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ABSTRACT

A field experiment to determine the effect of

acidifying amendments and chiseling on water intake rate was

conducted on the University of Arizona Experimental Farm at

Marana. There was a total of 24 plots with six replications

of each of the following treatments: sulfuric acid,

Nitrosul, chiseling, and the control. The soil type was

Pima clay loam.

Four basin irrigations were applied during the

summer of 1973 and the rate of infiltration was recorded for

each plot. Chiseling to a depth of 50 cm was done prior to

the first irrigation. The acidifying amendments were

applied in the water during the first irrigation.

Sulfuric acid and Nitrosul treated plots gave in

general higher infiltration rates as compared with the

control plots, but it was statistically significant only in

the second irrigation. No significant response was obtained

with chiseling.

Soil analyses indicated a slight decrease in pH and

SAR, and an increase in water holding capacity with the use

of the acidifying amendments. Yields of sudangrass were not

significantly different among treatments,



INTRODUCTION

Irrigation is an agricultural practice used for many

centuries in arid and semi-arid regions of the world. In

irrigation practices three factors must be taken into

account: climate, soil, and plant. The success of any

irrigation design depends on the way in which these

resources are used.

Low rainfall and high evaporation are conditions

that prevail in arid regions, and these lead to a concentra-

tion of soluble salts at the soil surface. Some of

Arizona's soils are high in sodium type salts, which means

low infiltration rates due to a dispersion of the soil

colloids.

Sulfur-containing chemical materials, like gypsum

and elemental sulfur, have been used with relative success

in soil reclamation, and recently sulfuric acid has been

used to overcome this problem. Research has been done by

The University of Arizona using sulfuric acid, which can be

obtained from local copper mines where it is converted from

sulfur dioxide (SO2 ) present in the smelter gases.

There is no doubt that acidifying amendments are

effective in reclaiming sodium-affected calcareous soils,

and latest experiments revealed that sulfuric acid can

improve physical conditions of these soils.

1
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Chiseling and deep tillage have been done for many

years in order to overcome problems of compacted layers,

that tend to restrict water intake and root penetration. In

most of the cases, there was an improvement in soil physical

conditions, but it was only effective for a short time

period.

The objective of this study was to observe possible

changes in water intake rates with the use of two different

acidifying amendments and chiseling, in a non-sodic Pima

clay loam soil under field conditions.



LITERATURE REVIEW

Movement of Water in the Soil 

The available water holding capacity of a soil can

be defined as the field capacity minus the permanent

wilting point. This means that only the water that is above

the wilting point and below the field capacity is available

to plants. This is an important concept in dealing with

irrigation, and depends on: soil texture, soil structure,

salt concentration, and climatic conditions (29).

There is a constant interaction between these

factors that will influence water utilization and irrigation

efficiency. The more water applied per unit time, the more

water that is saved from evaporation loss, because the water

moves deeper into the soil (10). Water transpired between

irrigation and the time that field capacity conditions are

being attained must be considered as part of the available

water, and the drainage that occurs at water contents near

or less than the field capacity is of course not available

water (15). Although the rate of drainage may be materially

reduced after two or three days, water may be moving from

the profile at finite rates for extended periods even in the

presence of a growing crop. If such movement is appreciable,

significant error may result in evaluating the quantity of

3.
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water in a given profile which will be available for plant

use (24).

According to Darcy's law, water moves in soil

following a water potential gradient and depends on the

hydraulic conductivity of the soil. The movement of irriga-

tion water from a surface into and through the soil is known

as water intake (there are differences of opinions to the

use of water intake vs. infiltration; in this thesis the two

terms are used interchangeably). Water moves as an unsteady

front from a saturated soil layer to an unsaturated layer

because there is a difference in hydraulic conductivities

between dry and wet soils. In moist soils water movement is

more uniform (29).

The amount of water that will infiltrate a soil in a

given time interval is greatest when the water is first

applied to the soil. The infiltration rate will decrease as

the amount of soil water increases and tends to approach a

constant value. On the other hand, the advance of the

wetting front in homogeneous soils is strongly dependent

upon the amount of water that is initially present. It is

greater in dry soils than in soils that are initially wet.

