivity, whose reduction favors the accumulation of 
salts in the upper horizons. In profile one, this percentage 
increases slightly with the depth of 100 to 180 cm. For 
profile four, the ESP presents values of over 15, mostly in 
depth 0 to 100 cm; according to the findings by 
Velázquez et al. (2002), these values indicate that the 
soil is subjected to processes of alkaline hydrolysis and 
the destruction of the colloidal system, inducing 
impermeability, deficient hydraulic conductivity, 
anaerobiosis and sulfate reduction, which explains the 
color of these depths due to waterlogging, a phenomenon 
typical of sodic  typogenesis  (Szabolcs,  1994).  The  low  
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percentages of exchangeable sodium in profiles three 
and five, has no repercussions on colloidal dispersion 
processes, since the soil is sandy. 

 
 
Base saturation percentage 
 
The exchange complex was determined to have a high 
saturation of bases in profiles one, two and four, since 
the averages were 50.8, 73.2 and 70.82%, respectively; 
and therefore it is considered high; in all three cases the 
main exchangeable cation was Ca

2+
. In profiles three and 

five this percentage was moderately low. 
 
 
Osmotic potential  
 
The values for Ψπ determined in the saturation extracts 
for each saline profile indicate that only in the upper 
depths of profiles one, two and four, at a depth of 0 to 80 
cm, is there a decrease in the chemical activity of the 
water due to the presence of salts in solution (-0.115,-
0.137 and -0.187 MPa) after which the osmotic potential 
was less negative, which coincides with a decrease in the 
electrolytic concentration in the underlying depths (Table 
3). In contrast, the values of osmotic potential of the 
saturation extracts of profiles three and five do not 
indicate any restrictions of the chemical activity in the 
water, since there are no saline depths presented. The 
osmotic effect of the different types of pure salts and of 
qualitative salinities in the soil solution and in some crops 
has been explained by Strogonov (1964), Maas (1985), 
Levy (1994), and Sánchez et al. (2003, 2008). 

Moreover, the determination of coefficient K3, resulting 
from clearing the parameter Ψπ = K3· {RSC}, where K3 = 
K2/K1; K1 = ppm/EC and K2 = Ψπ/EC, as well as the 
calculation of its linear regression, produced the results 
indicated in Table 4. The equations predict that 
depending on the type of salt or salinity, there is a 
differential response of the reduction of the osmotic 
potential of the saline solutions, which is more intense in 
the soil solutions moderately saline of profiles four and 
two and less so in profiles one, three and five that are; 
however, values located in the spectrum of osmotic 
potentials generated by saline solutions in which NaCl 
predominates, and that reduce the water availability for 
plants and cause physiological drought (Strogonov, 
1964); similar results for hydrochloric salinity were 
obtained by Sánchez et al. (2008). 

 
 
DISCUSSION 
 
The eutric cambisoils of the area studied have an 
average organic matter content about 4% in the upper 
horizon, this content  is  inversely  proportional  to  depth,  
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Table 2. Electrolytic concentration and others chemical parameters determined in soil saturation extracts of the profiles analyzed.  

 

Profile Depth (cm) 
 Anions (me 100 g

-1
 of soil)  

Total 
 Cations (me 100 g

-1
 of soil)  

Total CCE
1
 

CBC
2
 ESP

3
 

SAR
4
 

CO3
-2
 HCO3

-1
 Cl

-1
 SO4

-2
 Ca

2+
 Mg

2+
 Na

+1
 K

+1
 % % 

1 0-20  0.00 0.11 0.18 0.28  0.58  0.19 0.14 0.17 0.03  0.54 7.30 73.97 1.25 1.71 

 20-40  0.00 0.10 0.18 0.42  0.71  0.21 0.11 0.30 0.05  0.70 13.07 69.29 3.20 3.09 

 40-60  0.00 0.12 0.41 0.84  1.38  0.18 0.06 0.31 0.05  0.62 13.05 67.89 3.89 3.60 

 60-80  0.00 0.33 0.69 0.53  1.56  0.11 0.11 0.35 0.02  0.61 10.30 59.26 3.91 3.61 

 80-100  0.00 0.34 0.59 0.91  1.84  0.10 0.07 0.29 0.01  0.48 7.92 57.16 3.37 3.22 

 100-120  0.00 0.39 0.39 0.94  1.73  0.01 0.01 0.24 0.01  0.28 6.10 67.72 7.43 6.30 

