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ABSTRACT

Sulfur addition to soil is known to produce acidity or lower 

the pH of the soil. In this work the effect of the sulfur on the pH 

of, Whitehouse soil was studied.

For this study the soil was treated with five different amounts 

of elemental sulfur. Each treatment was replicated four times and 

planted with grapes. The experiment lasted 16 months in the field, and 

the pH was measured for each treatment on three different dates 

(August 1979, April and May 1980, and October 1980),

The same treatments were applied in the greenhouse, and each 

treatment was replicated three times, Tensiometers were set in each 

treatment and diammonium phosphate was added. The pH was measured in 

May, July, August, and September,

The soil pH was reduced substantially for each treatment com

pared to the control soil. The reduction in pH increased with the 

increase in the amount of sulfur added. The pH caused the death of

some plants and ceased the growth of the others, depending on the
1

degree of acidity. However, plants of the soil which had the lowest 

amount of sulfur showed good growth.

A prediction of the amount of sulfur required to lower the soil 

pH to any level was made by titrating an untreated soil suspension 

with sulphuric acid.



CHAPTER 1

INTRODUCTION

Elemental sulfur has been applied to soils to produce acidity9 

to reclaim alkaline soils 9 and as a fertilizer for crops. When the 

elemental sulfur is added to the soil9 microorganisms oxidize it to 

sulfate. This oxidation of elemental sulfur occurs within a few weeks. 

Therefore9 the addition of a large quantity of elemental sulfur will 

result in acidifying the soil. This acidity has been found to be use

ful in controlling some of the plant diseases. For instance9 potato 

scab is found to be controlled at pH range from 5.0 to 5.4 (7 912)9 and 

tobacco root rot has been controlled at pH 5.4 (12). The number of 

the cotton infected plants caused by the fungus phymatorichum omni

vor urn has been low in soils with more acid than pH 5.0 (41). This 

fungus, causes the most serious and dangerous disease that attacks the 

deciduous fruits in the west and the southwest of the United States 

and northern Mexico. The disease is commonly called Texas or cotton 

root rot. The infection appears as a yellowish9 thread-like xstrand 

that penetrates the outer living tissues and destroys the root. In 

grapes 9 the death of the vine is hastened when the fungus attacks the 

crown of the root. The entire process may occur in just a few days 

and causes enormous losses.

This work has been done to determine the amount of sulfur 

which is required to lower the soil pH to the level that helps control 

the disease without adversely affecting plant growth.



CHAPTER 2

REVIEW OF LITERATURE 

Sulfur in Soils

Sulfur is known to be essential for plant and animal growth.

It is recognized to be indispensable for many reactions in living cells 

(7)» Sulfur is a common constituent of proteins specifically the amino 

acids cystine and methionine e Sulfur is contained in many other cell 

compounds such as the vitamins5 thaimin and biotin. The structure 

of protein is determined to a considerable extent by sulfur groups.

The natural sources of sulphur in soils are: (1) the soil

minerals; (2) sulfur gasses in the atmosphere; and (3) the organic 

matter (7,21).

The principle origin is the sulfide minerals where weathering 

have been largely extensive. The sulfur minerals contained in the soil 

are broken down for the most part and the released sulfur is carried 

to the ocean by leaching.

Atmospheric SO^ is another source of sulfur in soils. This gas 

may be absorbed directly from the air or it may be carried down to the 

soil by rainfall. When it goes into solution, SO^ combines with the 

water to form sulfurous acid (H^SO^), but it is normally oxidized to

h 2so4.

Sulfur exists in the soil in the following forms: (1) sulfides

(2) sulfates, (3) organic bound sulfur, and (4) elemental sulfur (7,21)



Sulfides are formed under anaerobic conditions (16, 20) particularly 

in tidal swamp and poorly drained soils„ If changed to aerobic condi

tions s the sulfide oxidized to sulphate which increases the soil acid

ity (16, 20).

The most important form of sulfur in soil includes water 

soluble, adsorbed and insoluble sulfates. Sulfate occurs as soluble 

salts of Na, Mg, and Ca (46). Soils differ in their capacity to 

retain sulfate. The retention capacity is higher in subsoil than in 

the surface layer, because of the high retention capacity of the 

hydrous oxides of iron and aluminum and silicate clay which tend to 

accumulate in the lower horizon. The leaching and the distribution of 

sulfate depend on the clay content, pH, and the presence of hydrated 

oxides of aluminum and iron. Kaolinite clay has greater capacity to 

adosrb sulfate than 1:2 clay (7,15).