Both the sorptivity or storage capacity of the soil and its

ability to transmit water exert an influence on the infiltra-

tion process. The rate of infiltration decreases with in-

creasing initial water ratio, and redistribution and
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subsequent evaporation are influenced by the soil water

content and depth of wetting at the end of infiltration (4,

19, 27).

The soil layer with the lowest transmission rate,

either at the surface or below it, usually determines intake

rate (29). The following are important factors that affect

the intake rate of a soil: surface sealing, soil compaction,

tillage, and soil water salts.

Soil Horizons and Water Intake 

Different horizons which restrict water intake rates

can be found in agricultural soils. The most common are the

duripan, claypan, and plowpan.

Duripan is a subsurface horizon cemented by silica

and/or iron oxide and calcium carbonate to a point that

fragments from the air-dry horizon will not slake after

prolonged soaking in water or hydrochloric acid. These

horizons are slowly permeable to water and virtually Im-

permeable to roots of many plants (30),

Claypan is a tight plastic clay layer that normally

has a low bulk density and poor structure. This horizon has

high porosity but a small percentage of large pores, thus

preventing normal root development and limiting water

penetration (8),

Plowpan is a compacted layer just below cultivation

depth caused by tillage operations (28).. It has a high bulk
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density where normal root penetration and water infiltration

is limited. The saturated soil above the plowpan, under

irrigation, causes anaerobic conditions that may result in

rotting of the root system and death of the plant (8).

Deep tillage has been used to overcome the negative

effects of these forms of soil compaction. The bulk density

could be lowered somewhat, and permeability increased sig-

nificantly when soils with a plowpan were chiseled, but

these improvements did not last for more than three years

(13). Where duripan existed, or the physical conditions of

the subsoil were such that root penetration was restricted,

sub-soiling and deep tillage resulted in increased yields

(20, 23); increased yields also resulted when soils with a

claypan were deep plowed. Also a significant increase in

the soil water supply and in the development of the plants'

tap root was observed (25, 33). Experiments with synthetic

soil conditioners increased the proportion of large aggre-

gates, aggregate stability, and infiltration rates Cl, 9).

Sometimes, no responses were obtained with deep

tillage, but the results obtained by the majority of workers

are a good indication that low water intake rates and high

bulk density caused by compacted layers could be overcome by

deep tillage and sub-soiling (12, 14).



Soil Sodification and Water Intake 

Any salts contained in irrigation water accumulate

in irrigated soils, and in time may change their character.

This is a serious problem in arid and semi-arid regions with

very high evapotranspiration rates. Some salts may be

beneficial to crops or to soil physical conditions, but

salts such as sodium chloride or sodium sulfate have detri-

mental effects. If the sodium concentration is high, the

soil colloids will disperse resulting in a tough or rubbery

condition. In this case, tilth and permeability are

reduced (29).

The hydraulic conductivity is dependent on both the

water that is flowing and the ability of the medium to con-

duct the water (27). The ionic composition of the water is

important in water transmission in the soil as sodium,

calcium, and magnesium ions directly affect water trans-

mission in the soil. High sodium water decreases soil

permeability by dispersing the colloidal particles (18).

Actually it is not the total sodium that is important, but

the ratio between sodium and calcium plus magnesium, that is

called the Sodium Absorption Ratio (SAR).

A soil is said to be alkali or sodic, when the

Exchangeable Sodium Percentage (ESP) is above 15, and irriga-

tion water is considered sodic when the (SAR) is above 13.

Reclamation of a soil high in sodium involves replacement
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of the exchangeable sodium by calcium or magnesium and sub-

sequent removal of the sodium by leaching (31).

The sulfur-containing chemical materials employed in

soil reclamation or water treatment are: aluminum sulfate,

ammonium polysulfide, ammonium thiosulfate solution, calcium

polysulfide solution, ferrous sulfate, gypsum, sulfur,

sulfuric acid, and sulfur dioxide (28). Some of these

amendments, like gypsum, supply calcium directly that will

replace exchangeable sodium; others, like sulfuric acid,

will dissolve calcium and magnesium carbonates and bi-

carbonates that will then replace exchangeable sodium, which

can be subsequently removed by leaching (32).

