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CHAPTER I 

INTRODUCTION 

Irrigation is practiced in those parts of the world where rain

fall is not sufficient to support crop growth or where the rain does 

not fall when the plants need water. The objective of irrigation is to 

supply plants with water, as needed, to increase yields. An irrigation 

project should take water use efficiency into account as well as the 

economy involved. When applying irrigation water, excesses as well as 

shortages should be avoided (Varallyay, 1977). 

The history of irrigated agriculture has shown that irrigation 

can cause severe deterioration of soil productivity. Many early civil

izations, whose rise was supported by the productivity of irrigated 

agriculture, were thought to fall as a result of problems caused by 

irrigation (Gulhati and Smith, 1967). 

The most common reasons for failure of irrigation projects are 

associated with waterlogging, salinization, and alkalization. These 

problems appear gradually and are influenced by the quality and quan

tity of irrigation water, condition of the irrigated land, and other 

soil environment factors. As the problems develop, they may be recog

nized by the failure of the irrigated land to maintain high yields. 

If allowed to continue, the problems may become so severe that the 

irrigated land will no longer be productive (Kovda, 1973). 



Salt problems and waterlogging are caused by lack of adequate 

drainage, poor quality water, or improper management practices or any 

combination of the three. These problems, in addition to damaging 

plants, cause deterioration of some desirable soil properties (Longe-

necker and Lyerly, 1959; Kovda, 1973; and Kemper and Noonan, 1970). 

If irrigated agriculture is to continue to be a major contri

butor to the world food supply, irrigation projects should be properly 

planned to prevent soil deterioration as much as possible. According 

to Kovda (1973), an irrigation project can be called a success only if, 

apart from bringing favorable social and economic conditions, it 

enables good crop growth for an indefinite period. In other words, an 

irrigation project should aim at preserving soil resources for future 

production as well as maintaining current productivity. 

The main objective of this study was to determine the effects 

of quality and quantity of irrigation water on soil physical and chemi

cal properties. The soil under investigation is a Friona fine sandy 

loam, a member of the fine-loamy, mixed, thermic family of Petrocalcic 

Paleustolls. The plots had been furrow-irrigated the preceding three 

years with different quality (7000ppm weight/volume or lOOOppm weight/ 

volume soluble salts) water at three quantity levels. One source was 

saline waste (blow down) water from a power plant and the other was 

Lubbock city water. The plots selected for this study were planted to 

pinto beans (Phaseolus vulgaris var.) during the 1978 growing season. 

Salt problems were anticipated because pinto beans are a low salt 

tolerant crop. 



Using waste water for irrigation is becoming an alternative for 

its disposal. It is hoped that the results of this study will eluci

date some relationships between quality and quantity of irrigation 

water and soil physical and chemical properties. The results should 

be useful in informing farmers who irrigate their land of the poten

tial irrigation hazards and to provide some precautionary measures to 

prevent detrimental consequences. 



CHAPTER II 

REVIEW OF LITERATURE 

Land Preparation 

The first step in any irrigation project is to select irrigable 

land. The process of selecting land for irrigation encompasses several 

factors including the social, economic, and physical implication of the 

operation. Since the main objective of irrigation is increasing crop 

production and improving the well-being of the people, the benefits 

and consequences of the operation should be evaluated on long-term 

basis. In the United States of America, government soil survey reports 

provide much of the information required for land.evaluation (Maletic 

and Hutchings, 1967). Other countries, especially the industrialized 

ones, have similar literature to aid agriculturists in planning for 

irrigation projects. However, it must be emphasized that certain soils 

may have unique peculiarities which can only be pinpointed by supple

mental studies on soil behavior under given management practices 

(Flach, 1976). These studies should be coordinated with studies on 

the quality of the proposed irrigation water (Wilcox and Durum, 1967). 

After the soil has been deemed suitable for irrigation, the 

land may need preparation for the proposed irrigation method. There 

are four main types of irrigation methods: sprinkler, flood, furrow, 

and subirrigation. Each method has its own conditions under which it 

is most effective. 



Sprinkler irrigation requires the least amount of land prepara

tion. It consists of one or more nozzles that spray water, under 

pressure, through the air to irrigate the desired area. It is an eco

nomical way of applying irrigation water under a wide variety of con

ditions. Sprinkler irrigation can be adapted for use on almost all 

t3rpes of soil, especially sandy soils which may absorb water very 

rapidly. Topography is not an important factor in sprinkler irriga

tion. It is often used in soils that are too shallow, too steep or 

too rolling to be irrigated by other methods. The method, if properly 

designed, allows a uniform application of water and the amount and 

timing can be easily controlled. Therefore, as far as land preparation 

is concerned, sprinkler irrigation method has little effect on soil 

physical properties (Christiansen and Davis, 1967). 

Sprinkler irrigation has some disadvantages. First, water dis

tribution can be affected by wind which may disturb the equal disper

sion. Secondly, the irrigation water must be free of debris to ensure 

proper flow. Finally the method may be expensive in terms of opera

tional power requirement and its effects on salt accumulation and the 

consequent reclamation requirements (Cantor, 1967). The high amount 

of evaporation under this system contributes to the accumulation of 

salts. 

Subirrigation involves the application of water beneath the 

ground by means of lateral ditches or mole or tile drains. The water 

table is maintained at some predetermined depth from which water moves 

upward by capillary action to the root zone. This method requires 



complete control of the water table depth to ensure that the plant 

root zone is continually supplied with moisture during the crop growing 

season. Subirrigation is limited because lands suitable for this 

method are rare and occur in very few locations. The method requires 

a special combination of natural conditions such as a layer of permea

ble soil immediately below the surface to allow the free movement of 

water and a level surface approximately parallel to the water table 

(Cantor, 1967). 

Flood-irrigation involves covering the field surface with 

water from field ditches, streams, canals, or flooding strips. The 

method requires a topography with little slope. Cantor (1967) suggests 

that the slope should not be more than 3%. Since topography controls 

the water flow and distribution, sometimes it is necessary to level the 

land before water can be applied effectively. Even in properly level

led fields, some areas of the field receive less water than others 

while some areas receive too much. 

Furrow-irrigation is similar to flood-irrigation except that it 

utilizes small channels or furrows to convey and hold water in the 

field. This method is common because it is adaptable to a variety of 

land slopes and soil textures while the water flow is relatively con

trollable. However a general disadvantage of furrow-irrigation is that 

in order to ensure that the whole field receives adequate amounts of 

water, it is necessary to overirrigate some parts (Cantor, 1967). 

Both flood- and furrow-irrigation systems require careful 

levelling of the land surface. In areas where the land is relatively 



level, only minor land alterations are necessary prior to irrigation. 

However, some irrigation projects require land alterations with large 

volumes of soil being moved by heavy machinery. Such operations will 

definitely affect certain soil physical properties (Kovda, 1973). 

The removal of large volumes of soil may expose subsoils or 

other undesirable soil horizons. The exposed subsoils may have such 

undesirable properties as poor structure, low permeability, low infil

tration and poor aeration. The subsoils may also be low in organic 

matter. The removal of large volumes of soil may also shallow the 

soil or expose rock. In West Texas, there is a possibility of expos

ing the horizon of calcium carbonate accumulation (caliche) and causing 

undesirable results. Massoud (1976) stated that, if land levelling 

results in the formation of shallow profiles or exposure of impervious 

layers close to the surface, salt effects are likely to result upon 

irrigation. 

The use of heavy machinery has the detrimental effect of com

pacting the soil. Soil compaction results in a decrease in total pore 

volume, macropores, and increased bulk density. Consequently, this 

reduces the hydraulic conductivity, infiltration rate, permeability 

and aeration. El-Swaify et al. (1977), reported that any treatment or 

process which reduces macroporosity can have dramatic effects on soil 

permeability and hydraulic conductivity. 

Mechanical Effects of Water 

Soil erosion has been recognized as a major threat to irrigated 

agriculture for a long time (Mech and Smith, 1967). Whenever water 



flows, soil erosion is likely to occur. According to Kovda (1973), 

any system of irrigation with the exception of subirrigation may cause 

soil erosion. 