 120-140  0.00 0.42 0.21 0.10  0.74  0.01 0.01 0.22 0.00  0.25 6.52 65.87 7.98 6.74 

 140-160  0.00 0.39 0.11 0.09  0.59  0.01 0.00 0.18 0.00  0.21 6.23 64.51 7.88 6.65 

 160-180  0.00 0.43 0.07 0.07  0.58  0.01 0.01 0.16 0.00  0.19 5.52 64.47 6.93 5.90 

                    

2 0-20  0.00 0.06 3.15 0.46  3.68  0.39 0.32 4.06 0.99  5.78 13.01 74.24 8.03 6.78 

 20-40  0.00 0.04 2.39 0.40  2.83  0.41 0.22 4.49 0.74  5.88 12.26 77.91 9.48 7.96 

 40-60  0.00 0.03 1.75 0.10  1.88  0.21 0.17 5.16 0.34  5.90 10.54 76.56 3.71 11.63 

 60-80  0.00 0.02 1.18 0.12  1.32  0.12 0.11 3.61 0.25  4.10 9.87 71.56 2.62 10.64 

 80-100  0.00 0.02 0.88 0.13  1.04  0.12 0.11 3.91 0.28  4.44 8.81 86.85 13.18 11.15 

 100-120  0.00 0.02 0.72 0.13  0.87  0.08 0.08 2.52 0.24  2.94 8.57 84.74 11.41 9.59 

 120-140  0.00 0.01 0.65 0.09  0.75  0.06 0.05 2.72 0.21  3.06 8.42 71.33 13.22 11.18 

 140-160  0.00 0.01 0.60 0.06  0.67  0.06 0.04 2.38 0.18  2.68 8.05 68.01 12.06 10.15 

 160-180  0.00 0.01 0.43 0.05  0.49  0.04 0.03 1.75 0.18  2.01 7.26 68.25 10.56 8.86 

                    

3 0-20  0.00 0.04 0.23 1.74  2.02  0.19 0.12 0.89 0.31  1.52 9.22 68.82 1.97 2.21 

 20-40  0.00 0.02 0.13 1.31  1.46  0.09 0.12 0.79 0.19  1.21 8.99 60.65 2.26 2.42 

 40-60  0.00 0.02 0.12 0.93  1.07  0.04 0.02 0.66 0.26  0.99 8.66 60.00 3.90 3.60 

 60-80  0.00 0.02 0.11 0.86  0.99  0.02 0.01 0.36 0.22  0.62 7.90 69.69 2.35 2.49 

 80-100  0.00 0.01 0.09 0.71  0.82  0.01 0.01 0.26 0.19  0.49 7.67 64.05 1.79 2.09 

 100-120  0.00 0.01 0.09 0.60  0.70  0.02 0.01 0.31 0.19  0.54 6.78 59.80 1.97 2.22 

 120-140  0.00 0.00 0.07 0.38  0.47  0.02 0.01 0.18 0.17  0.40 6.46 57.01 0.61 1.27 

 140-160  0.00 0.00 0.05 0.38  0.43  0.01 0.01 0.24 0.15  0.43 5.60 57.78 1.50 1.89 

 160-180  0.00 0.00 0.05 0.38  0.43  0.02 0.01 0.23 0.16  0.43 4.59 54.06 1.18 1.66 

                    

4 0-20  0.00 0.05 12.48 0.92  13.45  1.47 4.24 43.63 0.71  50.06 39.90 78.58 26.91 25.82 

 20-40  0.00 0.04 10.68 2.87  13.60  1.27 3.96 31.42 0.34  37.00 38.56 77.09 21.49 19.42 

 40-60  0.00 0.04 8.21 7.51  15.76  1.21 3.59 29.76 0.37  34.56 34.41 76.44 21.30 19.21 

 60-80  0.00 0.03 10.92 6.44  17.39  1.08 3.10 30.76 0.20  35.15 36.92 75.69 23.13 21.26 

 80-100  0.00 0.03 11.36 3.18  14.57  1.07 3.14 29.43 0.18  33.73 33.58 75.84 22.27 20.28 
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 100-120  0.00 0.02 10.96 3.02  14.00  1.00 3.62 10.09 0.17  14.89 35.24 68.99 7.86 6.64 

 120-140  0.00 0.02 11.33 2.15  13.51  1.23 3.59 12.15 0.14  17.11 35.37 66.33 9.32 7.82 

