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ABSTRACT

In this study, well and drainage water were mixed

at different rates, and treated with varying amounts of

H 2SO 4 to determine if drainage water could supplement

ground water supplies and if H 2SO 4 would improve the

irrigation water quality of the water mixtures.

This study showed that adding amounts of H 2SO 4

equivalent to 15 percent of CO 3 + HCO 3 in irrigation

water reduced the detrimental effect of salinity on soil

properties and plant growth.

In such cases H2SO 4, which is becoming abundant

as an industrial by-product, could be an economic aid in

reducing adverse effects of excessive levels of exchange-

able sodium in irrigated soils.

ix



INTRODUCTION

A permanent and prosperous irrigated agriculture

is dependent on an adequate supply of irrigation water

of satisfactory quality. Both adequate supply and

satisfactory quality are influenced by each other, and

both are influenced by the chemical and physical nature

of the soil, climate, adequacy of drainage, crops grown,

and various farming practices.

The presence of a large amount of soluble salts

in soils of arid and semi-arid regions is an important

factor which often limits agriculture productivity. The

primary source of these soil salts is either the continu-

ous use of poor quality irrigation water or evaporation

in areas having a high water table.

In many cases, successful irrigation farming is

more dependent on the management practices followed than

on the quality of water available (Longenecker and Lyerly

1958). This study deals with the effect of the quality

of water on the physical properties of the soil and

plant growth of soils from Gila Bend, Arizona. It also

deals with the possibility of using drainage water from

Gillespie Dam to supplement local groundwater supplies.

1
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Knowledge of the composition of the salt in

soils and irrigation water gives an idea of the exces-

sive level of exchangeable sodium relative to the

calcium and magnesium present in the soil or irrigation

water. This knowledge permits better decisions to be

made in order to best use these resources for maximum

benefits.

The soluble components when applied during irri-

gation are a major factor in numerous chemical reactions

before, during, and after it percolates through the soil

profile. Cation exchange involving the organic and in-

organic colloidal complex of the soil takes place among

these reactions.

Salts and exchangeable sodium induce severe

injuries to plants. Irrigation with water containing

high amounts of soluble salts and sodium can create

saline-sodic soil conditions which interfere with plant

growth if there is not enough calcium and magnesium in

the soil or water to prevent the formation of sodic

conditions.

Sulfuric acid is one chemical amendment which

has become widely used for improvement and reclamation

of sodic and saline-sodic soils by reducing the exchange-

able sodium content and increasing the available amount

of Ca and Mg relative to sodium.
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This study reports the effects of sulfuric acid

on the physical and chemical soil properties, plant

growth and yield in a soil irrigated with poor-quality

irrigation water.

Soil samples were collected from two fields at

the Paloma Ranch, Gila Bend, Arizona, a large commercial

farm which produces cotton, wheat, alfalfa, plantago,

and other crops. Development of land in Gila Bend has

been retarded by a shortage of water, particularly acute

during the summer, since the turn of the century (Youngs

and Isaacson 1904). The accumulation of alkali salts

presents a problem in this area. These accumulations can

be attributed to the fact that the available irrigation

waters contain considerable quantities of these salts

(Youngs and Isaacson 1904).

The Gila Bend area lies in the geographic

climatic region known as the arid southwest. This region

has high mean temperatures and very high maximum tempera-

tures, a large amount of intense sunlight, a small annual

rainfall, and low humidity. The vegetative cover is

sparse over the greater part of the area and has

apparently had very little influence on soil development.

The vegetative cover is related to soil moisture and salt

content of the soil.



The soil of this region is in general light

brown or light grayish-brown at the surface with a

distinct pink or red tinge and is very low in organic

matter. In the more mature soil, the subsoil contains

a very high concentration of lime and is very compact

or cemented (Youngs and Isaacson 1904).

The soils in this study have been classified as

Laveen sandy loam according to the classification of

Youngs and Isaacson (1904). Laveen sandy loam is the

soil of a greatest agricultural importance, both present

and potential, mapped in the Gila Bend area. This study

is to examine any possibilities of using a new source of

irrigation water, such as Gillespie Dam water mised with

different proportions of well water, both collected from

Gila Bend area.

Soil and water of the general area tend to be

affected by high salinity and sodium. If the unused

Gillespie Dam water is tapped and added to the supply,

the salinity and sodium hazard will increase. Adding to

the present water supply, however, would allow consider-

able expansion of the irrigated area. Adding this higher

salinity water to the supply could be accomplished by

extending their canal and no pumping costs would be

involved.
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Two sources of water were collected for the study:

(1) the regular canal irrigation water supplied by a

series of wells, and (2) surface water from the Gillespie

Dam.

The purpose of this study is to determine the

effects of using various mixtures and acidified mixtures

of the two water sources on the growth of alfalfa

(Medicago sativa L. CV. Sonora) in the greenhouse. In

addition, a mixture of irrigation water will be used

with or without adding sulfuric acid to keep the pH of

the water to about 7.0.

One soil represents an area previously cultivated

while the other represents an area newly leveled for irri-

gation. Both areas are sandy barns. Some sodic areas

with limy subsoils are common (Youngs and Isaacson 1904).

Specific objectives of the laboratory and green-

house studies are:

1. Estimate the effects of using higher salinity

water on soil properties.

2. Estimate the effects of each water on plant

growth.

3. Determine if water treatment with sulfuric acid

will maintain or improve the physical properties

of the soil and/or the plant growth.



LITERATURE REVIEW--THE EFFECTS OF SALINITY

Physical and Chemical Properties of Soil 

A salt-affected soil is one in which salt has

accumulated sufficiently to reduce or interfere with crop

yield. The source of the salt that accumulates in a

soil usually is from irrigation water. Water from sur-

face streams and underground sources contain salts.

According to McNeal and Coleman (1966), irrigation water

may contain amounts of salts ranging between 0.1 and 5

tons per acre-foot of water.

Considering the topic of our literature we need

to give some attention to the characteristics of salt-

affected soils, both in soils affected with salt prior

to irrigation or with salinity resulting from irrigation.

Salt-affected soils can be separated into three

different classes.

1. Saline soil: Often is recognized by the presence

of white crusts on the soil, by spotty plant

stands, and by stunted and irregular plant growth.