Properly managed flood irrigation does not cause serious eros

ion problems if the land is level or nearly level and when water appli

cation is properly controlled. Properly designed sprinkler systems do 

not cause serious erosion problems as long as water is applied no 

faster than the infiltration rate of the soil. However, furrow-irriga

tion is always causing erosion whenever water flows (Mech & Smith, 

(1967). 

Soil erosion in furrow-irrigation may be caused by uncontrolled 

runoff water, excessive water flow in furrows or normal water flow on 

graded furrows where the soil is loose and transportable (Mech and 

Smith, 1967). 

Any type of erosion causes the deterioration of soil physical 

properties. Since soil erosion is a process of transporting soil from 

one place to another, the undesirable effects of the process on the soil 

as a whole is clear. The most significant effect is the physical 

removal of soil. Soil erosion may expose shallow soil profiles and more 

clayey subsoils which are undesirable from the plant standpoint. 

Mech and Woodruff (1967) reported that irrigation may prevent 

wind erosion due to the cohesion properties of water. They found that 

natural matter, even dune sands, exhibit some degree of cementation 

after being wetted and dried. This due to the cohesive forces of water 

films which envelop the particles and hold them together. Mech and 



Woodruff (1967) also reported that if particles held together by water 

films are subjected to slight compaction, the cohesion is increased. 

The impact of falling water has been reported to break soil 

clods into particles. Clods tend to slake down when wetted (Mech and 

Woodruff, 1967). In addition, falling water may have compaction effects 

which may reduce pore size and increase bulk density. Reduction in 

pore space affects many other soil characteristics including the hydrau

lic conductivity, infiltration rate and aeration. 

Salt Effects 

Soluble salts have been known to cause problems in soil, espe

cially when they accumulate in the plant root zone. The main source 

of naturally occurring salts in the soil is mineral weathering. Most 

primary minerals contain sodium, potassium, magnesium, and calcium 

combined into silicates. Mineral weathering by chemical means is influ

enced by water and carbon dioxide. As a result, soluble carbonates of 

sodium, potassium, magnesium or calcium may be produced. Chloride and 

sulfate salts may also be produced from the weathering of minerals 

(Szabolcs, 1976), some of which may remain in the soil if rainfall is 

not sufficient to leach them. Soils in arid and semi-arid regions are 

usually rich in soluble salts because of insufficient leaching due to 

limited rainfall (Reeve and Fireman, 1967; Kovda, 1973; Szabolcs, 1976). 

When water applied is sufficient, some soluble salts are dissolved and 

carried further down the soil profile. These soluble salts may be 

deposited in the lower horizon or carried to the water table. This 

consequently increases the salt concentration of the groundwater. 
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Groundwater has long been known to contain considerable amounts of 

soluble salts (van den Berg and Visser, 1973, and Gulhati, 1973). The 

salt load of the groundwater may cause problems if this water is used 

for irrigation. 

Soluble salts may be introduced into the soil through irriga

tion water, flood water, or fertilizers. In some instances, salts may 

be introduced into the soil from the groundwater due to a rising water 

table derived from excessive irrigation (Kovda, 1973 and Wilcox, 1962). 

There are four main sources of water available for use: surface 

water, groundwater, precipitation, and ocean water. The most important 

of these is the surface water in the form of rivers, streams and lakes 

and is the most commonly used for irrigation. Of the other three, 

groundwater is increasing in importance especially in areas where other 

sources are lacking or limited (Cantor, 1967). 

Groundwater occurs below the surface of the ground in the zone 

of saturation. Water moves from the surface by gravity to enter this 

zone, the upper surface of which is called the water table. The zone 

of saturation acts as a gigantic reservoir which retains water during 

the wet season and may cause a rise in the water table. In many cases, 

large reservoirs may result where the aquifers are underlain by imper

meable rocks. In West Texas, the Ogalala is an example of such large 

reservoirs of water. There have been suggestions that the groundwater 

source may be recharged by the application of sewage waste water to 

the soil (Winn, et al., 1973). 

The chief uses of groundwater are for irrigation and domestic 

use. The advantages of underground water are: 1) the availability in 



11 

areas where other sources are limited or lacking, especially in arid 

and semi-arid regions, and 2) it can be withdrawn as needed. The 

disadvantages of this source are associated with the cost of pumping 

and its quality. The underground water may contain considerable 

amounts of salts, depending on its source. 

Precipitation has two advantages over groundwater or ocean 

water: 1) it is found above the surface, and 2) its salt content is 

minimal. The importance of these two characteristics is well recog

nized and appreciated. However, the distribution and timing of rain

fall remains a problem to be solved. 

The oceans remain by far the largest potential source of water. 

According to Cantor (1967), oceans together with inland seas contain 

92.7% of the earth's water. This water could be made potable if the 

salt content were reduced. It has been known for a long time that 

fresh water can be obtained from salty water by distillation, but the 

cost in terms of heating energy is high. If the cost can be reduced 

significantly, desalinated water may become an important source of 

irrigation water as well as domestic water. It may also play an impor

tant part in the improvement of irrigation water. The addition of 

desalted water to the underground reservoir could help both to increase 

the quantity of good quality water and to decrease its salt concentra

tion. Thus, smaller quantities of good quality water would be required 

for a given area of irrigated crop. The use of desalted water would, 

therefore, doubtless contribute significantly to irrigated agricul

ture. However, according to Cantor (1967), it is certain that for 
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some time to come its large scale use is not feasible. The greater 

proportion of irrigation water in the foreseeable future will be 

surface and underground water. 

There is a general agreement that all irrigation waters, regard

less of its source, contain considerable amounts of dissolved salts 

(Longenecker and Lyerly, 1959, and Kovda, 1977). Rainwater can be 

expected to have the lowest amounts of soluble salts of all types of 

water applied to irrigated lands. It can therefore be expected that 

whenever irrigation is practiced, soluble salts are introduced into the 

soil. 

In studies conducted at Riverside, California, Pratt et al. 

(1959) reported increased soil salinity after irrigation. Pratt and 

Jones (1973), found that irrigation combined with fertilization 

increased soil salinity to a greater extent than irrigation alone. 

Salt accimiulation in soil is a result of evaporation and evapo-

transpiration. Whenever water evaporates, it leaves behind soluble 

salts and plants exclude most of the salts when they absorb water from 

the soil. According to Rhoades et al. (1973) an increase in salt con

centration occurs with irrigation even when the original soil is low in 

salts because plants absorb water while leaving most salts behind. The 

salts left behind accumulate in the soil. If there is a continuous 

addition of soluble salts, in irrigation water or flood water the salts 

will continue to accumulate unless excessive water is added to leach 

them (van den Berg and Visser, 1973; Longenecker and Lyerly, 1974; 

and Uzrad, 1976). In order to leach salts, it is necessary to irrigate 

with water in excess of evapotranspiration requirements. Since rainfall 
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is generally insufficient in arid and semi-arid regions, application 

of excessive water is required for proper leaching. This in turn 

requires adequate drainage to prevent waterlogging. 

Soluble salt accumulation may occur as a result of a shallow 

water table or a rising water table caused by irrigation. First, the 

salt concentration increases as a result of leaching and then with 

continued irrigation, the water table rises carrying with it the solu

ble salts to the surface layer and to the root zone (Szabolcs, 1976). 

Several other factors such as irrigation water quality, rate of water 

application, method of irrigation, method of drainage, and management 

practices may influence the process of salt accumulation. Rhoades et 

al. (1973), reported that salt concentration in soil is affected by the 

composition of irrigation water, the leaching fraction (fraction of 

water applied that appears as drainage water), and soil properties such 

as texture and porosity. 