Sulfate adsorption increases and decreases with the increase 

and decrease of pH. Adsorption is negligible above pH 6.5 and 

increases below that (11,46). Sulfate retention is greater in soils 

containing aluminium and iron oxides (7,46). Insoluble sulfates of 

barium and strontium occur in small concentration in some soils (46).

The Transformation of Sulfur in Soil

The transformation of sulfur in soil is frequently represented 

by a cycle in which the sulfur undergoes many chemical changes. Micro

organisms are involved in the principle transformations (2). Four 

distinct processes can be delineated in the transformations: (1)

decomposition of organic sulfur compounds, (2) microbial assimilation



or immobilization of single compounds of sulfur and their incorpora

tion into bacterial, fungi, or actinomycetes cells, (3) oxidation of 

inorganic ions and compounds such as sulfide, thiosulfate, polythionate, 

and elemental sulfur. The sulfur cycle is shown in Figure 1.

Factors Influencing the Sulfur Oxidation

Temperature

The biological oxidation of sulfur occurs in soils at a tempera

ture ranging from 4°C (26,27) to about 40°C (3, 15, 19). The rate of 

oxidation is directly related to the temperature, and the maximum oxida

tion of elemental sulfur occurred at a temperature ranging from 27 to 

35.5°C (3,26,35,37). Nor and Tabatabai (31) have shown that the 

oxidation was 2.3 to 6.1 times faster at 30° than at 5°C, and it was 

1.7 to 3.7 times faster at 30°C than at 15°C.

Moisture and Aeration

The most favorable level of soil moisture for sulfur oxidation 

is found to be near field capacity. The rate of oxidation will drop 

sharply above or below this level (3,19,42). The degree of aeration 

determines whether the oxidation or reducing bacteria predominate and, 

hence, determines the proportion of sulfide and sulfate produced

(16,20).

pH and Calcium Carbonate

Sulfuric acid from sulfur oxidation increases the hydrogen ion 

concentration in the soil, thus decreases the soil pH (3, 27). The 

rate of sulfur oxidation is inversely related to soil pH (3, 27, 10,
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areas, the great bulk of the sulfur is in the form 
of organic compounds. Taken from Brady (7), Fig. 
16:10, p. 450).



34). Vavra (43) found that the rate of oxidation is fairly rapid in 

soils ranging in pH from 4.0 to 9.6.

In soils containing calcium carbonate, carbon dioxide can be 

fromed as a result of the reaction between the calcium carbonate and 

sulfuric acid (30). Calcium carbonate decreases (3,9,36)9 either have 

no effect (24) or increases the sulfur oxidation, depending on whether 

the pH was within or outside the optimum pH for the sulfur oxidation 

in a particular soil (20).

Soil Microflora

Elemental sulfur is oxidized in soils by several bacterial 

species (42). Halverson (19) has found that all soils studied con

tained the organisms, which can oxidize sulfur. However, the number of 

the bacteria was found to vary from soil to soil and from time to time 

(47).

Other Factors that Affect the Sulfur Oxidation 

The rate of sulfur oxidation increases with the decrease of 

sulfur particle size (3,27). The greatest oxidation occurred when 

the size of particles was less than 100 mesh (27).

Organic and chemical amendments such as sodium, and glucose 

decreases the rate of oxidation (4,32). Organic matter decreased the 

thiosulfate oxidation by Thiobacillus thioporous, and Thiobacillus 

novellus(38). Herbicides are found to increase oxidation (4,22) rates 

while soil texture has no effect on sulfur oxidation (3,34).

o
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Sulfur Oxidizing Organisms

Autotrophic Bacteria

Autotrophic bacteria require neither organic carbon nor organic 

nitrogen for growth«, but are able to build up carbohydrate and protein 

out of carbon dioxide and inorganic salts, using either light or chem

ical energy (9), Autotrophic bacteria use elemental sulfur and the 

inorganic sulfur compounds as specific hydrogen donors for the assimi

lation of carbon dioxide (40).