The salt concentration in the saturation extract

exceeds 4 mmhos/cm at 25°C, exchangeable sodium

percentage is less than 15%, and the pH less than

or equal to 8.5.

6
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2. Non-saline-sodic soil: This soil is low in

soluble salt, but contains sufficient exchange-

able (adsorbed) sodium to interfere with water

movement and hinder the growth of Na-sensitive

plants. The exchangeable sodium is not easy to

leach until displaced by other cations such as

calcium or magnesium. Since the electrical

conductivity of the soil is less than 4 mmhos/cm

at 25 ° C, the ESP is more than 15%, and the pH

between 8.5 and 10.0, these soils are considered

to be strongly alkaline. Under such conditions

some elements such as phosphorous and iron become

less available for plants. The excessive level

of sodium-relative to Ca and Mg increases

dispersion of the soil particles and results in

soil structure destruction. Usually it reduces

the permeability of the soil and results in

stunted growth. Moreover, organic matter is

dissolved by NaOH and disperses in the soil

resulting in the black soil surfaces. This may

result from a high percentage of sodium in irri-

gation water, which under certain conditions

precipitates Ca and Mg as carbonates and accen-

tuates the sodium problem.
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3. Saline-sodic soil: Under this condition, the

soil has excessive quantities of both soluble

salt and exchangeable sodium. The saturated

extract of soil solution has more than 4 mmhos/cm

at 25 ° C, more than 15% ESP, and the pH is less

than 8.5. Saline and saline-sodic soils may be

improved by replacing exchangeable sodium with

calcium and magnesium. This may be done by an

amendment such as gypsum in non-calcareous soil,

or H2SO 4 to change the pH and increase the solu-

bility of Ca and/or Mg carbonate in calcareous

soil. The soluble Ca will replace sodium from

soil particles and thus improve the structure.

Plant Growth 

Soil salinity may stunt plant growth. While the

primary effect of salinity is the stress of plants due

to unavailability of water, toxicity sometimes occurs.

Analysis of saline and alkaline soils for soluble

salts shows that these affected soils contain mainly the

-2
cations Ca

2+ , Mg2+ , and Na+ , and anions such as SO

and HCO3 . 
However, K

+ , CO3, NO3, B0 3
-3

' and Li
+ 

are

or may also be present in minor proportions. The latter

two contaminants are toxic when present in high concen-

tration. The factors affecting plant growth and hence

yield are discussed below.
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Osmotic Effect 

As the salinity increases, water becomes in-

creasingly less available to plants. This is because

plant roots are subjected to the effect of the increasing

salinity. Excess of soluble salt around the root zone

reduces the ability of the plant to absorb water due to

the high osmotic pressure. Plants, however, can increase

their osmotic pressure by absorbing salts. This adjust-

ment differs with different plant species. Factors which

affect osmotic pressure of the soil are (1) water content

and (2) the nature of the salts and their concentration.

Many investigators have reported about the effect

of osmotic pressure on plant growth. Eaton (1941) re-

ported that salinity would increase the osmotic pressure

of the soil solution and hence impair the ability of

plants to absorb water.

Nutritional Effect 

This is a salt-induced nutrient deficiency rather

than osmotic pressure or ion toxicity. (Toxicity is when

an ion in solution is present at a concentration which

has some direct damaging effect on plants.) Some ele-

ments accumulating in harmful concentration result in

injury of plant tissue and affect the availability of

other elements. The presence of sodium in high
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concentration in the soil solution will interfere with

calcium uptake, causing Ca difficiency which is known as

"Na-induced Ca deficiency" (Chang and Dregne 1955).

Moreover, some ions, when present at a high concentra-

tion, reduce or inhibit uptake or other ions. Higher

concentrations of S0 4
. 
ions in the soil solution decrease

the uptake of calcium while promoting the uptake of Nat .

Bernstein (1964) reported that salinity decreases Ca and

Mg levels and increases the P level in plants. Hassan

et al. (1970) also reported the negative relationship

between salinity and uptake of Mn and Na. Regarding the

influence of salinity on micronutrient availability,

little information is available. Patel (1972) attributed

the deficiency of phosphorous and most trace elements to

soil salinity.

Specific Toxic Ion Effects 

Specific toxicity is a result of accumulation of

certain elements to a toxic level. Ions such as Na+ and

Cl- are the major ones causing injury of sensitive plants.

High concentrations of such elements cause leaf burn while

other elements such as boron result in toxicity even at

low concentration. Boron was considered by Eaton (1935)

as a harmful element for plant metabolism. Also, Eaton

(1935) and Hayward and Spurr (1943) found a number of
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plants that are sensitive to Cl. There is some cor-

relation between the concentration of some element in the

soil and plant. Gene and Thorn (1955) showed that HCO 3 -

ion concentration reduced the uptake of oxygen by roots,

thus causing toxicity for plant growth.

The Indirect Effects of Salt on Plants 

The effect of salinity and alkalinity on plants

are those associated with soil properties. The soil's

physical properties affect the structure of the soil and

consequently affect the permeability of the soil result-

ing in poor infiltration and poor soil aeration. Limited

availability of 0 2 will thus result in stunted plant

growth. All these occur as a result of excessive level

of exchangeable sodium relative to low salt concentration

(McNeal and Coleman 1966, Singh and Jaswal 1973).

According to Wadleigh and Gauch (1947), certain plants

are capable of penetrating their roots into a specified

salty soil, which did not affect water uptake by plant.

When sodic soils (excessive level of exchange-

able sodium relative to calcium) are ploughed under wet

conditions, the soil structure is destroyed (puddled)

and with the abundance of moisture present the soil

will become deficient in oxygen. Under this condition

gaseous exchange will be restricted, causing the CO 2

concentration to increase.
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Sodic soils with excessive level of exchangeable

sodium when ploughed dry will result in big clods. Upon

wetting, these clods will break down and the particles

become dispersed resulting in poor aeration and 0 2 de-

ficiency. High accumulation of CO 2 from root respiration

results in poor plant growth.