One of the first experiments using acidifying amend-

ments was conducted in Mesilla Valley, New Mexico, in a

heavily irrigated soil with a poor tilth and poor permea-

bility. The best results were obtained with gypsum and acid

phosphate (2).

Acidifying amendments were found to lower soil pH,

increase soil permeability, and reduce the percentage of

exchangeable sodium (2,7,18). Increasing concentration of

sulfuric acid over 1,000 ppm tends to decrease hydraulic

conductivity in calcareous soils. Concentrations up to

10,000 ppm of sulfuric acid increase permeability and

conductivity in sodic soils, Sulfuric acid creates an

abrupt neutralized or acidified layer on the surface, and
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the aggregate stability of such layers was reduced from 50

to 90% in most calcareous soils (16, 17).

Some arid region soils, though not in need of

reclamation, have a tendency to seal over at the surface,

thus restricting the downward movement of water through the

profile. It has been observed that the addition of certain

materials like ammonium polysulfide and sulfuric acid added

to the irrigation water will increase its penetration into

the soil, and the intake rate (28).



DESCRIPTION OF THE AREA

Location 

The experiment was laid out in the field B-3 of the

University of Arizona Experimental Farm at Marana, located

in the Avra Valley, about 35 km northwest of Tucson.

Climate 

The climate is classified as semi-arid with an

average annual precipitation of 263.9 mm, recorded at the

nearby Cortaro Weather Station. The main rainy season is in

the summer with an average of 73.1 mm in July and 44,7 mm in

August. There are also some winter rains, but in a lesser

amount (26).

The mean annual temperature is 20.1°C, with a mean

maximum of 29.8°C and a mean minimum of 10.4°C. The lowest

temperature was -10.5°C in January, and the highest 45°C in

June (26).

The relative humidity is normally very low. At The

University of Arizona in Tucson average relative humidities

were reported from 17.5% in May to 39.6% in December, at

noon, and from 32,7% in May to 66.2% in December, at 8:00

a.m. (26).

Such low relative humidities combined with hi5h sun

radiation give an extremely high evaporation rate of watex,

1 0
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from soils and free water surfaces. The evaporation from

open water surface recorded at The University of Arizona in

Tucson was an annual average of 2,162.8 mm ranging from 39.6

mm in December to 326.6 mm in June (26).

Soil 

The soils in the area where Marana is located are

classified as deep soils of thermic region. Because of

their proximity to waterways these soils are subjected to

periodic flooding during which deposits of sediments are

left on the soil surface. Because of mans activity, the

frequency of flooding has been reduced in recent years. The

frequent accumulation of new layers does not permit a

greater contribution of factors such as climate and vegeta ,-

tion to the formation of the soil. Therefore, these soils

lack time to develop (5).

The dominant soil type on the Marana Experimental

Farm is the Pima clay loam, and is classified as a Cumulic

Haplustoll. The 25-100 cm control section averaged 27.6%

sand, 45.3% silt, and 27% clay. A profile description made

in the field where the experiment was set out showed a clay

loam surface texture 50 cm deep underlaid by a silty clay

layer of 15 cm. Below this layer there is the C horizon

with several different layers ranging from heavy silt loam

to gravelly sand (22),
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This soil has a moderate permeability (5-62 mm/hr),

and will hold 4.3 cm of available water in the 30 cm surface

horizon, and 21.3 cm in the upper 1.5 m of the profile (22).



MATERIAL AND METHODS

Field Work 

Experimental Layout

The experiment was laid out as a randomized complete

block with four treatments and six replications, with a total

of 24 plots. Each plot was 12.10 meters long by 8.80 meters

wide, or 106.48 square meters. Between the plots an alley of

6.10 meters was left in both directions.

The four treatments were: chisel, sulfuric acid,

Nitrosul, and control, and the indicator crop was sudan-

grass (Sorghum sudanense). Nitrosul is a commercial product

commonly used as a soil amendment. It contains ammonium

polysulfide and anhydrous ammonia.