The. most important sulfur oxidizing bacteria in soils is genus 

Thiobacillus (1,9,39,40). The Thiobacillus derives energy required for 

the reduction of carbon dioxide from the oxidation of sulfur (17,7). 

Five important species of Thiobacillus are responsible for sulfur 

oxidation (1,7,40). They are: '

1. Thiobacillus thiooxidans. Thiobacillus thiooxidans oxidizes 

the elemental sulfur and produces sulfuric acid (1,40). It is 

active at a pH from 2.0 to 3.0 and makes little or no develop

ment at neutrality (40). Sulfide, thiosulfate, and tetra- 

tionate were found to be oxidized by cell extracts of T. 

thiooxidans (28).

2. Thiobacillus thioporus. This bacteria grows at a reaction 

near neutrality (1,25,46). It oxidizes elemental sulfur, 

thiosulfate, sulfide, tetrathionate, and thiocynate (9).

Sulfate and elemental sulfur are products of oxidation (39).

7



3. ThiobaGillus novellus. This species cannot oxidize elemental 

sulfur* but it can oxidize organic compounds and inorganic 

sulfur salts at a reaction near neutrality (1*40).

4. Thiobacillus ferroxidans. Thiobacillus ferroxidans oxidizes 

thiosulfate (13)* elemental sulfur* sulfur salts * and ferrous 

compounds for energy. The reaction takes place at a pH from 

2,0 to 3.5 (1*40).

5. Thiobacillus denitrificans. This species is able to develop 

in the absence of oxygen and react in neutral to slightly 

alkaline soils (1). It requires nitrate as an electron 

acceptor to oxidize sulfur under aerobic conditions (1*25).

Hetrotrophic Bacteria

These bacteria are unable to form protein from organic carbon 

and nitrogen. They require organic material as a source of energy 

carbon (9*33). The important heterotrophic sulfur oxidizing bacteria 

(1*9) are arthrobactor* flavobacterium* pseudomonas * actinomycetes* and 

bacillus. These organisms convert elemental sulfur to thiosulfate or 

sulfate (40*45).

In addition to bacteria*, certain filamentous fungi oxidize 

elemental sulfur (1*20) and convert thiosulfate to tetrathionate (9). 

Yeasts are found to be among the heterotrophs that oxidize elemental 

sulfur (1*44). Two yeasts, have been isolated and classified as 

debaryomyces and sacchromyces (44).
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Soil pH

pH isvthe negative logrithm of the hydrogen ions concentration 

(7,14,18). The pH of a soil indicates whether the soil is nuetral, acid, 

or alkaline. Neutrality occurs at pH 7. Acidity increases with pH 

values below 7, while alkalinity increases with pH values above 7

(14,21).

Factors Affecting the Soil pH

Nature of the Micelle

Soil pH is governed by the nature of the colloidal particles 

(14). Different kinds of colloids will have different pH values because 

the soil colloidal material differ in their ability to furnish hydrogen 

ions to the soil solution (7). Under natural conditions the clay

micelle holds a variety of absorbed cations 9 some of the cations liber-
+  -ate hydrogen ions (H ) and other types produce hydroxyl ions (oH ) on

dissociation. Therefore, the pH of the soil solution depends on the 

relative proportion of the adsorb cations (14). The following figures 

(7) verify the importance of the type of colloids in determining soil 

pH:

organic colloids 4.5-5.0 pH

silicate clays 5.2-5.8 pH

hydrous oxides 6.0-7.0 pH

Adsorbed Bases

The alkaline earths of alkali metals present on the colloidal 

complex influence soil pH (7). For example, in arid regions sodium may
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accumulate as sodium carbonate and the sodium ion tends to occupy some 

of the exchangeable positions. The hydrolysis of the sodium carbonate 

produces sodium hydroxide which is a strong base; therefore, the pH of 

the soil will increase (18),

Soluble Salts

Soluble salts may accumulate naturally (18) or from addition of 

fertilizers and irrigation waters (5). In arid regions, their accumula

tion will result in an increase in osmotic pressure and restrict water 

uptake by the plant. Excessive use of soluble salts increases the soil 

pH (5,18). For example, the potassium fertilizer (KC1), hydrolyze to 

HC1 (strong acid) and KOH (strong base), which are equal in their 

abilities to produce hydrogen ions and hydroxyl ions; therefore, the 

soil pH will be at or near 7.