The Influence of Irrigation Water Quality 
on Soil Properties 

There are several ways to determine the quality

of irrigation waters. Some of these determinations in-

dude EC, SAR and the residue of HCO 3-0O 3 ion. Electri-

cal conductivity (EC) can easily be related to the total

salt content. It is usually expressed as mmhos/cm. The

sodium absorption ratio (SAR) is the relative concentra-

tion of sodium to the square root of calcium and magnesium

ions (Gapon 1933). It is defined as Na+//Ca++ + Mg++

where the ion concentration is in mole/liter.

The fact that the quality of the irrigation water

affects the soil properties has been shown by many

investigators. The two most important soil properties

affected by poor quality irrigation water are the permea-

bility and the total salts in the soil.

The permeability of a soil decreases when ex-

changeable sodium percentages increase. This may occur

in irrigated soils under different circumstances. One is
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when an irrigation water that is high in Na
+ 

relative to

Ca
++ 

and Mg
++ 

is used. Another case is when a saline-

sodic soil is irrigated with good quality water. The

Ca
++ 

and Mg++ ions are leached out leaving behind a

sodic soil. In some cases where the HCO
3
- concentration

of the irrigation water is high Ca and Mg precipitate.

Babcock et al. (1959) determined that using irrigation

waters with high concentrations of HCO 3 - ions will cause

an increase in the exchangeable sodium percentage (ESP)

of the soil, consequently affecting soil permeability.

They also found that soluble salts and exchangeable Na

increased with depth leaving behind a high Na
+ 

concen-

tration relative to Ca
++ 

and Mg
++ concentration.

Thorne and Thorne (1961) found that the salt

content of the soil was closely related to the salt

content of the irrigation water. Bower, Ogata and Tucker

(1968) related the ESP of the soil to the SAR of the

irrigation water by using a pHc value defined by:

ESP = 2 SAR[1 + (8.4 - pH c )]

where pH c is:

pHc = pk i - pk 2 + p(Ca + Mg) + pAlk

in which

pk1 = 
dissociation constant of H 2 CO 3

pk 2 = solubility product constant of CaCO3
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p(Ca + Mg) = log of Ca + Mg concentration, in

meq/liter

PI = (8.4 - pHc ), precipitate index.

Bower (1959) earlier had used the same pi-I 0 to

develop the precipitate index (PI). The precipitate

index is defined as (8.4 - pH). This pHc was calculated

above. If the PI is positive, CaCO 3 will precipitate

from the irrigation water; if PI is negative, the CaCO 3

dissolves from the soil into the irrigation water.

Potential Production and Availability of
Sulfuric Acid 

Due to implementation of air pollution control

measures, the production of sulfuric acid has been in-

creasing rapidly in southwestern smelters (McKee 1969).

Coal-burning power plants present another big potential

for the production of H 2 SO 4 .

In the southwestern states, acid production from

copper smelters alone increased from an annual rate of

100 thousand to about one million tons within the past

few years and further increase in production is pro-

jected in the future (McKee 1969, Jones 1972).

The acid is also produced from oxidation of

sulfonated minerals and organic sulfur as a result of

microbial activities in mining areas (Blevins, Bailey
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and Ballard 1970) and in acid sulphate soils. H2 SO 4 and

sulfur dioxide (SO 2 ) both are common waste products of

smelting, fossil fuel combustion and other industrial

activities. In the southwestern United States, about

three million tons of SO2 are being discharged into the

atmosphere (McKee 1969) and this amount absorbed by or

precipitated on the soil and plants (Bohn 1972, Robinson

and Robbins 1968). Production of sulfuric acid (H 2SO4)

in the southwestern United States may exceed demand in

the near future and thus require disposal in some manner.

Reduction of SO 2 will increase the amount recovered as

H 2SO before discharging it into the atmosphere. The

proper use of H 2 SO 4 in calcareous and sodic soils will

increase their productivity appreciably (Tidale 1970).

Treatment of poor quality water and large areas of sodic

soils has proven to be a beneficial use for surplus acid

(Miyamoto, Prather and Stroehlein 1975; Yahia, Miyamoto

and Stroehlein 1975). Consequently the abundance of

H2SO 4 can be utilized in reclamation of soils and irriga-

tion water and will be an aid to agricultural production.

Bohn and Westerman (1971) estimated the amount of H 2 50 4

which agriculture could use as a conditioner and improve

the physical properties of the soil.
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Reaction of Sulfuric Acid When Applied to 
Calcareous Soils 

Under arid and semi-arid regions most soils have

a high content of CaCO
3' 

A high soil content of ex-

changeable sodium (Na) has been given as a reason for

poor soil structure and unfavorable physical properties.

These happen in some soils. The main problem of most of

the soils of the southern Arizona region is the presence

of excess amounts of salt and some local areas have

excess amounts of exchangeable sodium. This problem is

aggravated by an excess amount of soluble sodium in the

irrigation water. Gila Bend area is an example of this

problem where the soils contain high amounts •of exchange-

able sodium and the water is high in sodium salts. This

situation results in low permeability of the soil caused

by the destruction of soil structure by the exchangeable

sodium salts.

The United States is one of the countries in

which sulfuric acid has been used for reclaiming alkali

soils for almost 80 years, despite the fact of the

difficulty encountered in its application. New techniques

in application methods will facilitate the use of H 2 SO 4

as a soil amendment.

The reason for using sulfuric acid is that it

reacts with soil carbonates (mostly calcium carbonate
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and some dolomite) present in calcareous soils. As a

consequence an increase in the availability of Ca and Mg

will occur and give more chance for them to replace

sodium in the exchangeable fraction of the soil particles.

This will facilitate the leaching of Na.

It is commonly assumed that one mole of_

H 2SO 4 replaces two moles of exchangeable sodium

(Overstreet, Martin and King 1951).

Sulfuric acid is applied by different methods.

However, in most cases it is applied directly over the

surface of the soil.

Effect of Sulfuric Acid on Soil Chemical 
and Physical Properties 

The components of the irrigation water (well or

drainage water) are subjected to numerous chemical reac-

tions before and after the water percolates through the

soil. As a result of these reactions the soil properties

undergo certain changes. Exchange of cations takes place

during these reactions, especially when calcareous soil

is irrigated. Unbalanced concentrations of elements such

as Ca, Mg, and Na in the soil adversely influence the

physical and chemical properties of the soil. The prob-

lem of high Na content relative to Ca and Mg occurs in

sodic or saline-sodic soils. This condition interferes

with plant growth. The use of H 2 SO 4 to correct this



18

problem has been investigated by many researchers

(Yahia et al. 1975).