Hobbs and Russell (1963) compared soil salinity under different 

irrigation practices. In studies at Lethbridge, Alberta, Canada, they 

transformed a flood irrigated field to sprinkler irrigation. After 

four years of irrigation, salinity was found to have built up under 

sprinkler irrigation. They attributed the salt build-up to insuffi

cient leaching under this practice. Sommerfeldt and Oosterveld (1977) 

reported a correlation between the subsoil salinity and the ground

water. They found that salt contents decreased with depth except in 

cases where the water table was close to the surface and the soil was 

fine textured. In all cases, they found that upon drying, the saline 

water tended to move upward, by capillary action, producing an 
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accumulation of salts on the surface layers. Even in areas where the 

water table is not high, deficient irrigation, where not enough water 

is added to satisfy plant's needs and allow sufficient leaching, can 

cause some detrimental effects. As plants utilize irrigation water, 

saline water may be drawn from the water table to the surface. Subse

quent evaporation results in continual salt deposits in large quantities 

on the soil surface. According to Cantor (1967), too much water may be 

as bad as not enough. 

Salt affected soils can be divided into three main groups: 

(1) saline soils, (2) sodic soils, and (3) saline-sodic soils (Reeve 

and Fireman, 1967). Saline soils have excessive accumulations of solu

ble salts whereas sodic soils have high concentrations of exchangeable 

sodium. Saline-sodic soils have a combination of both properties. 

Saline soils have an electrical conductivity (E.C.), of satur

ated paste extract, greater than 4 mmhos/cm and the pH does not exceed 

8.5. Calcium and magnesium are the dominant exchangeable cations. 

These soils are usually stable and have good structure. The good struc

ture is caused by the flocculating effect of calcium and magnesium. 

If adequate drainage is established, the excessive soluble salts may 

be removed by leaching and they become non-saline soils again. 

Saline-sodic soils have electrical conductivities of saturated 

paste extracts greater than 4 mmhos/cm and the pH is usually less than 

8.5. These soils are high in calcium and magnesium but are high in 

sodium as well. The exchangeable sodium percentage exceeds 15. Saline-

sodic soils normally have desirable physical properties but these proper

ties may change if soluble salts are leached and exchangeable sodium is 
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hydrolyzed. Soil particles are dispersed by sodium and the soil 

becomes unfavorable for entry and movement of water (Soil Conservation 

Service, USDA, 1973). When this happens, saline-sodic soils become 

similar to sodic soils. 

The exchangeable sodium percentage of a sodic soil is greater 

than 15. The electrical conductivity of a saturated paste extract is 

less than 4 mmhos/cm and the pH is usually greater than 8.5. The soil 

physical properties are controlled by sodium. Sodium tends to disperse 

soil particles producing undesirable soil properties such as reduced 

infiltration rate, poor permeability, and high bulk density. Some soils 

with high exchangeable Mg have been reported to have physical properties 

similar to those of "sodic" soils. However, the reasons for this behav

ior are unknown since Mg and Ca have been shown to react similarly on 

soil particles (Whittig, 1959). 

The effects of soluble salts, especially sodium and calcium 

salts on soil physical properties have been intensively investigated. 

Kemper and Noonan (1970) studied the effects of sodium chloride (NaCl) 

on water runoff. After adding small amounts of salts to non-saline 

soils, they observed a large increase in water runoff which was attri

buted to the dispersing effect of sodium. They further attempted to 

determine whether the decrease in infiltration rates caused by NaCl 

treatments were irreversible and whether infiltration rates of naturally 

sodic soils could be increased by the addition of calcium s,alts. Gypsum 

was found to increase infiltration rates regardless of whether it was 

applied before or after crust formation. 
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Quirk (1971) reported that the relative amounts of cations 

(Ca, Mg, and Na) in the exchange sites of the soil particles determine 

the effect of salts on the soil. If the soil is dominated by calcium 

and magnesium, the salt effects are limited. Calcium and magnesium 

ions flocculate soil particles producing desirable soil structures 

(Ayers and Westcot, 1977).^ McNeal and Coleman (1966) earlier noted 

that the presence of divalent cations such as calcium and magnesium, 

in the exchange sites, tend to stabilize (or flocculate) soil particles 

while the presence of sodium decreased particle stability. 

It can be concluded that the accumulation of calcium and mag

nesium salts would generally improve soil physical properties. The 

improvement of soil structure would increase the hydraulic conductivity, 

infiltration rate, and reduce the bulk density of the soil (Ayers and 

Westcot, 1977; Massoud, 1976; Quirk, 1971; Marshall, 1968; and Lewis 

and Juve, 1956). 

The accumulation of sodium is more important in salt-affected 

soils than the accumulation of other salts. This is due to the ability 

of sodiijm ions to disperse soil particles. According to Quirk (1971), 

sodium ions go between clay particles and separate them to such an 

extent that they tend to behave independently of one another. For soil 

hydraulic conductivity, Marshall (1968) found that whenever particles 

are detached from aggregates, they tend to migrate to other locations 

with water. In the process, the particles may block some macropores 

and decrease the hydraulic conductivity of the soil. 

McNeal and Coleman (1966), working with various types of soil, 

noted a decrease in hydraulic conductivity of soil under sodic conditions. 
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Kanwar and Kanwar (1968) reported similar results from a pot experi

ment. They used four salinity levels and four sodium absorption ratios 

(SAR) in watering the pots. They found that an increase in SAR in 

irrigation water increased soil dispersion and decreased hydraulic con

ductivity. Waldron and Constantin (1968) reported that chemical 

changes in the soil solution producing insignificant changes in the 

physical properties of the bulk solution may produce very large changes 

in the hydraulic conductivity of the soil. They concluded that aggre

gate failure was the important mechanism causing the decrease in hydrau-

•lic conductivity. It appeared that pore size distribution rather than 

total pore volume governed hydraulic conductivity. 

Waldron et al. (1970) reported that total porosity is not a good 

determinant of hydraulic conductivity because it is independent of pore 

distribution. They tested the effects of calcium chloride and sodium 

chloride on hydraulic conductivity and soil compaction. They found that 

the void ratios of soil at different pressure levels were consistently 

higher for CaCl2 treated samples than for NaCl treated ones. The samples 

treated with NaCl had lower hydraulic conductivities than the CaCl2 

treated samples under similar compaction. McNeal et al. (1968) conducted 

similar studies using mixed salt solutions. They found consistently 

lower hydraulic conductivities for the Na-Mg salts than for their Na-Ca 

counterparts. Therefore, it appears certain that calcium is important 

in the stability of soil particles. McNeal et al. (1968), caution that 

the hydraulic conductivities they measured were close enough to be 

within the ± 10-15% which is commonly considered to be the acceptable 

accuracy of laboratory hydraulic conductivities. In any case, the above 
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results are generally consistent with those reported by Martin and 

Richards (1959) and Gardner (1945). 

Additional studies have produced results similar to those dis

cussed above (Kovda, 1973; Yaron and Shainberg, 1974; and Massoud, 1976) 

However, El-Swaify et al. (1977) reported some differences in the behav

ior of tropical soils as compared to soils from other regions. They 

worked with several tropical soils in Hawaii and found that sodium 

accumulation in the soils reduced hydraulic conductivity, as reported 

earlier. But they noted that these soils tended to resist structural 

deterioration due to sodium more than non-tropical soils. They attri

buted this to the presence of low-swelling clay minerals and sesquiox-

ides in these soils. The soils used were Aridisols, Mollisols, Oxisols, 

and Vertisols. Kaolins, sesquioxides of Al and Fe, and amorphous sili

cates were the most dominant inorganic constituents of these soils. 

McNeal and Coleman (1966) had earlier reported that soil cementing 

material could influence the effect of exchangeable sodivmi. They 

reported that soils high in kaolinite and sesquioxides or in amorphous 

material resist structural deterioration under sodic conditions. But 

McNeal et al. (1968) reported that it was the dithionite-citrate 

extractable constituents such as iron oxides and not differences in 

clay mineralogy that accounted for the differences in the stability of 

tropical soils. 