Climate

Soils that formed in regions of high rainfall are generally 

acidic, while those formed in regions of low rainfall are generally 

alkaline (14), High rainfall removes bases through leaching. There is 

a continual replacement of bases by hydrogen ions of water charged with 

CO2 that percolates through the profile, and will lower pH from the 

residual material (14)

Soil Management

Cultivation tends to lower the pH. As a result of constant 

cultivation, basic elements are lost from the soil through leaching and 

crop removal, and leads to a lowering of soil pH. The use of



fertilizers is responsible for soil pH changes. Fertilizers such as 

ammonium sulfate make the soil acidic, while fertilizers such as sodium 

nitrate make the soil more alkaline (14)

Other Factors Influencing Soil pH 

The formation of nitric acid and sulfruic acid in soils is 

responsible for the development of moderately to strongly acid condi

tions (7), while carbonic acid has only a small effect on a particular 

pH (18).

The base saturation is directly related to soil pH (6,7). Each

unit increase in soil pH is related to a 20 to 30% increase in the base

saturation (6). Soil pH also increases with the dilution of the soil 

suspension regardless of the initial pH of the soil and the distilled 

water used in preparing the suspension (5).

Soil pH increases with the altitude due to climatic changes, 

hence spodsols, mollisols, oxisols and ulitsols are acid, while alfisols 

and aridisols are usually alkaline (5).

Sulfur Oxidation and pH 

Sulfur oxidation is an acidifying process (1,4,33). For every

atom oxidized, two hydrogen ions result. This can be shown by the

following reactions.
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Pepper and Miller (33) have shown that the pH of the mineral

salts dropped to near 1.0 during sulfur oxidation by Thiobacillus

thioxoidans. The effect of sulfur oxidation on the pH is different from

soil to soil. Babiker (2) found that fine-textured soils accumulate
_2higher levels of SO^ than coarse-textured soils 9 and the decrease in 

pH was greater in coarse-textured soil because of its low buffering 

capacity.

The oxidation of elemental sulfur causes solubilization of soil 

minerals (1). Sulfuric acid reacts with the mineral and other insoluble 

material leading to nutrient mobilization, and increase the availability 

of Ca, Mg, Al, Mn, (1,4) and Fe, Zn and Cu (29,4).

The acidity is known to be. effective in controlling certain 

fungus diseases (7,41). This study is done to determine the amount of 

sulfur which is required to lower th soil pH to a level that can control 

the fungus which causes the cotton or Texas root rot disease.

\



CHAPTER 3

MATERIALS AND METHODS

The experiment was conducted on a soil which is classified as 

Ustollic Haplargid5 fine, mixed, thermic, Whitehouse sandy loam. The' 

soil is slightly acidic (pH 6.5) at the surface and increases to approxi

mately 8.2 at 1 meter depth. Calcium carbonate nodules are found below 

60 centimeters. The experiment is located at The University of Arizona 

Page Ranch. The station is,located in the NE/4 of SW/4, Section 27, 

Township 95, Range 14E which is 28 miles due north of Tucson.

A treated waterway, 50 meters in length and 1 meter wide, at the 

Page Experiment Water Harvesting site * was subdivided into four treat

ments. Each treatment was subdivided into 4 replicates. The soil from 

five plots was mixed with elemental sulfur using a rotertiller as- 

follows.

Treatment Amount of Elemental
No. ■ Sulfur, g/cm^

1 0.00489
2 0.00978
3 0.01467
4 0.01956
5 0.02445
6 Non-treated soil

The soil was planted with grapes In June, 1979. In August, 1979, four 

random samples were taken from each treatment. Soil samples were taken 

at the depths of 0-7.5 cm, 7.5-15.0 cm, 15.0-30.0 cm, 30.0-45.0 cm.

13
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45*0-60.0 cms 60.0-75.0 cm, and 75.0-90 cm. The pH was then measured 

and recorded. In May and October of 1980, soil samples were taken from 

each treatment in the same way and their pH measured.