A preliminary study in 1974 revealed less than

two tons of H 2SO 4 per acre under arid and semi-arid

zones would greatly increase the infiltration rate when

using low salt water with high sodium to calcium ratio

(Miyamoto 1974).

Some studies done by Gumma, Prather and Miyamoto

(1976) evaluated the benefits of sulfuric when added to

irrigation water in amounts sufficient to prevent Ca

precipitation. Also, they considered the rate of acid

which reduces the sodium hazard and increases the rate

of water penetration as a result of improvement of the

soil structure.

Calcium activity plays a big role in soil

structure formation (Mg, approximately the same, also)

and has an opposite effect to that of sodium.

Field studies at the Buckelew farm in the late

1960s by The University of Arizona (Armstrong 1974) re-

vealed that application of well water with high SAR

resulted in high exchangeable Na in the soil. Use of well

water with a high calcium content on an adjacent field

of the same soil type did not cause an accumulation of

exchangeable Na or water infiltration problems.



MATERIALS AND METHODS

The soil samples were collected from two field

locations on the Paloma Ranch near Gila Bend, Arizona.

One sample was from a field cultivated for an undetermined

period of time and the other from a newly cultivated

field.

Representative soil samples were collected from

the surface 30 cm of topsoil with the assumption that most

of the root activities take place within that depth.

Soils collected from the field were dried, crushed and

passed through a 2 mm sieve. The soil was placed in 15 cm

diameter pots and planted to alfalfa, at the rate of ten

seeds per pot, and were thinned to five plants per pot.

Gillespie Dam water was collected fromthe surface

drainage water in the Gila Bend area. The amount of H2SO 4

added depended on the concentration of HCO
3 
in the

Gillespie Dam water (Table 1).

Satisfactory plant stands were established

initially throughout the growing season. Approximately

equal volumes of water were applied to each pot. Alfalfa

was harvested two times. Salt concentrations in each

pot were determined after harvest by measuring the

1 9
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Table 1. Amounts of H2SO 4 added to water mixtures.*

Fractions of Well and
Drainage Water 	 ml of 0.36 N H2SO4 added
Well Water	 Drainage Water
	 to this mixt ure

	%	
0 100 14.6	 =	 15

25 75 6.7

50 50 6.1

75 25 6.4

100 0 6.7

* The volume of H2SO4 added to the water mixture is
equivalent to the amount of HCO and CO3 that should
be removed from this mixture. The equivalents of HCO
and CO3 in the water mixture were determined by the pRc
value.

ml H SO -2 4	 normality (N)
meg H 2 SO 4
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electrical conductivity of the extracted solution from

the soil.

Experiment Two 

Soil samples were collected from previously

cultivated fields at the Paloma Ranch. The soil is

saline and slightly sodic.

The dry matter yield per pot and per plant, and

germination percentage per 5, 10, and 25 seeds of

durum wheat (Triticum sativa L.) CU Jori 69 were

measured. Four soil treatments were applied

with and without 0.36 
1\-T- H2 SO4' Four milliliters

of 0.36 N H 2S0 4 was mixed with 100 ml of irrigation

water, regardless of the HCO
3 and CO 3

2- 
content. The

treatments were:

1. 100% well water (W).

2. 90% W + 10% drainage water (D) from Gillespie

Dam.

3. 80% W + 20% D.

4 • 70% W + 30% D.

Each treatment was replicated three times. After de-

termining the yields of the dry matter per pot, per plant,

and the percentage germination of 25 seeds per pot,

the soil of each treatment was leached with the irriga-

tion water. Five seeds per pot were planted after the
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leaching. The percentage germination was then deter-

mined. Then seed were planted per pot on the same soil

without further leaching. The data were analyzed

statistically.

Chemical Analyses 

Plant Analysis 

Cations of Na, K, Ca, and Mg. Plants were cut

about 2 cm above the surface of the soil and washed in

0.05 N HC1 for about 30 sec. The plants were then

successively rinsed in two buckets of deionized water,

dried at 60 ° C, and ground in a stainless steel Wiley
mill fitted with a 20-mesh stainless steel screen

soldered with silver to minimize trace element contamina-

tion.

1. The Na, K, Ca, and Mg in plant tissue samples

were determined according to methods of the

U.S.D.A. Salinity Laboratory Staff (1954).

Approximately 0.16 gm sample of the leaf material

was oxidized with 15 ml of nitric acid-H
20-

perchloric acid (1:1:1 ratio) and left to stand

overnight. Then it was treated with 5 ml of

nitric acid. The mixture was heated until it

was reduced to a volume of 2 ml. This solution
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was diluted to 100 ml with deionized water.

K and Na were determined by flame emission

spectrophotometry. Ca and Mg were measured by

atomic absorption spectrophotometry (Table 2).

Soil Analysis 

1. Electrical conductivity and Na, K, Ca, and Mg.

2. Exchangeable sodium percentage (ESP).

3. pH (see Table 3).

Soil samples were taken from each pot after har-

vest. The soil samples were crushed through a 2 mm

stainless steel screen and analyzed for Ca, Mg, Na, K,

N, and P by the Soil and Water Testing Laboratory of The

University of Arizona. The electrical conductivity (EC)

and pH of the soil samples were also measured.

Chemical analysis of each sample were made by

the following methods:

1. Electrical conductivity of the saturation extract

of the soil was determined with a Beckman model

RC-19 conductivity bridge using a 2 ml pipette

cell which had been calibrated with a standard

KC1 solution.

2. Calcium and magnesium in the saturated extract

were determined by atomic absorption spectro-

photometry.
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3. Na and K in the saturated extract were determined

by flame emission spectrophotometry.

4. Nitrogen in the soil samples was determined

according to Black (1965) using a micro-Kjeldahl

method.

5. Available soil phosphorus was extracted with a CO 2

and water orthophosphate determined by a NA 2 00 3
fusion method suggested by Black (1965).

6. pH was measured in a saturated paste.

Water Analysis 

Both types of water, well and drainage, were

analyzed before being treated by the Soil, Water and

Plant Analysis Laboratory at The University of Arizona.