Studies conducted using other sources of water such as sewage 

waste water and feedlot effluent for irrigation have produced similar 

results. Most studies indicate that accumulation of sodium salts is 
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more important than the accumulation of other salts (Pearson et al., 

1975; Winn et al. , 1973). According to Stewart and Meek (1977), most 

sewage effluents are satisfactory for irrigation but since they vary 

considerably in composition the water should be carefully analyzed 

before large scale application. 

Hinrichs et al. (1974) tested the effects of beef feedlot 

effluent on soil and reported no significant changes in bulk density, 

water retention, particle size distribution, or water stable aggregates. 

They found differences in hydraulic conductivity, permeability, elec

trical conductivity, and SAR. The low hydraulic conductivities of beef 

feedlot effluent treated soils was attributed to the dispersion effects 

of sodium, ammonium and potassium. However, the detrimental effects 

of the effluent were small during the two-year period the study was 

conducted. This might not be the case with higher salt contents in the 

effluent or over long application periods. 

Travis et al. (1971) used feedlot lagoon water for irrigation. 

They used two alluvial soils along Kansas River near Manhattan, one near 

St. Mary's, and a Keith silty clay near Atwood, Kansas. In a lab experi

ment, they reported decreased infiltration rates and eventual stoppage 

of infiltration in all soils tested. The highest concentration of 

sodium was found to be in the top few centimeters and the electrical 

conductivities increased by at least 200% in all cases. Had the infil

tration not ceased, the salt concentration would probably have been 

higher in the lower section of the soil columns. 

Gray (1968) reported that sewage waste water irrigation near 

Lubbock, Texas, dates back to the early 1930's. He reported that heavy 
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and moderate irrigation with sewage waste water has been found to 

increase crop yields, prevent pollution, improve soil conditions, and 

recharge the underground aqiiifer. However, there was very little 

documentation of the chemical properties of the effluent waste water 

used or the chemical and physical changes caused by irrigation with 

this water. 



CHAPTER III 

METHODS AND PROCEDURES 

The present study attempts to document some soil physical and 

chemical properties produced by irrigation with sewage effluent that 

had been used for cooling in a power plant. Plots that had been prev

iously furrow irrigated with two water qualities at three different 

levels were selected for sampling. Some chemical properties of the 

irrigation water are given in Table 1 (Kreig et al., 1977). The water 

used in the saline treatments was sewage waste water which had been 

reused in the cooling system of a power plant. Therefore, this water 

is higher in soluble salts than regular sewage waste water because it 

has been evaporated while going through the cooling system. The non-

saline water was regular well water. Irrigation timing was based on 

leaf water potentials in 1975 and 1976. Irrigation water was provided 

when the leaf water potential was -17, -22, and -27 bars for high, 

medium, and low treatments, respectively. In 1977 and 1978, irrigation 

timing was based on soil water potentials at the 38 to 53 cm depth. 

Irrigation water was provided when the soil water potential was -2 and 

-4 bars for high and medium irrigation treatments, respectively. Low 

irrigation treatments received no irrigation water in 1977 and 1978. 

The amount of water added in the four-year period is given in Table 2 

(Krieg et al., 1977). 
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TABLE 1 

SOME CHEMICAL CHARACTERISTICS OF IRRIGATION WATER 

Ca 

Mg 

Na"*" 

K^ 

CST 

S04= 

NO3-

EC (mmhos/cm) 

SAR 

Na % 

pH 

Non-Saline 

7.0 

10 

13 

5.1 

13 

5.8 

0.13 

1.6 

4.5 

59 

7.8 

meq/£ 
Saline 

42 

9.5 

52 

20 

42 

34 

0.32 

10 

10 

72 

7.8 

Treatment 

High 
1975 
1976 
1977 
1978 

Medium 
1975 
1976 
1977 
1978 

Low 
1975 
1976 
1977 
1978 

TABLE 2 

SEASONAL WATER APPLIED OVER THE FOUR-YEAR PERIOD 

Total Irrigation Rainfall 
cm 

43.9 
49.3 
50.6 
36.3 

33.8 
46.7 
25.2 
18.3 

33.8 
41.6 
4.8 
4.8 

20.3 
28.0 
45.8 
31.5 

10.2 
25.4 
20.4 
13.5 

10.2 
20.3 
0 
0 

23.6 
21.3 
4.8 
4.8 

23.6 
21.3 
4.8 
4.8 

23.6 
21.3 
4.8 
4.8 
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Eighteen 50-m2 plots were sampled. A check (uncultivated) 

area was selected outside the irrigated plots and sampled. 

Soil Sampling 

Sampling pits were dug by hand and samples taken from the top 

three horizons, Ap, B21t, and B22t. A modal profile description of 

the Friona soil is given on Table 3. The Friona soil is deep (152 + 

cm) and is calcareous in the B horizons. The lower B horizon (B23t) 

is indurated or strongly cemented by calcium carbonate. This soil dif

fered from the modal in that it was more sandy in the Ap horizon because 

of its eolian origin. Undisturbed 344.9cm^ core samples were taken from 

each of the top three horizons. Undisturbed core samples for hydraulic 

conductivity determination were taken in duplicates (Klute, 1965). The 

trimmings from the undisturbed samples were used for the determination 

of other soil parameters. 

Laboratory Analysis 

Soil Reaction 

The soil reaction (pH) was determined from a saturated paste 

on a Beckman Expandomatic pH meter. The saturated paste was prepared 

according to the method outlined in the U.S.D.A. Handbook No. 60 (U.S. 

Soil Salinity Lab. Staff, 1954). Approximately 150g of air-dry soil 

were saturated with distilled water and allowed to equilibrate over

night before the pH determination. 
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TABLE 3 

TYPICAL PROFILE DESCRIPTION OF THE FRIONA SOIL 

Horizon 
Inches 
(cm) Soil Profile 

Ap 0-9 
(0-23) 

B21t 9-20 
(23-51) 

B22tca 20-29 
(51-74) 

B23team 29-36 
(74-91) 

B24tca 36-60+ 
(91-152+) 

Brown (7.5 YR 4/2) loam, dark brown (7.5 
YR 3/2) when moist; weak fine granular 
structure. Slightly hard, very friable, 
many fine roots; non-calcareous, mildly 
alkaline; abrupt smooth boundary. 

Reddish gray (5 YR 5/2) sandy clay loam, 
dark reddish brown (5 YR 3/2) moist; 
moderate coarse prismatic parting to 
moderate medium subangular blocky struc
ture; very hard, friable; common fine roots; 
many pores; common insect casts; thin dis
continuous clay films on ped faces; cal
careous; gradual wavy boundary. 

Reddish brown (5 YR 5/3) sandy clay loam; 
reddish brown (5 YR 4/3) moist; weak coarse 
prismatic parting to weak medium subangular 
blocky structure; very hard, friable, few 
roots; common pores; common insect casts; 
thin discontinuous clay films on ped faces; 
calcareous; gradual smooth boundary. 

Pink (5 YR 7/3) caliche, pink (5 YR 7/3) 
moist; indurated in upper 2 inches and 
strongly cemented in lower part; laminated 
upper surface; gradual wavy boundary. 

Pink (5 YR 8/3) clay loam, pink (5 YR 7/3) 
moist; weak medium subangular blocky struc
ture; weakly cemented; common fine pores; 
few insect casts; about 40% soft and hard 
masses and concretions of CaCO^: calcareous. 
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Electrical Conductivity 

Saturated paste extracts were used. Extracts from the satura

ted pastes used for pH measurements were obtained as outlined in the 

U.S.D.A. Handbook No. 60 (U.S. Salinity Lab. Staff, (1954). Electrical 

conductivity was determined on the extracts using a Beckman RD-26 Sol-

U-Bridge and a 2-ml pipet. 