Research was also conducted in the greenhouse of the Department 

of Soils, Water and Engineering. The University of Arizona, Tucson, 

Arizona, in 1980. Eighteen pots were prepared, each treatment repeated 

three times, and filled with equal amounts of soil (19.6 kg of soil per 

pot). The soil was mixed with the elemental sulfur at rates equivalent 

to that used in the field. The amount of sulfur per gram of soil was as 

follows:

Treatment Treatment mg of Sulfur
No. ' g/crn̂  per gm of Soil

1 . 0.00489 1.47
2 0.00978 2.95
3 0.014167 4.42
4 0.01956 5.90
5 0.02445 7.37
6 Non-treated soil 0.00

The pH was measured for each treatment. After that, planting of 

rooted grapes took place on March 6, 1980. Tensiometers were placed in 

each treatment to determine the soil water tension so that container 

could be kept near field capacity. De-ionized water was used in irri

gation to compensate for moisture lost. Diammonium phosphate was added 

to each treatment at a rate of 0.000122 g/sq cm to maintain healthy 

plants. The pH of the soil was measured for each treatment four differ

ent times (May, July, August, September). The increase in the stem and 

vegatative growth was measured for each plant in June, 1980.
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In the laboratory9 an untreated soil sample was taken from the 

fields and suspensions of 1:1 ratio were formed with distilled water.

The suspension was titrated with H^SO^ and the drop in the pH was 

measured. This was done to calculate the amount of sulfur equivalent 

to the sulfuric acid at any pH level.

pH Determination 

A 20 g sample was taken from the bulk soil and placed in a 50 ml 

beaker along with 20 ml distilled water. The suspension of 1:1 ratio 

stirred several times for 30 minutes9 then left to stand for one hour to 

allow most of the suspended clay to settle out from the suspension. Then 

the pH was measured by a glass electrode (Leeds and Northrup) pH meter 

using standard buffer solution to standardize the instrument.



CHAPTER 4

RESULTS AND DISCUSSION

Changes in the Soil pH of the Field Experiment 

The pH was determined in a 1:1 suspension„ The first pH 

measurements taken in August 19795 two months after planting9 showed a 

considerable and clear drop in the soil pH for each sulfur treatment.

In the non-treated control soil there was a drop in the soil 

pH over the first 7.5 cm from 6.5 to 5.8. That drop was due to the 

leaching of the basic elements through irrigation. Other than that, 

there was no important change in the pH of the non-treated soil as 

shown in Figure 2. The pH was a little higher (Appendix A) in the fall 

due to the limited amount of irrigation water during the summer.

Figure 3 shows that the decrease in the soil pH for treatment 

1 (3.00489 g S°/sq cm). The pH drop was 3.9 to 6.0 over the first 30 cm 

and increased to 7.0 at a depth of 90 cm. The continuous oxidation 

of the elemental sulfur by the action of microorganisms and the 

production of more sulfuric acid caused a continuing drop in the soil 

pH in the following spring (April and May). The drop was high over the 

first 30 cm (3.5 to 5.8), while there was little or no change in the 

second and the thrid 30 cm. Further decrease in soil pH occurred in 

the following fall (October). The pH was dropped.to 3 at the soil 

surface, and to 5.6 at the 30 cm.

16



17

8.0

.0

.0

August

.0

October

.0

3.0
30 60 go

Depth (cm)

Figure 2. The change in pH with depth in the control soil



18

7.0

6.0

5.0

4.0

pH

3.0

2.0 

1 . 0  

0.0

Figure 3.

August

October

30 60 90 

Depth (cm)

Drop in soil pH with depth (0.00489 g S ° / s q cm)



19

Figure 4 shows the change in the soil pH for treatment 2 

(Oo00978 g;S°/sq cm. The pH ranged from 3.7 to 6.0 over the first 30 

cm. and up to 7.0 at 90 centimeters in August, whereas the range was

2.9 to 5.5 for the first 30 cm. in the spring. There was a further drop 

in soil pH in the fall measurement. The pH of the first 30 cm. ranged 

from 2.7 to 5.6.

Figure 5 shows that the pH for treatment 3 (0.01467 g S°/sq cm)

ranged from 3.4 to 5.9 over the first 30 cm in August, and the range in

pH for the same depth was 2.8 to 5.3 in the following spring, whereas

in the fall the pH was 2.4 to 5.1 for the first 30 cm. '

Figure 6 shows the drop in the soil pH for treatment 4 (0.01956 

g S°/sq cm). In the first measurement, the soil pH ranged from 3.4 to

5.9 over the first 30 cm and continued to rise until it reached 5.9 

at the depth of 90 cm. The soil pH was lower in the following spring 

where the pH ranged from 2.7 to 5.1 over the first 30 cm. In the fall,

the pH over the first 30 cm was between 2.2. and 4.8.