The following measurements were conducted (Table 4).

1. E.C. (electrical conductivity).

2. pH.

3. Ca2+ , Mg 2+ , Na	 as major cations; and SO 4 ,

Cl- , HCO
3
- , and 00

3 
as major and minor anions.

4. Nitrate.

5. RSC (residual sodium carbonate).

6. SAR.

The analysis was as follows:

1. Calcium, magnesium sodium and potassium were

measured by atomic absorption spectrophotometry.
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2. SO4 was determined by colormetric method, which

involved barium chloride. The excess barium

reacts with methylthymal blue to form a blue-

colored chelate.

3. Nitrate-nitrogen: auto analyzer involved with

copper-cadmium reductor column.

4. Cl- was determined by colormetric method which

involved mercuric thiocyanate and Fe
+3

+2
Hg	 reacts to form HgC1 2 and the liberated

thiocyanate forms a highly colored ferric

thiocyanate proportional to the original chloride

concentration.

5. CO
3 
and HCO

3 
w
e
re determined by titration with

0.01 N sulfuric acid and phenophthaline as

indicator.

6. Residual Sodium Carbonate (RSC) and SAR were

determined by computation.

The SAR of both waters (Table 5) were classified

as:

1. C LI • S 2 .

2. Very high salinity-medium sodium.

According to the U.S.D.A. Salinity Laboratory

Staff (1954) such water is used only on well-drained

soils such as those of Gila Bend soil, because it has
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Table 5. SAR of well and drainage water mixtures.*

% of
	

% of	 Mixture	 SAR of Water
Well Water
	

Drainage Water	 Number	 Mixture

0 100 1 9.36

25 75 2 8.81

50 50 3 8.27

75 25 4 7.7

100 0 5 7.18

* SAR = sodium adsorption ratio.

very good permeability. The porosity of each soil was

determined by the following equation (Israelsen and

Hansen 1962).

n = 100 (1 - —
As

)Rs -

where

n = porosity

As = specific weight of soil

Rs = real specific density of the soil.

The values for the previously cultivated and newly culti-

vated soils were 53 and 51%, respectively. These values

seem to be very high, however the problem is with the

subsoil which has a hard pan and cemented layers. The
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Salinity Laboratory suggests that the sodium may cause a

water penetration problem, which makes leaching diffi-

cult. Application of organic matter to the soil will

help. Only plants with high salt tolerance should be

selected.

Sulfuric Acid Addition 

The rate of sulfuric acid depends on the concen-

tration of bicarbonate present in the irrigation water.

According to Bower et al. (1968), the amount of H2 SO 4

to be added should be equivalent to the concentration

of bicarbonate in the water and it is calculated by the

following equation:

pH c = (pKi - pK 2 ) + P(Ca + Mg) + p(CO 3 + HCO 3 - )

Each term is defined below. Calculation depended on

justment of SAR where (Bower et al. 1968):

Adj - SAR = SAR[1 + (8.4 - pH)]

PI = (8.4 - pH)

where SAR is the sodium absorption ration of the water,

and PI is the precipitation index.

All these terms were defined before. A sample

calculation of the amount of sulfuric acid to be mixed

with a sample of drainage water is given here.
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Analysis of drainage water:

Na = 26.43 meq/1

Ca = 8.95 meq/1

Mg = 7 meq/1

Calculation:

Assume pH c = 8.4

PI = 8.4 — pH c (Table 4)

= 8.4 — 8.4 (where pHc = 8.4)

= o (no CaCO
3 
precipitation), from

Na + Ca + Mg concentration for irrigation

water by taking logarithms of the concen-

trations of these ions.

Then:

Na + Ca + Mg = 26.43 + 8.45 + 7 = 42.38 meq/1

.*. pK„ - pK 2 = 2.45

Ca + Mg = 8.95 + 7 = 9.55

p(Ca + Mg) = 2.35

Apply pH c = (pK„ - pK 2 ) + p(Ca + Mg) +

+ p(CO 3 = + Hc0 3— )

8.4 = 2.45 + 2.35 + pAIK

pAIK = 3.62

From this value the permissible concentration of CO3 
+

HCO
3 

can be found, which is about 0.25 (Table 6, based on

S.W.E. Handout 301, 1975, table for calculation pH c
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value of waters). Amount of acid H 2SO 4 required = actual

concentration of (CO 3 
- HCO

3
) - permissible concentration

of CO
3	

HCO
3' 

all measured in meq/1 = 5.52 - 0.25 =

5.27 meq/1 of H 2SO 4 .

meq of H 2SO 4 = volume (ml) x normality of H 2SO 4

Hence: ml of H 2SO 4 use = ;4; - 14.6u.jo

5.27 x 49 = 258 ppm of H 2SO 4 where 49 is equiva-
lent weight of H 2SO 4

lb/ac-ft of H SO 4 = 258 x 2.72 = 702 where 2.72
as "constan	 to convert ppm to lb/ac-ft.

1. Second procedure was based on removing 90% of

HCO
3 
and CO

3 
of the irrigation water:

90% x 5.52 = 4.668 = 5.0 meq/1 of H 2 SO 4

5.0 x 49 x 2.72 = 666 lb/ac-ft of H 2SO 4

2. Measurement of RSC of irrigation water:

RSC = residual sodium carbonate

RSC = (carbonate + bicarbonate) - (calcium +

magnesium) = (CO 3  HCO
3
- ) - (Ca+2 + Mg+2 ).

A. Well water:

RSC = (CO
3 
+ HCO

3
) - (Ca + Mg)

= (0 + 2.64) - (6 x 1.08)

= -4.44 meq/1

where:

HCO
3 
= 2.64 meq/1

CO
3 

= 0



3)4

Ca = 6 meg/1, and

Mg = 1.08 meg/l.

B. Drainage water:

RSC = (0 + 5.52) - (8.95 + 7) = -10.43.

From the computations it can be concluded that

RSC presents no problem in irrigation water.