Bulk Density 

Undistrubed bulk density was measured according to the method 

described by Blake (1965). The undisturbed samples were trimmed and 

placed in an oven at 110°C. and allowed to dry for 48 hours. The bulk 

density was calculated from the oven-dry volume and weight of the sample, 

Particle Size Distribution 

The Bouyoucos (1951) method of particle size distribution was 

used with minor modifications. Deionized water was added to 50g of air-

dry soil. The soil was dispersed with 5 ml of 10% sodium hexametaphos-

phate and the suspension brought to the 1000-ml mark of the hydrometer 

jar with deionized water. Clay was determined from the two-hour hydro

meter reading and sand was determined by wet sieving through a 325-mesh 

sieve. Silt was determined by the difference. 

Water Retention 

A pressure membrane was used to determine water retention at 

1/3-, 3-, and 15-bar tension on disturbed samples (U.S. Salinity Lab. 

Staff, 1954). The water retention was expressed in gravimetric water 

content percent and plotted on semi-log graph paper. 



26 

Hydraulic Conductivity 

Hydraulic conductivity was determined on core samples according 

to the constant head method described by Klute (1965). A 5-cm head was 

maintained. Hydraulic conductivity was measured for 30 minutes. The 

highest and the lowest values were excluded in order to remove varia

tions not related to the treatments. 

Soluble Cations 

The saturation extracts used for EC were used to determine 

soluble sodium, calcium, and magnesium. Sodiiam was determined with a 

flame photometer as described by Bower and Wilcox (1967). 

Calcium and magnesium were determined by atomic absorption 

spectrophotemetry. The sodium absorption ratio was calculated by the 

equation: 

SAR = Sa± 

Ca + Mg 

with the values for soluble cations expressed in meq/£. 

Statistical Analysis 

The data were analyzed using a completely randomized factorial 

design. A separate linear regression analysis was performed for each 

soil property. The Duncan's multiple range test was used to make 

comparisons between treatments and horizons. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Particle Size Distribution 

Particle size distribution does not appear to be different in 

any of the treatments compared with the control (Table 4) . The Ap 

horizon has a sandy loam texture in most treatments but light sandy 

clay loams were occasionally encountered. The lower horizons, B21t and 

B22t, have sandy clay loam textures. These textures are similar to 

those of the control plots. Therefore there was no evidence that treat

ment would affect particle size distribution. The irrigation water 

used contained no appreciable amounts of sediment and would not be 

expected to change particle size distribution. 

Electrical Conductivity 

EC values are greater in all treatments compared with the con

trol (Table 5). The increase in soluble salts in the soil is caused 

by irrigation water. Some chemical characteristics of the irrigation 

water used are shown in Table 1. Both sources of water contain soluble 

salts which account for the increase in salt concentration after irri

gation. 

The EC values of the extracts from individual plots irrigated 

with high levels of the non-saline water range from 1.68 to 4.25 mmhos/cm 

and decrease with depth. The variations in EC values within the same 
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Sand (%) 

Silt (%) 

Clay (%) 

Textural 
Class 

Horizon 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

TABLE 4 

PARTICLE SIZE 

Control 

61.8 
59.7 
51.2 

19.0 
13.7 
19.2 

19.2 
26.6 
29.6 

SL 
SCL 
SCL 

High 

61.5 
59.5 
51.3 

18.0 
13.0 
19.0 

20.5 
27.5 
29.7 

SCL 
SCL 
SCL 

DISTRIBUTION 

Non-Saline 
Medium Low 

59.2 
58.3 
48.6 

20.8 
14.9 
19.9 

20.0 
26.8 
31.5 

SL 
SCL 
SCL 

60.1 
59.0 
48.2 

20.3 
13.4 
20.9 

19.6 
27.6 
30.9 

SL 
SCL 
SCL 

High 

60.5 
59.3 
51.2 

20.1 
13.8 
18.0 

19.4 
26.9 
30.8 

SL 
SCL 
SCL 

Saline 
Medium 

60.8 
59.2 
51.7 

18.8 
14.2 
18.9 

20.4 
26.6 
29.4 

SCL 
SCL 
SCL 

Low 

61.2 
59.2 
49.6 

19.4 
13.8 
19.9 

19.4 
27.0 
30.5 

SL 
SCL 
SCL 

SL = Sandy loam 
SCL = Sandy clay loam 
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TABLE 5 

SELECTED CHEMICAL PROPERTIES 

Horizon pH EC Soluble cations SAR 
Na Ca Mg, 

^^ mmhos/cm meq/i 

Control 
Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

Ap 
B21t 
B22t 

7.4 
7.6 
7.9 

7.0 
6.9 
7.4 

7.1 
6.6 
6.9 

7.1 
7.2 
7.4 

7.2 
7.4 
7.6 

7.0 
7.4 
7.6 

7.4 
7.6 
7.7 

0.79 
0.42 
0.49 

2.6 
1.4 
1.3 

Non-Saline (High) 
3.67 
2.48 
2.10 

22.7 
13.9 
8.0 

13.7 
14.2 
16.3 

24.9 
19.6 
39.2 

Non-Saline (Medium) 
2.96 
3.31 
2.97 

20.1 
15.6 
11.7 

Non-Saline (Low) 
1.43 
1.44 
2.00 

Saline 
5.13 
4.47 
6.03 

Saline 
3.18 
4.02 
5.35 

Saline 
1.91 
1.72 
2.21 

4.6 
3.7 
1.8 

(High) 
36.1 
32.8 
33.9 

(Medium) 
26.0 
27.7 
24.0 

(Low) 
9.8 
6.4 
2.0 

19.2 
19.6 
26.3 

15.3 
15.2 
18.4 

18.1 
17.2 
42.5 

19.3 
20.3 
42.3 

20.9 
12.2 
19.9 

1.6 
0.92 
1.0 

4.6 
3.2 
2.8 

3.8 
4.3 
4.7 

2.2 
2.2 
3.7 

2.1 
1.5 
3.2 

1.4 
2.1 
3.6 

3.6 
0.85 
2.0 

0.94 
0.51 
0.44 

5.91 
4.11 
1.75 

5.92 
4.51 
2.97 

1.55 
1.25 
0.54 

11.35 
10.72 
7.09 

11.27 
8.27 
5.01 

2.80 
2.51 
0.60 



30 

profile may be due to sampling variability or due to the irrigation 

method. Since furrow irrigation was used, some parts of the same 

plots received more water than others resulting in differences in salt 

accumulation. Even though all plots were sampled similarly, the beds 

do not receive water directly. Water is applied to the furrow and 

moves to the bed laterally and vertically depending on the amount of 

water in the furrow. The variability in the amount of water received 

in the bed may account for some of the variability in salt content. 

The decrease in soluble salts with depth in these plots was 

rather unusual. Normally, soluble salts would increase with depth 

indicating the pattern of salt leaching due to heavy irrigation (Longe

necker and Lyerly, 1974). The accumulation of salts in the Ap horizon 

may be due to the water flux. Heavy irrigation caused salts to be 

transported to the lower horizons. With subsequent evaporation, some 

soluble salts from the lower horizons were moved to the surface. It 

is also likely that some of the soluble salts had been leached beyond 

the sampling depth since this soil has good drainage. The petrocalcic 

horizon is not impermeable to percolation because of fractures and 

allows for water and salt loss below this zone. This may explain why 

high salt concentrations were not found in the B22t horizon. 

Individual plots irrigated with medium levels of non-saline 

water have EC values ranging from 2.30 to 3.64 mmhos/cm. The highest 

values occurred in the B21t horizon while the Ap and B22t horizons had 

similar values. The occurrence of higher EC values in the B21t horizon 

may be explained by the level of water applied (Table 2) and the 
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irrigation timing. Due to the irrigation level and timing, it is 

likely that the applied water was only able to wet the intermediate 

horizons and thus deposited most of the soluble salts in the B21t and 

B22t horizons. As the soil dried, some of the salts moved upward to 

the surface horizon. Since the B21t horizon probably received the 

heaviest salt load, that horizon maintained a high salt concentration 

despite salt removal resulting from upward flux. The accumulation of 

soluble salts throughout the upper portion of the soil profile is a 

clear indication of incomplete leaching. The applied water was not 

sufficient to leach the salts further down. 