Figure 7 shows that the decrease in soil pH for treatment 5 

(;0.02445 g S°/sq cm) was very large over the first 30 cm (3.4 to 5.5) in 

August. The pH ranged from 2.5 to 4.3 over the first 30 cm in the

following spring. The drop in the pH was more in the fall. The range

for the first 30 cm was from 2.0 to 3.9.

It was noticed that, for all the treatments, the soil pH 

changes at a depth of.the second 30 cm and down to the last 30 cm were 

small compared to those at a depth of 30 cm. This was because of rela

tively small amount of leaching due to the limited amount of irrigation
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water9 the fine texture of the soil9 and the presence of the calcium 

carbonate nodules9 which increased the soil pH at that depth. Another 

observation was that there was very little or no change in the soil pH 

at the depth of 60 to 90 cm in the spring and the fall of the second 

year from the measurements that were taken in August of the first year. 

Data of the three measurements for each treatment can be seen in 

Appendix A.

Changes in pH of the Greenhouse Experiment 

The pH of the soil before planting and after mixing with sulfur 

was 6.5 for each treatment. The pH was decreased after two months and 

continued to drop slowly with time as shown in Table 1. By May9 two 

months after treatments the experiment showed that the pH drop in the 

greenhouse was higher than that of the field on August 19793 also two 

months after treatment. This may be due to the different amount of 

water used for irrigation. In the greenhouse the moisture content of 

ythe soil was maintained near the field capacity to maintain optimum 

plant growth conditions 9 and as shown by Attoe and Olson (3), this also 

resulted in maximum oxidation of the elemental sulfur by the microorgan

isms. Another factor might be more uniform distribution of water in 

the pot than in the field. These reasons, may explain why the drop in 

the soil pH was the same for the field measurement in the spring and 

the greenhouse measurement in July3 despite the fact that the pH of 

the soil in the field took ten months to drop to the same level that 

the pH in the greenhouse experiment reached in four months. The pH 

of the pot soil reached its lowest value in September as shown in
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Table 1. It was clear that the drop in the pot soil pH had great effect 

on the plant growth. This effect was measured in June, three months 

after planting. Tables 2 and 3 show the effect of sulfur treatment on 

stem length and vegetative growth.

Generally9 the plants for all treatments showed growth at the 

beginnings but the percentage increases in the growth decreased with the 

increase in amount of sulfur. The difference in the growth is attributed 

to the influence of pH. Sulfuric acid, which lowers soil pH, caused 

salinity (Table 4). The salt appeared as white spots on the soil sur

face as a result of the reaction between the acid and the soil. The 

degree of salinity increases with the increase in the amount of sulfur. 

There were no salt spots in treatment 1 (0.00489 gS°/sq cm)s whereas 

the amount of salts increased as the amount of sulfur increased for the 

other treatments. The electrical conductivity (EC) of the soil was 

measured and was found to range from 2.7 for treatment 1 to 21.9 for 

treatment 5 as indicated in Table 4.

In addition, the low pH increases the availability of some
| ty | | pi _|_3 _|_3 | Q

nutrient elements such as Ca , Mg , mN , A1 (1,4), Fe , Zn ,
•4-2 +Cu , B (4,29), because the acidification is associated with the 

increase in the water soluble cations and decrease in the exchangeable 

cations due to the replacement of these exchangeable cations by hydrogen 

ions. Therefore, the growth did not continue at the same level.

Impaired growth of the plants of treatments 4 and 5 was noticed at pH 

2.7 and 2.6, respectively. Soon after that the plants died. In treat

ment 3 the plants' growth was retarded at a subsequent stage of growth. 

When the pH dropped to 2.8 the plants began to die; and there was none
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Table 1. The drop of the soil pH in the greenhouse

Treatment Months
No. (g S°/sq cm) May July , August September

6 Non-treated 5.2 5.9 6.0 6.0

1 0.00489 4.0 ' 3.4 3.4 3.3

2 . 0.00918 3.3 3.0 3.0 2.8

3 0.01467 3.1 2.8 2.8 2.5.