3. SAP. (sodium absorption ratio):

SAR - 
Sodium meg/1 

y (Mg + Ca) meg/1
2

Solution where:

Na = 12.52 meg/1

Ca = 6 meg/1

Mg = 1.08 meg/1, and

SAR = 12.52/1/(1.08 + 6)/2 = 7.2

Classification of irrigation water was based on

the value and electrical conductivity measured in pmhos/cm:

E.C. x 10 3 = 2.45 x 1000 = 2450 pmhos/cm

and the SAR of 7.2.

Classification from USDA Salinity Laboratory

Staff (1959) is C 4-S 2 , very high salinity-medium sodium

effect. The classification for drainage water was

determined by:



SAR = Na

Ca + Mg 
2

26.4

+ 7 
2

= 9.4

Electrical conductivity (EC) was:

EC = 4.49 mmhos/cm

EC x 1000 = 4.49 x 1000 = 4490 lmhos/cm

The classification should be C 4 - S2' very high salinity-

medium sodium.

35



RESULTS

Dry matter was the only criterion used to compare

the yield of each treatment to avoid any fluctuations in

weight due the time of the day the plants were harvested,

since wilting of plants could be excluded.

The results of dry matter yield per pot are sum-

marized below.

1. Newly-cultivated soil:

a. Control.

The first cutting of alfalfa showed increasing

dry matter yield (Figure 1) as a result of mix-

ing more well water with drainage water, also

statistical analysis showed that the differences

in yield between the 0, 25, 50, 75 and 100% of

well and drainage water mixtures were significant

(Table 7). The yields in the second and third

treatments were low in the first cutting because

growth was inhibited by the excess amount of

salinity. The salinity has some influence on the

nutrient balance which also could be considered

as one factor of inhibited plant growth. However,

straight well water produced a better yield than

36
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Table 7. Analysis of variance F dry matter of plant
tissue with and without H2SO 4 in both soils.

Degrees of Mean
Source
	 Freedom	 Square F Value

T (treatments, 25, 50
75 and 100% of well and
drainage water mixtures	 4	 .33	 7.29*

S (soils)	 1	 1.70	 38.09*

A (H 2SO 4 )	 1	 .55	 12.39*

H (harvests)	 1	 .06	 11.95*

* Significantly different at 0.05 level of probability.

Note: The rest of the interactions were not signifi-
cant.
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drainage water and the results were significantly'

different (Table 7).

Yields of the second harvest were greater than

the first and with increasing fraction of well water

(see Figure 1). This may be due to lower salt content.

Treatment two and three showed better dry matter content

in the second cutting than the first cutting. This may

be due to the effect of the fertilizer added (300 ppm

of 50% calcium and 50% ammonium phosphate) to each pot,

which is probably made use of by the plant after develop-

ing its root system.

b. Adding sulfuric acid to the irrigation water.

Generally the first cutting showed an increase

in dry matter (Figure 1), as a result of the

application of sulfuric acid. Sulfuric acid

probably increased the leaching of salts or at

least reduced part of the harmful qualities of

drainage water, such as high salinity and a high

sodium content. Table 8 shows that sodium and

potassium contents of the plants were reduced

when sulfuric acid was applied with the irriga-

tion water. Well water with sulfuric acid gave

the highest dry matter yield, as a result of

leaching the excess salinity by the aid of sul-

furic acid (Table 9), and by reducing the excess
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amount of sodium and potassium in the plant

tissue (see Table 8). The highest dry

matter yield resulted from the 75% well and 25%

drainage water in treatment four, although the

amount of sulfuric acid added in treatments two

and five were the same, according to the percen-

tage of bicarbonate content. This probably

resulted in higher osmotic pressure which in-

hibits water uptake by the plant.

The dry matter yield in the second harvest gave

approximately the same result as in the first harvest.

Dry matter increased with the increasing fractions of

well water. Fifty percent drainage water without H 2 SO 4

added in the first harvest (Figure 1) gave the lowest

yield but in the second harvest, the results of 1, 2,

and 3 treatments without H2 SO 4 added gave the same

result. This is a result of the high ratio of well

water which reduced the effect of salinity.

However, Figure 1 shows that addition of

sulfuric acid to the different irrigation water applied
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had not significantly increased the yield in the second

cutting over that of the first cutting.

2. Previously-cultivated soil:

a. Control.

The first cutting showed an increasing trend in

yields with increasing fractions of well water

(Figure 2). The yield differences were statisti-

cally significant between all treatments (Table

7). They are caused by the high salinity in the

drainage water and lower salinity in the well

water.

The yields of the second harvest were similar to

the first harvest.

b. Adding sulfuric acid to the irrigation water.

The addition of the sulfuric acid gave increased

yields in both harvests (Figure 2). Table 7

shows that the differences were significant.

Sulfuric acid makes most of the nutrients such

as calcium available for plants by increasing its

solubility in solution. In addition, the sulfuric

acid can be considered as a good application to

reduce the effect of salinity and increase its

leaching out of the root zone.
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Dry matter content of the first cutting showed

an increasing trend with increasing fractions of well

water. The yield with 100% well water was statistically

the same as the yield with 75% well water.

A reduction in yield between first and second

cuttings in treatment one was observed. This was due to

a discrepancy in the treatment where rain water from the

roof of the greenhouse filled the pots of this treatment.

This probably resulted in leaching of the sulfuric acid

and salt to the bottom of the pots and caused burning of

the roots as revealed by a pathological examination of

these roots. The soil structure was observed to be

affected by this leaching process and a crusty surface

was observed after the leaching process. This crusty

surface impeded water infiltration and inhibited plant

growth.

The results of dry matter yield per pot, per

plant and the germination percent at seedling rates of

5, 10, and 25 seeds per pot are summarized below.

1. Previously cultivated soil.

a. Control (without H 230 4 ).

The dry matter yield of wheat per pot increased

with higher well water percentages (Table 10),

but the difference in yield per pot and per plant

between the 100, 90, 80 and 70% well water
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mixtures were not significant (Table 1I). The

percent germination was higher with 100% well

water than with water containing drainage water.

The germination percentages (Tables 12, 13 and 14)

were analyzed statistically and the results

showed that the differences in germination per-

centages between the 100, 90, 80, and 70%

water mixtures was significant with five seeds

per pot and with 25 seeds per pot but not reli-

able (Table 11). Differences in the germination

percentages at 10 seeds per pot were not sig-

nificant (Table 11).