Individual plots irrigated with low levels of non-saline water 

have EC values ranging from 1.00 to 2.56 mmhos/cm, generally increasing 

with depth. The salt concentration in the Ap and B21t are not signifi

cantly different but the salt concentration in the B22t was greater. 

The pattern of salt distribution may be a reflection of the level and 

timing of irrigation. These plots received the least amounts of irriga

tion water in the first two years and were under dryland in the final 

two years. Thus not much salt was added to this profile because the 

water level was low and so the salt concentration is lower than in the 

above treatments. The salt concentration is distributed throughout the 

profile due to insufficient leaching. Rainfall may have leached some 

of the salts to the B22t horizon explaining the higher salt concentra

tion in this horizon than the control. 

EC values from most plots irrigated with non-saline water 

indicate that salt accumulation has not reached the stage that would 
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justify a "saline" classification (U.S. Salinity Lab. Staff, 1954). 

Plots under saline water irrigation have much higher EC values of 

saturated paste extracts (except the low irrigation treatments) than 

all other treatments. The highest EC values are in plots under high 

irrigation treatments. Individual plots irrigated with high levels of 

saline water had EC values ranging from 4.10 to 6.75 mmhos/cm, gener

ally increasing with depth, but with consistently lower values in the 

B21t. The occurrence of lower values in this horizon may be due to a 

combination of processes. First, the trend indicates downward movement 

of salts with irrigation water. The salts were transported to the lower 

horizons by rainfall and irrigation water, but with subsequent drying, 

some of the soluble salts moved back to the surface. Water movement 

due to evaporation is likely to be between the upper two horizons. 

Water depleted from the Ap horizon would be drawn from the B21t horizon. 

This results in concomitant transporation of soluble salts from the 

B21t to the Ap horizon. The B22t horizon .has the highest salt concen

tration as a result of leaching. It is possible that some of the added 

salts had been leached beyond the sampled depth. 

Individual plots irrigated with medium levels of saline water 

have higher EC values than any of the non-saline irrigation treatments. 

The EC values for this treatment ranged from 2.42 to 5.75 mmhos/cm., 

generally increasing with depth. The exception was one profile which 

followed the same trend as the high saline irrigation treatment. The 

increase in soluble salts with depth reflects the transportation of 

soluble salts by irrigation water and rainfall. The relatively high 
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concentration of soluble salts in the B21t horizon may be a reflection 

of the level of water applied as well as the timing of irrigation, as 

discussed earlier. Medium irrigation is likely to deposit the heaviest 

salt load in the upper horizons. The distribution of salts throughout 

the profile is an indication of slight leaching. 

Plots irrigated with low levels of saline water have the lowest 

EC values among the saline irrigation treatments. Individual ECs range 

from 1.07 to 3.94 mmhos/cm, generally increasing with depth but the 

salts are almost equally distributed throughout the profile. The ECs 

are low compared with the high and medium treatments because of the 

lower amount of irrigation water added. The concentration of salts in 

the upper horizon of the profile was due to evaporation of water from 

the salts applied in irrigation water of 1975 and 1976. 

The Ec's of saturated paste extracts from plots irrigated with 

high and medium levels of saline water show that salt accumulation is 

sufficient to justify a "saline" classification (U.S. Salinity Lab. 

Staff, 1954). Low irrigation treatments did not produce salt concen

tration greater than 4.0 mmhos/cm and would not be classified as 

"saline." 

Comparing the different treatments, there is evidence that 

saline irrigation treatments produced higher EC values than non-saline 

irrigation treatments. A Duncan's multiple range test was applied to 

test significance among treatment levels and soil salinity. High and 

medium treatments did not produce significantly different salt concen

trations although the values were consistently highest for high level 
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treatments. This may be due to the differences in the treatment 

levels. Probably the levels of water application did not differ too 

significantly to affect salt content in the soil. It is also likely 

that some of the salts in the high treatments had been leached beyond 

the B22t horizon whereas in the medium treatments, most of the added 

salts remained in the sampled depth. 

Horizons differed significantly in soluble salt content with 

higher concentrations in the B22t horizon except in the case of high 

non-saline irrigation treatments. However, it is believed that there 

was a higher concentration of salt beyond the sampled depth due to 

leaching. Thus, the overall trend was not unexpected. The location 

of so! 

and time of irrigation and rainfall. 

ling. Thus, the overall trend was not unexpected. The locatic 

)luble salts at any time during the season depends on quantity 

Soluble Sodium, Calcium and Magnesium 

Soluble cations (sodium, calcium and magnesium) increased in 

all irrigation treatments compared with the control (Table 4). The 

increase in soluble sodium, calcium, and magnesiiim can be explained by 

the composition of the irrigation water used (Table 1). Both water 

sources contain high amounts of these cations except magnesium. 

Soluble sodium decreased with depth in all treatments. Indi

vidual plots irrigated with high levels of non-saline water have soluble 

sodium concentrations ranging from 6.7 to 24.8 meq/l. Medium non-saline 

irrigation treatments produced soluble sodium contents ranging from 

5.8 to 21.5 meq/i and low non-saline irrigation treatments have values 
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ranging from 1.4 to 7.4 meq/Z. These values reflect the relative 

amounts of salts added with irrigation water. 

Saline irrigation treatments produced much higher soluble 

sodium concentrations than non-saline treatments due to the difference 

in the composition of the kinds of water. Plots irrigated with high 

levels of saline water have the highest soluble sodium content. Indi

vidual values range from 30.0 to 41.7 meq/l and decrease with depth 

except for one profile which has an unusually high sodium concentration 

in the B22t horizon. The high value may be due to a localized accumu

lation of the sodium. Plots under medium saline irrigation treatment 

have soluble sodium contents ranging from 12.9 to 32.8 meq/l and low 

saline irrigation treatments produced soluble sodium contents ranging 

from 1.4 to 14.3 meq/£. 

Sodium concentration generally correlates with EC's, i.e., the 

higher the salt concentration, the higher the sodium content. Analysis 

of the data indicates that irrigation with saline water produced signif

icantly higher sodium contents in the soil than irrigation with non-

saline water. This can be explained by the chemical composition of the 

irrigation water (Table 1). The three horizons have significantly 

different soluble sodium contents, with the highest values in the sur

face horizon and the lowest values in the B22t horizon. The sodium 

percentage of the irrigation water may explain the decrease of sodium 

content with depth. Water levels also produced significantly differ

ent concentrations of soluble sodium with the higher levels producing 
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higher concentrations. This is probably due to the relative amounts 

of the cation added through irrigation water. 

Calcium contents are higher in all irrigation treatments com

pared with the control (Table 5). Soluble calcium generally increases 

with depth and is related to the initial calcium status of the horizon. 

However, water application affected calcium content and distribution 

within the profile. Individual plots irrigated with high levels of non-

saline water have soluble calcium concentrations ranging from 11.5 to 

42.4 meq/l and increase with depth. Medium irrigation treatments pro

duced a similar trend of soluble calcium distribution with values 

ranging from 13.0 to 35.5 meq/l. Low non-saline irrigation treatments 

have soluble calcium concentrations ranging from 9.0 to 24.9 meq/l and 

increase with depth. The concentration of soluble calcium under dif

ferent water levels reflects the relative amounts of the cation added 

with irrigation water. 

Plots irrigated with saline water have higher concentrations of 

soluble calcium than plots under non-saline irrigation but the pattern 

of distribution is similar. Individual plots irrigated with high levels 

of saline water have values ranging from 11.5 to 50.0 meq/£ and the 

medium irrigation treatments have values ranging from 9.7 to 43.9 meq/£, 

distributed in the same manner as in the above described treatments. 

Low saline irrigation treatments have soluble calcium values ranging 

from 7.3 to 25.5 meq/l with slightly higher values in the Ap horizon 

than in the B22t horizon. This deviation may be due to incomplete 

leaching, resulting in a localized accumulation of calcium. Despite 
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the deviation in the low irrigation treatments, the concentration and 

distribution of soluble calcium appear to correspond with the level of 

water applied. 