 140-160  0.00 0.02 10.21 3.37  13.60  0.91 2.84 11.34 0.09  15.19 38.36 60.00 9.87 8.28 

 160-180  0.00 0.02 9.47 3.17  12.66  1.20 2.35 10.41 0.08  14.04 56.03 63.93 9.311 7.81 

                    

5 0-20  0.00 0.02 0.06 0.04  0.14  0.01 0.01 0.04 0.00  0.08 8.57 66.23 1.18 1.66 

 20-40  0.00 0.02 0.06 0.03  0.12  0.02 0.02 0.05 0.00  0.11 8.44 65.72 1.34 1.78 

 40-60  0.00 0.02 0.06 0.00  0.09  0.04 0.01 0.02 0.00  0.08 8.15 70.37 -0.30 0.65 

 60-80  0.00 0.01 0.06 0.00  0.08  0.05 0.01 0.01 0.00  0.08 7.94 63.78 -0.50 0.51 

 80-100  0.00 0.01 0.06 0.00  0.07  0.04 0.03 0.01 0.00  0.09 7.61 63.19 -0.80 0.31 

 100-120  0.00 0.00 0.05 0.00  0.07  0.03 0.02 0.01 0.00  0.07 7.04 52.89 -0.37 0.60 

 120-140  0.00 0.00 0.04 0.00  0.06  0.02 0.03 0.01 0.00  0.08 7.02 52.96 -0.45 0.54 

 140-160  0.00 0.00 0.03 0.00  0.04  0.01 0.02 0.01 0.00  0.04 6.90 52.30 -0.32 0.63 

 160-180  0.00 0.00 0.02 0.00  0.04  0.01 0.01 0.01 0.00  0.03 6.50 52.43 -0.76 0.34 
 

* 1 CCE: Cationic capacity exchange (me 100g
-1

 of soil); 2 CBC: capability of base changes (%); ESP= exchangeable sodium percentage(%); RAS = sodium adsorption ratio [mmolc L
-1

]
1/2

. 

 
 
 

Table 3. Salinity solutions of the soil profiles analyzed and their parameters ec, ph and osmotic potential.  
 

Profile Depth (cm) 
EC measured 

(dS m
-1

) 
pH 

Ψπ 

(MPa) 

Concentration 

(mg L
-1

) 

 Statistical parameters (profile salinity). 

EC (dS m
-1
) Concentration (mg L

-1
) 

1 0-20 3.74 a*
2
 8.48 -0.134 2369    

BA
1
 20-40 3.04 a* 8.58 -0.109 1875    

 40-60 2.85 a* 8.49 -0.102 1800  µ1= 2.20 µ2= 1372.66 

 60-80 3.25 a* 8.30 -0.117 2034  S1= 1.08 S2 = 68.27 

 80-100 2.32 a* 8.48 -0.083 1363  C.V.= 0.49 C.V. = 0.49 

 100-120 1.75 ba* 8.54 -0.063 1114    

 120-140 1.04 b 8.63 -0.037 652    

 140-160 0.89 b 8.27 -0.028 567    

 160-180 0.93 b 8.48 -0.033 580    
         

2 0-20 4.49 a* 7.93 -0.161 2873    

BA 
1
 20-40 4.48 a* 8.00 -0.161 2867    

 40-60 3.33 a* 8.26 -0.119 2131  µ1 = 2.74 µ2 = 1757.55 

 60-80 3.04 a* 8.35 -0.109 1945  S1 = 1.22 S2 = 786.04 
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 80-100 2.91 a* 8.43 -0.104 1862  C.V. = 0.44 C.V. = 0.44 