The yields per pot and germination percentages

at 25, and five seeds per pot were higher with 100%

well water than with the water mixtures because the

growth and the germination were inhibited by the salinity,

i.e., high osmotic pressure, in the drainage water.

Salt accumulation around the seeds would also inhibit

germination. Salinity was one factor contributing to

plant growth inhibition. The high germination percentage

at five seeds per pot with 100% well water compared to

the water mixtures was a result of the removal of the

salt from the soil by leaching. This gave a good chance

for seeds to germinate because seeds are very sensitive
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to salts. High germination percentage at ten seeds per

pot was associated with higher well water percent. This

could be due to salt buildup in the soil during the

trial immediately preceding five seeds per pot. When

the soil was planted again with the ten-seed treatment,

the salt accumulation was visible around the seeds and

later reduced the germination as with the 25-seed treat-

ment. The infiltration decreased during the experiments

as a result of the excess salt in the treatment water

and soil crust formation.

b. Adding sulfuric acid to the irrigation water.

The amount of dry matter per pot was higher with

100% well water than the water mixtures (Table 10).

But the statistical analysis showed no signifi-

cant difference, and also was not significantly

different from the treatment without H 2 SO 4

application. This could be explained by in-

creased concentration of the salt and accumulation

in the soil due to H 2 SO 4 application. Without

leaching of the root zone, adding H 2 SO 4 yielded

no benefits.

Yields of dry matter per plant (Table 15) were

higher with 100% well water than with water mixtures but

again the results were not significantly different.
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The germination percent for the 25 seed/pot trial was

81% with 100% well water compared to 69.23% germination

with 80% w'ell water (Table 1 )4). The result was statisti-

cally significantly different (Table 11). For thé five-

seed treatment, the germination percent was 80% with 100%

well water and 53.3% germination with 80% well water
(Table 12). The results were significantly different

(Table 11). The percentage germination with ten-seed

treatment (Table 5) showed higher results, 60% germination

with 100% well water, 43.3% with 80% well water, and

56.6% with 70% well water. These results were not sig-

nificantly different (Table 11). The germination percent

with ten seeds/pot was higher without H 2SO 4 than with

H 2SO 4 , because, as mentioned before, the H2 SO 4

increased the salt concentration in the soil. The salt

accumulated in this soil and was visible around the

seeds. This prevented the seeds from germinating.

The yields and germination percentages of the

treatments without H2 4
SOh application were the same as

treatments with H2 4
SOh application, if the soil was not

leached to remove the salts from the soil.

Effect of the Quality of Irrigation Water 

It was evident that the quality of irrigation

water influenced the dry matter yield of alfalfa for

both types of soils. The quality of drainage water
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could also be improved by diluting it with well water.

Proportions of well and drainage water of 75:25 could

result in yields close to that given by well water.

This means that drainage water could be economically

Utilized through conditioning or mixing it with well

water to improve its quality.

The Combination of Water Quality and H2 SO 4

Sulfuric acid used as a conditioner with the

irrigation water reduced the pH of the water to about

7.0. Sulfuric acid also reduced the pH of the soil.

Improving the balance of nutrients, the acidification

increased plant growth and yield. Well water proved to

be better for irrigation than drainage water on both

soils. Acidification of the drainage water improved its

irrigation quality to that of the untreated well water.

The effects of acidifying the water are,

briefly:

1. H2SO 4 reduces the pH of the water and hence the

pH of the soil. These changes will increase the

solubility product of CaCO
3 
and later increase

the concentration of Ca as reported by many

researchers such as Hart (1975). This higher

level of Ca+2 will improve the soil and hence

increase plant growth by reducing the level of

exchangeable sodium which is toxic to plant
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growth and results in poor soil structure,

hence poor water penetration and aeration.

2	 Sulfuric acid has another benefit by increasing

the availability of Fe (Rian, Stroehlein and

Miyamoto 1975) and P (Ryan and Stroehlein 1973).

Harmsen and Kolenhirander(1965) reported that

H 2SO 4 increased the nitrate in the soil.
Overstreet et al. (1951) reported that H2 SO 4

increases the availability of micronutrients.

Yields and the Correlation of 
pH with ESP and EC 

The yields of both soils increased as the amount

of salinity decreased. This can be done by using sul-

furic acid or using different proportions of well and

drainage water. However, H 2 SO 4 is more effective in

reducing the pH of soil than the water mixtures. The

reduction in pH of the soil will result in an increase

in the availability of Ca and Mg. This comes as a

consequence of increasing the solubility of CaCO 3 or

dolomite as reported by Kramer and Duke (1969). The

increase in Ca and Mg in the soil will lower its ex,-

changeable sodium percentage, ESP. Lowering the ESP of

the soil initially increases the soil salinity, EC (elec-

trical conductivity of soil extract) at the same time.
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The effects of EC and ESP on plant yield could be due

to one or more of the following reasons:

1. High osmotic pressure on plant roots impair

water and nutrient uptake (Dregne 1969).

2. The imbalance effect of high electrolyte concen-

tration on nutrient uptake.

3. The unavailability of micronutrients (Hassan

et al. 1970).

4. ESP has some effect on the physical properties

of the soil. The structure of the soil will

deteriorate as a result of an excessive sodium

relative to Ca and Mg.

5	 High Na content of the soil will induce a high

absorption of this element by the plant and hence

disturb the metabolic processes (Bernstein 1964).

As a conclusion, the high EC will reduce plant

growth, and has to be offset by applying more irrigation

water.

Soil Analysis 

Tables 9 and 16 show the chemical characteristic

of the Gila Bend Laveen soil after being irrigated with

drainage, different mixtures of well and drainage, and

well water, with and without H 2 SO 4 . These data show the

effects of the source of irrigation water and the
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addition of H 2SO 4 on the pH, salt concentration, and
ESP of the soil.

pH. There was no significant difference between

drainage and well water on pH of both soils, because the

pH of both types of water and soil were quite similar.