Water quality did not significantly affect the concentration 

of soluble calcium in the soil according to Duncan's multiple range 

test. High and medium irrigation treatments were not significantly 

different in their effect on soluble calcium concentration but low 

irrigation treatments had significantly lower calcium contents. The 

high and medium irrigation treatments were not significant probably 

because the two water levels did not differ much. 

Soluble magnesium was also higher in all treatments compared 

with the control but all the values are generally low. There was no 

universal pattern of distribution and concentration of magnesium in 

the soil. Individual plots irrigated with high levels of non-saline 

water have values ranging from 1.1 to 5.8 meq/l and medium irrigation 

treatments have values ranging from 2.0 to 6.8 meq/ly generally increas

ing with depth. Low irrigation treatments produced magnesiiom values 

which range from 1.1 to 4.8 meq/l and they also generally increased 

with depth. 

Irrigation treatments with saline water show lower soluble 

magnesium contents than non-saline irrigation treatments. Individual 

plots irrigated with the high level of saline water have soluble mag

nesium contents ranging from 0.94 to 4.1 meq/l and medium irrigation 

treatments have magnesium contents ranging from 1.0 to -f.l meq/i. 
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Non-saline irrigation treatments produced significantly higher 

concentration of soluble magnesium than saline treatments. The differ

ences in soluble magnesium contents can be explained by the composi

tion of the irrigation water used (Table 1) . High and medium irrigation 

treatments are not significantly different in their effects on soluble 

magnesium contents. The low irrigation treatments have significantly 

lower magnesium contents compared with other irrigation levels. 

Sodium Absorption Ratios 

The sodium absorption ratios (SAR) are directly related to the 

relative amounts of soluble sodium, calcium, and magnesium present in 

the soil profile. The SAR values are higher in all irrigation treat

ments, compared with the control (Table 5). Individual plots irrigated 

with high levels of non-saline water show SAR values ranging from 1.88 

to 7.34 with the highest values in the Ap horizon and the lowest values 

in the B22t horizon. Medium non-saline irrigation treatments have SAR 

values ranging from 1.33 to 6.95 and the low treatments have values 

ranging from 0.41 to 2.35, all decreasing with depth as in the high 

non-saline irrigation treatments. 

Individual plots irrigated with high levels of saline water 

have SAR values ranging from 6.77 to 12.83 and medium saline irrigation 

treatments have values ranging from 3.07 to 12.48, decreasing with depth. 

The low irrigation treatments have SAR values ranging from 0.51 to 

5.59, decreasing with depth as in all other irrigation treatments. 

In general, saline irrigation treatments produced greater SAR 

values than non-saline treatments. The differences in the SAR values 
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can be explained by the differences in the irrigation water used (Table 

1). The saline water has a higher SAR value than non-saline water. 

Water levels produced different SAR values in all cases; the high levels 

producing the highest SAR values. However, the high and medium irriga

tions are not significantly different in SAR, horizonwise for a parti

cular water quality. For example, high and medium non-saline irriga

tion treatments did not have significantly different SAR values in the 

Ap horizon. This may be explained by the sodium percentage of the 

irrigation water (Table 1) and the amount of water applied (Table 2). 

As the water is added to the soil from the surface, sodium is expected 

to be higher in the Ap horizon as it replaces other cations. The 

replaced cations are leached. The high SAR in the Ap horizon may also 

be due to the fact that the greatest exchange is likely to occur in 

the surface horizon. The SAR of the Ap horizon will increase until it 

reaches that of the irrigation water. With further water addition, 

the SAR of the B21t will increase to that of the Ap horizon and at the 

same time the SAR of the lower horizons will increase. Equilibrium is 

reached when the SAR of the soil equals the SAR of the irrigation water. 

However, when irrigation water is high in bicarbonates, precipitation 

of CaCO^ may result in a higher soil SAR than that of irrigation water. 

Soil Reaction (pH) 

The pH values increase with depth but do not appear to be 

affected by water quality or level. The pH appear to depend on whether 

the particular horizon is calcareous or non-calcareous. This soil was 
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calcareous in the B22t horizon. The highest pH values were found in 

the 322t horizon as was soluble calcium content. However, there was 

an indication that saline irrigation treatments may have affected the 

soil reaction. There are consistently, though not significant, higher 

pH values in saline treatments than in non-saline irrigation treatments. 

The higher pH values in saline irrigated plots are similar to the pH 

values of the control. 

Bulk Density 

Bulk density values are given in Table 6. Bulk density appears 

to be unaffected by irrigation. Individual bulk density values for 

plots irrigated with high levels of non-saline water range from 1.42 to 

1.60 g/cm with consistently greater values in the surface horizon. 

The high bulk density in the Ap horizon may be due to soil texture, 

tillage, and compaction by water or field traffic. Plots irrigated 

with medium levels of non-saline water have similar bulk densities as 

the high irrigation treatments. However, bulk density values for low 

non-saline irrigation treatments are generally lower and range from 1.43 

3 
to 1.47 g/cm and decrease with depth. 

Bulk density values in saline irrigation treatments decrease 

with depth in all cases as did the control. Individual high irrigation 

3 

treatments have values ranging from 1.39 to 1.65g/cm , and medium treat

ments have values ranging from 1.39 to 1.65g/cm-̂ . Low irrigation treat-

3 
ments have values ranging from 1.38 to 1.55g/cm , generally with lower 

values in the Ap horizon than in the high and medium irrigation 
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treatments. This may be an indication that water compaction was 

effective in increasing bulk density. 

Higher bulk density values in high and medium irrigation 

treatments may be partly due to soil texture and compaction by water. 

The Ap horizon has a significantly different bulk density than the B21t 

and B22t horizons, according to the Duncan's multiple range test. Bulk 

densities of the B21t and B22t horizons are not significantly different. 

Porosity and Void Ratio 

Results for porosity and void ratio are given in Table 6. 

These values were calculated from bulk density and particle density and 

follow the same trend as bulk density. However, it is believed that 

although the total porosity does not appear to have changed, the size 

distribution of pores may have changed because of the dispersion effect 

of sodium on soil particles. 

Water Retention 

Results for water retention determination are shown on Figures 

1, 2, 3, and 4. Water retention appears to be unaffected by irrigation 

treatments. The differences observed seem to be related to soil texture 

Water retention increases with depth as a result of increased clay con

tent. Figures 1, 2, 3, and 4 show the water retention at 1/3-, 3-, and 

15-bar tension. As the figures show, there were no significant differ

ences in the water characteristic curves as influenced by treatment. 
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Hydraulic Conductivity 

Hydraulic conductivity C^) values varied greatly but definite 

reductions were found in the Ap horizons of high and medium treatments 

(Table 6). Individual plots irrigated with high levels of non-saline 

water had K values ranging from 0 .9 5 to 13.38 and cm/30 min. Values 

for the madium irrigation treatments ranged from 0 49 to 9 .96 cm/30 min. 

and low irrigation treatments ranged from 3.84 to 13.36 cm/30 min. All 

the K values increased with depth. The wide ranges in hydraulic con

ductivity can be explained by differences in samples which could be due 

to the presence of cracks, animal holes or root channels. Conductivi

ties were greatly reduced in the Ap horizon of high and medium non-saline 

irrigation treatments compared with the control. The K values for the 

B21t and B22t are essentially the same in most profiles, but in some 

cases the K of the B22t was lower. These differences in K could be due 

to the differences in clay content. 

Plots irrigated with saline water have K values following the 

same trend as those of non-saline irrigation treatments except that the 

values for high and medium saline irrigation are lower in the Ap horizons. 

The values for high saline treatments range frcm 0.13 to 12.30 cm/30 min., 

with the lowest values in the Ap horizon. Medium treatment K values 

range from 0.75 to 12.90 cm/30 min. with lower values in the Ap horizon 

as in the high treatments. Hydraulic conductivity values for low saline 

irrigation treatments are similar to those of low non-saline treatments 

and the control. 
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According to the linear regression analysis of the data, hydrau

lic conductivity was affected by level of water application, horizon 

and water quality. Low irrigation treatments affected the hydraulic 

conductivity the least. High and medium treatments were not signifi

cantly different in non-saline plots, but were different in the surface 

horizons of saline irrigation treatments. High saline irrigation treat

ment reduced the K of the Ap horizon to a greater extent than medium 

treatment. 