 100-120 2.18 ba 8.03 -0.078 1395    

 120-140 1.61 b 7.30 -0.057 1030    

 140-160 1.38 b 7.13 -0.049 883    

 160-180 1.30 b 7.90 -0.046 832    
         

3 0-20 3.13 a* 6.0 -0.112 2000    

BC 
1
 20-40 1.68 a* 6.2 -0.050 1052    

 40-60 0.70 ba 6.2 -0.025 468  µ1 = 0.90 µ2 = 580.55 

 60-80 0.37 ba 5.0 -0.013 256  S1 = 0.93 S2 = 596.05 

 80-100 0.47 ba 5.2 -0.016 298  C.V. = 1.03 C.V. = 1.02 

 100-120 0.80 ba 6.2 -0.028 506    

 120-140 0.30 ba 5.4 -0.010 192    

 140-160 0.35 ba 5.6 -0.012 220    

 160-180 0.38 ba 5.8 -0.013 233    
         

4 0-20 6.5 a* 7.4 -0.234 4148    

A 
1
 20-40 6.4 a* 7.7 -0.230 4084    

 40-60 4.0 ba 7.8 -0.145 2796  µ1 = 4.48 µ2 = 2825.88 

 60-80 4.0 ba 7.9 -0.139 2508  S1 = 1.11 S2 = 744.63 

 80-100 3.9 ba 8.0 -0.135 2400  C.V. = 0.24 C.V. = 0.26 

 100-120 3.9 ba 8.5 -0.137 2363    

 120-140 3.9 ba 7.3 -0.137 2320    

 140-160 3.9 ba 7.8 -0.136 2424    

 160-180 3.9 ba 7.5 -0.135 2390    
         

5 0-20 1.86 a 7.1 -0.070 1190    

BC 
1
 20-40 1.79 a 7.3 -0.062 1142    

 40-60 0.59 a 7.2 -0.020 380  µ1= 0.72 µ2 = 466.44 

 60-80 0.53 a 6.9 -0.019 339  σ1 = 0.63 σ2 = 402.32 

 80-100 0.49 a 7.2 -0.015 316  C.V. = 0.87 C.V. = 0.86 

 100-120 0.36 a 6.9 -0.013 232    

 120-140 0.32 a 6.8 -0.010 210    

 140-160 0.30 a 6.8 -0.008 195    

 160-180 0.30 a 6.5 -0.008 194    
 
1
Test of means between soil profiles for the variable of electrical conductivity of the soil solution. 

2
 Test of means between depths for the variable of electrical 

conductivity of the soil solution. (*) Significance (Duncan, 0.05). Note: means with the same letter are not significantly different. 
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Table 4. Coefficients K3 of prediction of osmotic potential generated by the saline solutions of the profiles analyzed, according to their 
concentration (mg L

-1
) and the comparison with models determined by Ramírez et al. (1987). 

 

Type of salt or salinity 
Experimental coefficient 

K3=K2/K1 

Coefficients K’3=K2/K1, 

Result of linear regression 
Equation: Y = A + Bx 

MgSO4·7H2O -1.296×10
-4 

(*) -1.309×10
-4
 Y = 1.785×10

-5
 + (-1.308×10

-5
)(x) 

Na2SO4·10H2O -1.889×10
-4

 (*) -1.919×10
-4
 Y = 0.034 + (-1.936×10

-5
) (x) 

Five qualitative salinities -3.457×10
-4

 (*) -3.491×10
-4
 Y = -1.428×10

-3
 + (-3.491×10

-5
) (x) 

Six pure simple salts -3.472×10
-4

 (*) -3.507×10
-4
 Y = 0.265+(-3.66×10

-5
) (x) 

Saline solutions of Manual 60 -5.625×10
-4

 (*) -5.681×10
-4
 Y = 0 +(-5.681×10

-5
) (x) 

NaCl -6.926×10
-4

 (*) -7.032×10
-4
 Y = 0+ (-7.032×10

-5
) (x) 

 Saline solutions of profile 1 -5.636 ×10
-5

 -5.636 ×10
-5

 Y = 1.574×10
-7

 + (-5.624×10
-5
) (x) 

 Saline solutions of profile 2 -5.578×10
-5
 -5.577×10

-5
 Y = 4.253×10

-10
+ (-5.577×10

-5
) (x) 

Saline solutions of profile 3 -5.364x10
-5

 -5.322x10
-5

 Y = -0.017+ (-5.378×10
-6
) (x) 

Saline solutions of profile 4 -5.613×10
-5
 -5.613×10

-5
 Y = -1.810×10

-5
+ (-5.617×10

-5
) (x) 

Saline solutions of profile 5 -5.054x10
-5

 -5.054x10
-5

 Y = -1.011×10
-4

+ (-5.011×10
-5
) (x) 

 

(*) Coefficients determined by Ramírez et al. (1989). 