4 0.01956 3.0 2.7 2.7 2.4

5 0.02445 2.9 2.6 2.6 2.2



Table 2. The percentage increase in the stem length
of growth after three months of planting

Treatment 
(g S°/sq cm)

% Increase
Minimum Maximum Average

Non-rtreated 9.83 314.28 127.7

0.00489 12 111.7 49.0

0.00978 0 37.93 14.1

0.01467 0 24.14 12.8

0.01956 0 9.37 4.0

0.02445 0 5.55 3.18



Table 3. The percentage increase in the vegetative
growth after three months of planting

Treatments 
(g S°/sq cm)

% Increase
Minimum Maximum Average

Non-treated : 190 560 320.8

0.00489 37.1. 218.1 148.9

0.00978 66.6 133.3 97.2

0.01467 14.28 166.6 96.0

0.01956 16.66 122.2 32.9

0.02445 0 40.0 13.3



Table 4. Increase in electrical conductivity 
of the soil for each treatment

Treatment
(g S°/sq cm) ECe (mhos)

*Non-treated 0.95

0.00489 2.7

0.00978 9.4

0.01467 14.8

0.01956 15.8

0.02445 21.9

^The EC of the soil before planting was 0.4 e
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living when the pH reached 2,5 in September, Plants of treatment 2 

appeared to be in better health than the plants in treatments 3, 4, and 

5, There was no death of any plant5 but the growth was definitely 

stopped at the stage when the pH decreased to 3.0 and then 2.9. Treat

ment 1 (0.00489 gS°/sq cm) was the best for the plant growth. The plants 

were very healthy and continued to grow at a pH ranged from 3.3 at the 

surface to 3.8 at the bottom of the pot. The growth was less than that 

of the non-treated samples, but it was fairly good for that range of the 

pH. These results make it very clear that the reduction in the growth 

was associated with the acidity and salinity.

In the laboratory9 a soil suspension was titrated with 0.1 N 

H^SO^ (Appendix B). The pH was plotted versus the amount of the acid in 

Figure 8. From the titration curve it was possible to calculate the 

equivalent amount of sulfur for any pH level. The results of these are 

as follows:

Soil pH g of S°/g of Soil

6.0 0.00
5.5 0.00016
5.0 0.000256
4.5 0.00032
4.0 0.000416
3.5 0.000576
3.0 0.000768
2.5 ' 0.00112
2.0 0.00192
1.5 _ 0.0064
1.4 0.008

These results were plotted in Figure 9 as the pH versus the amount of 

sulfur. From Figure 99 the laboratory pH equivalent to the soil pH for
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the field9 i.e., soils receiving the same amount of sulfur per gram of

soil can be determined.

The soil pH in the field was plotted versus the equivalent soil

pH in the laboratory (Figure 10), The coefficient of correlation for
2the linear regression between the two pH values was (r = 0,90), The 

regression equation used to calculate field pH from the laboratory value 

is:

L = 0,3325 + 0,575 F

where

L represents the pH in the laboratory soil 

F represents the pH in the field soil

The amount of sulfur required to drop the pH in the field to any desired 

level can be calculated by calculating the laboratory pH from the above 

equation and then determines the equivalent amount of sulfur.from Figure 

9,

v
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CHAPTER 5

SUMMARY AND CONCLUSION

Studies on the effect of different amounts of sulfur on the pH 

of the Whitehouse soil showed that there was a large drop in the soil 

pH for each treatment. The treatment with the highest amount of sulfur 

(Oo 02445 g S°/sq cm) showed the largest decrease in the soil pH. The 

drop in the soil pH decreased with the decrease in the amount of sulfur.

Due to the small amount of irrigation water, the leaching was 

limited, and therefore, the drop in the soil pH over the second 30 cm 

and the last 30 cm was small compared to that of the first 30 cm.

The low pH level significantly affected the plant growth. 

Treatments 3, 4, and 5 caused death of the plants within weeks. Treat

ment 2 stopped growing, but the plants remained alive. The treatments 

which remained throughout the study were both the control and treatment

1. The salinity contributed to the death of the plants and cessation 

of growth. The salt appeared resulted from the reaction between the 

sulfuric acid and the soil in the greenhouse study because there was 

insufficient amount of irrigation water to leach the soil.