The reduction in K in Ap horizons of high and medium treatments 

can be explained by the dispersive effects of sodium. The results show 

that K is correlated with SAR and soluble sodium. According to Sanks 

et al. (1976), SAR is the single most important parameter in terms of 

prolonged water application to soils. They reported that the use of 

irrigation water with high SAR values would impair soil permeability 

especially when the soil is high in bicarbonate. Sodium tends to dis

perse soil particles resulting in a decrease of macropores/micropore 

ratios and consequent reduction in water movement through the soil. 

Thomas et al. (1968), reported that the use of sewage effluent for 

irrigation can cause physical clogging of soil pores and reduce the 

infiltration rate of the soil as well. 

The results in this experiment show that plots irrigated with 

saline water have lower K values in the Ap horizons than plots irri

gated with non-saline water. The effect of sodium on the K values of 

the Ap horizon is so well pronounced probably because of the consistent 
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movement of applied water through this horizon and the compacting 

effect of water itself. Constant disturbance is necessary for soil 

dispersion and the water flux in the Ap horizon provides this require

ment. 



CHAPTER V 

SUMMARY 

Irrigation with saline or non-saline water affected several 

chemical and physical properties of the soil. All irrigated plots have 

increased salt concentration as indicated by electrical conductivity 

(EC) values of saturated paste extracts. The rate of salt increase 

appears to be related both to the quantity and quality of water applied. 

Saline water increased the soil salt content throughout the profile to 

a greater extent than non-saline water. The pattern of distribution, 

however, cannot be explained fully by the amount of applied water and 

salts. Other factors such as rainfall, irrigation, and climate influ

enced the distribution. Rainfall received and evaporation determined 

the salt concentration and location at sampling time. Irrigation also 

determined the location of the salts in the soil profile. Furrows are 

usually more leached than the beds due to the nature of water movement 

under this irrigation system. This is especially true in a soil with 

as much sand as this soil. Thus, the salt contents obtained greatly 

depend on the location of the sample in relation to the furrow and bed. 

All samples were collected as similarly as possible, but some differen

ces which may have occurred may explain the variability of the EC's 

within the same horizon. 

Climatic factors are also important. When irrigated soil is 

subjected to evaporation, the water flux occurs upwards and downwards 
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simultaneously in different parts of the soil profile. Thus some 

a s m the irrigation water continue to move downward with the water 

and at the same time salts near the surface move upward and accumulate 

in the surface horizon. The amount of salt which moves to the soil 

surface depends largely on the salt quantity in that part of the soil 

that is shallower than the effective depth of capillary movement. 

According to Moore and Hefner (1977), the EC in the bed may be as much 

as six times higher than in the furrow due to differential leaching. 

These processes may explain the distribution and concentration of salts 

encountered in this experiment. 

The decrease of soluble sodium with depth can be explained by 

the sodium percentage of the irrigation water (Table 1). The sodium 

percentage was high in both non-saline and saline irrigation water. 

The greatest sodium exchange probably occurred in the surface horizon 

because of the amount of water received. Sodium is also more likely to 

move from the lower horizons to the surface as the soil water evapor

ates. Sodium content is believed to have had some important affects on 

some soil physical properties which will be discussed later. 

Increasing calcium contents with depth may be due to the leach

ing effect and the calcareous nature of the lower part of the soil pro

file. Some of the calcium carbonate may be water soluble and probably 

accounts for the high soluble calcium in the B22t horizon. Some of 

the calcium in the soil was added with irrigation water as both sources 

of water contained considerable amounts of soluble calcium. The con

centration of calcium in soil affects some soil physical properties 
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such as soil structure and the distribution of the pores which in 

turn affect the hydraulic conductivity. Calcium tends to flocculate 

soil particles and improve soil structure. Thus, calcium distribution 

may partly account for the observed differences in the hydraulic con

ductivities of different horizons. 

Magnesium contents are low in all treatments including the con

trol and is therefore not believed to have had a great impact on the 

chemical or physical properties of the soil. The SAR values, however, 

decreased with depth as did sodium content. Calcium and magnesium 

tend to flocculate soil particles whereas sodium tends to disperse 

them. However, some reports on the dispersive properties of cations 

have suggested that Mg is capable of dispersing soil particles under 

certain conditions (Whittig, 1959). 

Hydraulic conductivity was the most important soil physical 

property affected by irrigation with high and medium levels of water. 

The reduction in hydraulic conductivity can be explained by the high 

sodium contents in the affected Ap horizons. Sodium disperses soil 

particles causing some of the smaller particles to migrate and block 

some macropores, thereby reducing hydraulic conductivity and permea

bility. In this experiment, applied irrigation water reduced the 

hydraulic conductivity because the irrigation water was high in sodium. 

Soil dispersion also destroys soil structure which results in restricted 

water movement through the soil. 



53 

The low hydraulic conductivities in plots irrigated with high 

and medium levels of saline water are of particular interest. Field 

observations revealed crusting problems. The low infiltration caused 

by crusting may partly account for the salt distribution in the high 

saline irrigation treatments. Infiltration rates were assumed to be 

equivalent to the K values of Ap horizons. It is likely that initially 

the leaching process was effective but at some time, infiltration rates 

dropped, resulting in the applied water remaining at the surface for 

some time. The evaporation of this water resulted in an accumulation 

of salts in the remaining water, resulting in a higher salt load for 

the surface horizon. When the soil dried, some salts in the B21t hori

zon may have moved to the surface by capillary action. Thus, the B21t 

horizon ended up with lower salt content than either the Ap or B22t 

horizons in the high saline irrigation treatments. 

The relative amounts of sodium, calcium, and magnesium in irri

gation water are of special importance due to their effects on soil 

physical properties such as the hydraulic conductivity. The Ap horizon 

is likely to be affected first by irrigation water high in sodium 

because the horizon receives the largest amounts of water which creates 

conditions conducive to soil dispersion in the presence of sodium. 

Evaporation and evapotranspiration also cause salts to accumulate in 

this horizon, improving conditions necessary for soil dispersion. 



CHAPTER VI 

CONCLUSION 

The saline water used in this experiment may represent a poten

tial salinity hazard when used for irrigation. Although the results 

do not indicate severe deterioration of soil physical properties, it is 

important to bear in mind that the process of salinization may take a 

long time and may not develop until several years after irrigation is 

initiated. These results show short-term effects of irrigation with 

poor quality water. There is every indication that soil salinization 

does not entirely depend on water quality. Other factors, including 

level of water application, drainage, management practices, and some 

climactic factors influence salinization. It is believed that salt 

accumulation with attendant problems, will continue in these plots if 

the present practices are continued. Careful evaluation of irrigation 

water and anticipation of its possible deleterious effects on soil 

properties are necessary before any major application of the water to 

the field. 

As the results in this study indicate, the use of poor quality 

water for irrigation could have detrimental effects on SAR, EC, and K. 

In order to prevent such problems or curtail further problems, 

the following measures may be necessary: (1) irrigating more frequently 

in order to maintain a greater soil water supply to the crop and prevent 

salt accumulation, (2) alternating irrigation with saline and non-saline 
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water in order to leach excessive salts or dilute the salt concentra

tion within the soil, (3) the use of extra water to satisfy the leach

ing requirement, (4) growing of crops that are salt tolerant, and (5) 

improving the method of irrigation in order to get better control of 

water flow and distribution. Irrigation method and management practices 

are believed to be the key factors for successful irrigation. Salt 

accumulation can be controlled by preventing excessive evaporation. 

This can be done by mulching the wetted soil surface. However, such 

practices may not be practical in areas where mulching materials are 

limited. Synthetic mulching materials may provide a solution if they 

can be economically produced. 
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