 
 
 
indicating good nutritional supply in the thickness of soil 
where the roots of cultivated plants grow. However the 
capability of cationic exchange is low in profiles one and 
two (less than 10 me 100 g

-1
 of soil), whereas the 

average for profile four is high (58.06 me 100 g
-1

 of soil) 
which responds to content of silt that accumulate in the 
illuvial B horizon by translocation and deposition of 
sediments (FitzPatrick, 1984). The capability of base 
saturation is high (over 50%) and the main exchangeable 
ion is Ca

2+
; its pH is alkaline, since the average for the 

different depths is 8 to 8.5, which responds to the 
recharge of the soil solution with basic cations essentially 
Ca

2+ 
and Mg

2+
 coming from the limestone rocks 

weathered by the runoff of the basin. The ESP in profiles 
one and two is lower than 8%, making possible the 
presence of slight colloidal dispersion processes. 
Regarding this phenomenon, Malcom (1993), noted in his 
research with sodic soils in Australia that the 
deflocculation of soil particles can start with ESP values ≥ 
1%. For profile four this percentage is > 15%, there are a 
lot of exchange sites on the colloidal micelle that are 
occupied by NaX, this explain why these soils present 
disaggregation, destruction of organic matter and 
formation of salt crusts that prevent seed germination and 
emergence of seedlings grown. Similar characteristics 
were reported by Velazquez et al. (2002) and Can et al. 
(2008) in soils from Mezquital Valley, Hidalgo, Mexico 
affected by salts and sodium with ESP values > 15% 
induced by high values of SAR of irrigation waste water. 
According to Palacios and Gama (1994) and Mace and 
Amrhein (2001), the phenomenon is peculiar to saline-
sodic typogenesis. 

In the study area are common saline patches with 
these characteristics. In relation to the evaluation of 
salinity, it was determined that the soils found in the 
central area of the irrigation district are affected by salts 
in levels that vary between slight salinity  (profile  one)  to 

moderate salinity (profiles two and four). Salinity in the 
dry season tends to concentrate in the upper depths of 
the soil, and especially in the first 40 cm, where there are 
plant roots present. Regarding the determinations of EC 
of the extracts of saturation of such depths, average 
values are 3.39, 4.48 and 6.40 dS m

-1
 respectively, which 

according to Maas (1985), correspond to salt 
concentrations that have an adverse effect on the growth, 
development and yield of crops such as sorghum for 
forage and corn, since these conditions form small plants, 
which is most notorious in areas with saline spots (Figure 
4). This corresponds with reports by Strogonov (1964) 
and Sánchez et al. (2008), who point out that in saline 
soils the growth and development of planted crops is 
considerably delayed; higher salinity, greater growth 
inhibition, and, as a consequence, dwarf plants are 
formed with low yields and poor production quality. 

Saline dynamics present in these soils is influenced by 
a deficient natural drainage that along with its silt- loam 
and clay -loam texture, induce low permeability, a 
deficient hydraulic conductivity (< 0.5 cm h

-1
) and 

excessive accumulation of water, favored by the rise of 
the water table during the rainy season, with the 
consequent waterlogging and the periodical establish-
ment of anaerobic and reduction conditions. A shallow 
water table (1.80 m), with moderately concentrated 
salinity waters (814 µS cm

-1
) that come in contact with the 

calcic bicarbonated irrigation waters of low electrolytic 
concentration (356 µS cm

-1
) that filter through the soil 

profile, becoming saline, so that when this solution rises 
by capillarity and later evaporates, mineral salts are 
accumulated on the surface and salt crusts are formed. 
The annual repetition moisture - drought cycle leads the 
accumulation of considerable amounts of salts that 
concentrate in the water fluctuation area, but not in the 
saturation area, which explains why the saline distribution 
pattern   tends   to   be  highest  on  the  surface.  Salinity 
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Figure 4. Saline stains in the central area of irrigation district 110 (Profile 4). 

 
 
 

increases gradually due to irrigation with moderately 
saline water of semi deep wells affected by saltwater 
intrusion and the absence of artificial drainage, which 
generates a secondary salinization that limit the growth 
and development of crops planted in the Irrigation 
District. Regularity in this process has been described 
satisfactorily by Kovda (1977), Szabolcs (1989), Ritzema 
et al. (2008) and Mercado et al. (2011) in salt affected 
soils from Russia, Hungary, India and Colombia, 
respectively. 