The titration of untreated soil suspension with 0.1N H^SO^,

can be used to predict the amount of the elemental sulphur which is

required to reduce the soil pH to any level.

The effect of sulfur was to lower the soil pH. The acid

conditions should kill or prevent the activity of the fungus that causes

35
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some plant disease9 but the extremely acid condition will reduce 

plant growth or kill the plants.

Treatment 1 ̂ which had the lowest amount of elemental sulfur 

(0.00489 g S°/sq cm) is an exception. The plants were healthy at a 

pH level around 3.3 and EC value of 2.7. At this EC^ level grape 

yield will be reduced by 10% according to the water quality. This 

would be acceptable if the disease effect is eliminated.

The amount of elemental sulfur which was used in this experi

ment seems high. Thus s the use of smaller amounts of elemental sulfur 

might be effective in reducing the pH to the level that controls the 

fungus and keeps the plant healthy.



APPENDIX A 

THE pH MEASUREMENTS IN THE FIELD
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Depth (cm)
pH

August 79 April and May 80 October 80

Treatment 1 (0.00489 S°/sq cm)

0.0— 7.3 3.9 3.3 3.1

7.5-15.0 5.7 3.7 3.3

15.0-30.0 6.0 5.8 5.6

30.5-45.0 6.5 6.4 6.2

45.0-60.0 6.8 6.7 6.7

60.0-75.0 6.8 6.8 6.8

75.0-90.0 ' 7.0 7.0 7.0

Treatment 2 (0.00978 S°/ sq cm)

0.0- 7.5 3.7 2.9 2.8

7.5-15.0 5.6 3.7 3.3

15.0-30.0 6.0 5.5 5.3

30.0-45.0 6.4 6.3 6.8

45.0-60.0 ' 6.8 6.5 6.5

60.0-75.0 6.9 6.9 6.9

75.0-90.0 7.0 7.0 7.0
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_______:_____ __ES______________________
Depth (cm) August 79 April and May 80 October 80

Treatment 3 (0.01407 g S°/sq cm)

0.0- 7.5 3.4 2.8 2.4

7.5-15.0 4.9 3.3 3.1

15.0-30.0 5.9 5.3 5.1

30.0-45.0 6.4 6.2 6.1

45.0-60.0 6.7 6.5 6.5

60.0-75.0 6.9 6.9 6.9

75.0-90.0 . 7.0 7.0 ' 7.0

Treatment 4 (0.01956 g S°/sq cm)

0.0- 7.5 3.4 ' 2.7 2.2

7.5-15.0 3.6 3.1 2.8

15.0-30.0 5.8 5.1 4.8

30.0-45.0 6.3 6.2 6.0

45.0-60.0 6.5 6.5 6.5

60.0-75.0 6.8 6.8 6.8

75.0-90.0 6.9 6.9 6.9



40

Depth (cm)
PH

August 79 April and May 80 October 80

Treatment 5 (0.02445 g S°/sq cm)

0.0- 7.5 3.4 2.5 2.0

7.5-15.0 3.5 2.8 2.4

15.0-30.0 5.5 4.3 3.0

30.0-45.0 6.2 5.8 5.2

45.0-60.0 6.5 6.5 6.4

60.0-75.0 6.5 6.5 6.5

75.0 6.7 6.7 . 6.7

Non-treated soil

0.0- 7.5 5.8 5.7 6.0

7.5-15.0 5.9. 6.0 6.1

15.0-30.0 6.2 6.4 ■ 6.6

30.0-45.0 6.4 6.5 6.7

45.0-60.0 6.6 6.6 6.8

60.0-75.0 6.8 6.8 6.8

75.0-90.0 7.2 7.2 7.2



APPENDIX B

THE TITRATION OF THE SOIL SUSPENSION WITH SULFURIC ACID

0.1NH2S04 (ml) pH

0.0 6.0

0.5 5.4

1.0 4.5

1.5 3.7

2.0 3.3

2.5 2.9

3.0 5.5

4.0 2.2

5.0 2.1

6.0 2.0

7.5 1.9

10.5 1.8

15.5 1.6

20.0 1.5

25.0 1.4

30.0 1.3

40.0 1.3
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