The pH of the soil was 7.8 and dropped to 7.6 after

irrigation by the different types of water. When H 2 SO 4
was added to the water the pH of the previously-cultivated

soil dropped to 7.4 while that of the newly-cultivated

soil dropped to 7.3. This pH is neutral and cannot be

called alkaline. From these results we conclude that

both soils were slightly alkali to neutral according to

the pH and ESP. The amount of H 2 SO 4 added did not reduce

the pH of both soils appreciably, because the amount and

sulfuric acid added according to the pAIK from the pHc

formula (Equations) was low. Excess amounts of

sulfuric acid exceeding the concentration of carbonates

and bicarbonates will adversely affect the soil by

destruction soil structure (Miyamoto and Bohn et al. 1975).

Composition of Soil Extract. Tables 9 and 16

give data about the concentrations of most of the major

important ions in the soil extract after the harvest.

The composition of the irrigation water was shown in

Tables 2 and 4. When the soil is irrigated with water
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that has a high content of certain elements, the extract

of that soil will contain a high amount of that element,

unless precipitation takes place. In general, the

extracts of soils irrigated with drainage water contained

a higher concentration of sodium than of Ca and Mg.

However, the effect of drainage water on the previously

cultivated soil was not as significant as the effect on

newly cultivated soil. With the addition of H 2 SO 4 to

the irrigation water an increase in Ca and Mg relative to

Na was obtained. Ca and Mg will have similar influence

in reducing the effects on the soil property.

Sodium. The concentration of the sodium was

higher in the drainage water compared to well water.

Na ions will exchange Ca and Mg from the soil particles

and hence these ions precipitated in the form of

CaCO 3 and MgCO 3 . However, treating the drainage water

with H 2 SO 4 will reduce the level of Na concentration

in the soil.

ESP. As mentioned before, any excess of exchange-

able Na increases the ESP of the soil as a result of

excess concentration of sodium relative to Ca and Mg.

The addition of H 2SO 4 
dissolved CaCO 3 

and Mg2+ compounds

and hence reduces the exchangeable Na
+ 

in the soil.



CONCLUSIONS AND) RECOMMENDATIONS

The present study was conducted in a greenhouse
using a saline and slightly sodic soil to evaluate growth

and yield of alfalfa (Medicago sativa L. CV. Sonora).

Two sources of irrigation water of different qualities

were used with and without H 2 SO4 as an amendment. Drain-
age water collected from Gillespie Dam and well water

collected from the Gila Bend area were applied to evalu-

ate the possibility of using different proportions of

the two sources of water. Well water alone and with

sulfuric acid gave greater growth and yield than drainage

water. In addition, generally the two soils used in this

experiment gave different growths and yields. The previ-

ously cultivated soil gave better yield and plant

growth than the newly cultivated soil under all treat-

ments (Figure 3). This was due to the low salinity of the

previously cultivated soil. The reduction in growth and

hence yield in newly cultivated soil could be attributed

to high salinity where high Na and K concentrations in

plant tissues or high osmotic pressure of the soil water

inhibited plant growth. Sulfuric acid was found to be

effective in reducing soil pH and ESP with both waters

61



ro

c lo
o	 d

lod/u.JDA 'anss!i. luoid /tip j.o tibpm

62

10

cl-



63

and with all proportions of mixed well and drainage

waters. All the treatments with H 2 SO4 for both types of

soils gave better growth and yield than the treatments

Without H2SO 4 . The best results were obtained from

straight well water treated with 6.7% of 0.36 N H 2 SO 4

and 75/25 well and drainage water treated with 6.4% of

0.36 N H 2SO 4'
The EC of previously cultivated soil was higher

after these soils were irrigated with drainage water

and the change in the EC was proportional to the amount

of drainage water mixed with the well water. However,

the amount of sulfuric acid used in treating the water

and the EC will also increase by dissolving Ca and Mg

carbonates and because of the leaching the EC decreased.

The EC's of the newly cultivated soils were very high.

The pH of the newly cultivated soil was reduced by

adding H 2SO 4 and hence the higher yield obtained under

such conditions was due to reduction of the salinity and

reduction of the Na and K concentration in plant tissue.

Salinity of both soils will increase with the use

of the two sources of water through continuous irrigation.

However, using well water for a long period is required.

The amount to be applied will influence salinity and

hence the exact quantity required will minimize the

salinity in comparison to excess water application.



SUMMARY

The greenhouse study indicated that H 2 SO 4 could

increase the availability of Ca and Mg relative to Na.

The H 2SO 4 may have increased the availability of Fe and

phosphate. Sulfuric acid also is beneficial in improving

the physical properties of the soil by increasing water

penetrationand percolation characteristics. The sodic

character of the soil is changed by the removal of the

excessive exchangeable sodium with the availability of

Ca and Mg increased as a consequence (Yahia et al. 1975).

Mixing drainage and well waters as irrigation

water generally decreased alfalfa growth and yield as the

fraction of drainage water increased. Sulfuric acid

overcame some of the ill effects of adding drainage water

and resulted in a better yield than either type of irriga-

tion water alone or the different mixture proportions.

The following conclusions were obtained from this

study of the well and drainage water of the Gillespie

area.

1. Drainage water can be used for irrigation if it

is treated with sulfuric acid or if mixed with

64
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well water in proportions of at least 75% well

water.

2. Drainage water can be used and will give a better

yield in a previously cultivated soil which has

low salinity than in a newly cultivated soil.

3. If drainage water is applied the salt level in

the soil increases and the percentage of sodium

in plant tissue also increases.

4	 H 2SO4 reduces the percentage 
of Na in plant

tissue when applied with irrigation water and

increases the absorption of calcium.

5. Sulfuric acid can be used as a soil amendment

for alkaline-saline soil and mixed with the irri-

gation water. The yields with H 2SO 4 were sig-

nificantly increased in all well/drainage water

ratios.

6. These soils should be supplemented with some

chemical or manure fertilizer to enrich the soil

with nutrients and solve any deficiency in

nutrients, such as in previously cultivated

soil where phosphate is considered to be a

deficient element. I prefer to use manure if

transportation to the field is economical.

Caution should be taken to prevent raising soil

salinity as a result of adding manure.
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7. Less frequent and heavier irrigation are recom-

mended especially when the irrigation water is

treated with H 2 SO 4 .

8	 The drainage and well water should be analyzed

periodically to be sure what types of changes

have occurred in salinity and alkalinity.

9. An economic study to verify the economics of

using the drainage water should be undertaken.
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