The predominant ionic relations in the saturation 
extracts, obtained from the chemical analysis perfomed 
revealed that the predominant salts in these soils (profiles 
one, two and four) are NaCl and Na2SO4. NaCl is a 
constant component salt in saline soils, its high solubility 
(264 g L

-1
) determines their potential toxic and osmotic 

stress in susceptible plants to salinity conditions 
(Bernstein, 1964; Flowers, 1999), and this solubility does 
not vary with temperature. Na2SO4 is part of sea water, 
underground water and salty lakes. It is formed as a 
product of weathering; its solubility is 280 g L

-1
 at 25°C, 

but can vary with temperature, which is important for its 
leaching, since in conditions of drought and high 
temperatures, it is found as (Na2SO4) which is the 
leachable form, whereas under rainy conditions and with 
low temperatures it is found as mirabilite (Na2SO4·10H2O) 
which induces physiological dryness (Strogonov, 1964; 
Sánchez et al., 2008). Based on these ionic relations it 
was determined that the relation Cl

-
/SO4

2-
 is higher than 

2.0, therefore, according to Arinushkina’s Chemical 
Analysis Manual, cited by Kovda (1977), the type of 
salinity is hydrochloric. The effects of this salinity on 
greenhouse  crops  and  in  field  conditions   have   been 

reported by scientists such as Bernstein (1964) in sugar 
beet (Beta vulgaris L.), corn, sorghum, rice (Oryza sativa 
L.), bean (Phaseolus vulgaris L.) and others; Strogonov 
(1964) in tomato, barley (Hordeum vulgare L.), wheat 
(Triticum aestivum L.) and cotton (Gossipium hirsutum 
L.); Levy (1992) in potato cultivars; Sanchez et al. ( 2008) 
and Sánchez and Ortega (2011) in potato plants and 
tubers, who suggest that both salts induce the following 
characteristics on the soil: 
 
a) A drop in the Ψπ of the soil solution, which produce 
physiological dryness and caustic effects on the 
meristematic tissues of the plants; 
b) Excessive concentration of specific ions in the soil 
solution that produces toxic effects on the plants 
organisms, 
c) Ionic antagonism and unavailability of nutrients for 
plants, and 
d) An excess of Na

+
 ions that induce alkaline hydrolysis 

processes and colloidal dispersion in the soils. 
 
Consequently, the growth, development and accumu-
lation of dry matter in plants are reduced considerably, 
which was observed in the study area with forage 
sorghum plants classified by Maas (1985) as moderately 
tolerant to this type of salinity, that display a visible delay 
in growth caused by salt stress in the upper soil 
thickness; in contrast, sorghum plants next to salt stains 
display greater growth (Figure 4). In this regard, the 
saline-sodium effect is more intense in the soils from 
profile four, continuously irrigated with semi deep well 
waters of moderately saline concentration (EC = 814 μS 
cm

-1
)   that   promotes   accumulation   of   salts    in    the  

 

 

 

 

 

 
 



 

 

 
 
 
 
rhizosphere; by comparing the values of effective salinity 
index proposed by Coras (2000) with those obtained in 
irrigation waters analyzed, it is considered that the use of 
these well waters should be restricted in the zone. Having 
an index > 3.0 what it means probable salt damage. 
According to Ayers and Westcot (1987), irrigation waters 
with EC > 700 μS cm

-1
 accumulate more salts in the 

rhizosphere zone, especially if the soil has poor drainage. 
The salinity of water together with SAR values ~2.0 
(mmolc L

-1
)
1/2

 produce a gradual increase of soil ESP > 
15% (Table 2) and thus intensive processes of colloidal 
dispersion which can be explained by increase in the 
fraction of exchangeable sodium (XNa) in the cationic 
exchange complex provided by soil solution and irrigation 
water, the result is the displacement of Ca

2+
 for Na

1+
, 

which according to Mercado et al. (2011) leads to 
processes of partial destruction of the colloidal systems 
and the formation of pelitic sediments found in the 
lithological depths, dispersed by the saline solutions. 
There are sediments that block the pores of the soil and 
reduce the rate of filtration, as well as the hydraulic 
conductivity of the soil profile, but especially that of their 
upper horizons (Oster and Schroer, 1979; Chorom et al., 
1994; Ritzema et al., 2008). When the soil structure is 
destroyed, the upper horizons are sealed, and, as a 
consequence, irrigation and rain water infiltration is 
reduced in amounts required to leach accumulated salts. 
In time this increases the concentration of salts in 
solution and limits the growth and development of crops, 
as was detected in soils of profile four.  

The low electrolytic concentration of irrigation water 
from the Río Verde, from wells and from rainfall in the 
rainy season, have little effect on the leaching of salts 
accumulated on the soil profile during the dry season. 
Due to the low permeability of these soils, only the top 
depths become desalinized periodically, and lower 
depths become salinized. There is an inter-annual 
periodicity in the displacement of salts through these 
profiles, yet they remain unevacuated. This phenomenon 
of physicochemical degradation in the soils under study, 
can be reversed implementing hydrochemical methods 
based on: 
 
1) Practices leaching salts with low water salt 
concentration, for which a necessary condition is the 
establishment of subsurface drainage run to the sea 
(Kovda, 1977; Helalia et al., 1990; Mace and Amrhein, 
2001). De la Peña and Llerena (2001), indicate that 
according to experiences in most irrigation districts in 
coastal plains in Mexico, drains must be set up, running 
towards the sea, with a distance of 20 m between drains; 
2) Evaluation of SAR in irrigation waters and soil, at 
moisture-drought year periods, to determine levels of 
NaX in soils, in order to design the application rate of 
chemical soil improvers such as agricultural gypsum and 
elemental   sulfur,   which   cause   the   displacement   of  

Edgar et al.         955 
 
 
 
sodium ion exchangeable complex into the soil solution 
and are then be leached (Prather et al., 1978; Rhoades, 
1992), and 
3) The cultivation of salt tolerant plants such as sugar 
beet that for more than twenty years has ceased to be 
cultivated in Mexico. 
 
Finally, Figure 5 related to the prediction of Ψπ generated 
by the solutions of the profiles analyzed, show that 
profiles one, two and four display hydrochloric salinity 
and that its effects on the soils and in crops is essentially 
osmotic. Solutions in profiles three and five have a low 
salinity, although predicted data indicate their tendency to 
induce osmotic stress, probably due to the influence of 
NaCl provided by the seawater to the coastal area. In this 
regard, it has been reported by Paliwal and Yadav 
(1980), Szabolcs (1994) and Sánchez et al. (2008, 2011), 
that the osmotic effect produced by NaCl salt in the soil 
solution and plants, is related with high radius hydration, 
osmotic coefficient and low ion energy intensity of ions 
Na

+
 and Cl

-
 as decreased chemical activity of water and 

their ability to perform biological work. Consequently, the 
symptoms of this effect is cellular dehydration and 
physiological draught with burning signs and necrosis of 
plant tissues that limit the growth of plants moderately 
tolerant to such conditions, as was observed in sorghum 
plants grown in the irrigation district 110.  
 
 
Conclusions 
 
The conclusions are as follows: 
 
1) The soils in the central area of Irrigation District 110 
are affected by hydrochloric salinity induced by irrigation 
with well water of moderate salt concentration whose 
values of EC and SAR identify it as water with slight 
restrictions for irrigation. 
2) The chemical quality of these salinity is produced by 
NaCl and Na2SO4 salts that accumulate in the soil 
surface, whose osmotic and toxic effects limit the growth 
of some crops such moderate salinity tolerance cultivated 
in irrigation district. 
3) The poor natural drainage, waterproofing of these 
soils, low saline concentrations of surface irrigation water, 
rainwater and moderate saline of semi-deep well waters 
in the irrigation district 110, have no effect on the 
leaching and evacuation of salts accumulated in the 
profile of the soil during the dry season, since only 
desalination is produced in the upper depths and 
salinization in the lower ones.  
4) The gradual increase of exchangeable sodium in the 
soils found between 16° 03’ 33.9” north and 97° 41’ 14.6” 
west, is generating a slow process of sodification that 
destroys the soil structure and waterproofs the upper 
horizons.   The   natural   impermeability   increases    the  
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Figure 5. Osmotic potentials generated by the saline solutions of the profiles analyzed and their position in the 

graphics designed by Ramirez et al. (1987). 

 
 
 
concentration of salts in solution, both develop saline-
sodic soils in time. 
5) The sodium salt effect is reversible by implementing 
salt leaching techniques, subsurface drainage systems 
that run to the sea, and the application of agricultural 
gypsum and elemental sulfur, along with the cultivation of 
salt tolerant plants, in order to avoid damage from the 
sodic salts. 
6) The use of the experimental coefficient K3 and 
obtaining linear regression equations help predict very 
accurately the behavior of the Ψπ of the solutions of the 
soil profiles analyzed, according to its saline 
concentration. 
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