All the field work was done during the summer of

1973. The field was prepared during the month of June when

it was staked, chiseled, disked, leveled and planted, and

after this, the ridges were made in order to form basins

(Fig. 1). Chiseling was done in plots 3, 8, 11, 16, 20, and

22, in the direction of the length of the plot with 50 cm

spacement and 50 cm depth (Fig. 21.

Irrigations

Basin irrigation was used, and four irrigations were

applied on June 7, July 5, July 31, and September 11. In

13



Fig. 1. General view of the basins prior to the first

irrigation.

Fig. 2. Chiseling equipment in operation.

14
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each irrigation 15.565 cubic meters of water (14.5 cm deep)

were pumped in each of the 24 basins (Fig. 3). The rate of

infiltration was measured by reading rulers placed at the

middle of the narrowest side of the basins, in 10 to 20

minute intervals. The recorded readings were then plotted

against time to get the total water infiltrated between 20

and 100 minutes after the beginning of the irrigation.

Sulfuric acid and Nitrosul were applied in the

water only during the first irrigation at a rate of 605

kg/Ha of sulfuric acid, and 425 kg/Ha of Nitrosul, which

gave about 190 kg of sulfur per hectare.

Harvest

The grass was harvested on August 16 prior to the

last irrigation. A strip 3.70 meters by 8,50 meters

(31.40 square meters) in the middle of each plot was cut by

a mechanical windrower (Fig. 4 1. The fresh grass was

weighed in the field, and samples were taken to the

laboratory in order to obtain air-dry weight. Total yield

of each plot was calculated on an air dry basis.

Laboratory Work 

Moisture Determinations

Before the first irrigation, duplicate soil samples

were taken from two different points of the field at 25 and

50 cm depths, in order to know the actual soil water content.



Fig. 3. First irrigation, showing the 4" pipes and the
basins.

16

, Harvesting operation for Sudangrass grown in the
basins.

Fig. 4
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After the first and second irrigations, soil

samples were taken from three replications of each treatment

at 25, 50, and 75 cm depths. Samples were taken two, three,

and four days following the first irrigation, and two, four,

and six days after the second irrigation. The samples were

taken with an auger and put into aluminum moisture cans

which were taken to the laboratory where water content was

determined gravimetrically (11).

Soluble Salts and pH

Soil samples were taken from each of the 24 plots at

10 cm depth a few days after the last irrigation, air dried,

and sieved through a 2 mm screen size. Soil paste was made

using deionized water, and pH was determined with a glass

electrode pH meter (21). After this a saturation extract

was obtained from the paste with a vacuum pump, in which the

electrical conductivity was determined using a Wheatstone

bridge (3). The pH was also determined in a 1:5 soil solu-

tion.

Exchangeable and Water Soluble Cations

Water soluble and exchangeable sodium, calcium, and

magnesium were determined on extracts from sieved soils with

a Perkin Elmer atomic absorption spectrometer. For water

soluble cations, a water:soil ratio of 10:1 was used for the

three elements. For exchangeable cations, 1 N ammonium

acetate extracts were used. The cations extracted by
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ammonium acetate minus the water soluble cations equaled the

exchangeable cations (6).

The SAR was calculated with the following formula:

SAR -
	 Na

Ca + Mg 
2

in which the three elements are water soluble ions in

meq/1 of soil solution (29).

The ESP was calculated, using the following formula:

Na - 100 ESP - Na + Ca + Mg

in which the three elements are exchangeable cations in

meq/100 g of soil (31).

Statistical Analyses 

Data of the infiltration rates and Sudangrass yields

were sent through the College of Agriculture statistics

laboratory for analysis. An analysis of variance was made

and level of significance calculated at the 5 and 1% proba-

bility. Mean separatiOns were by the Tukey test,



RESULTS AND DISCUSSION

Infiltration Rates 

When the first irrigation was applied the soil

water content was low, and the infiltration rates were high.

In the following irrigations, infiltration rates decreased

partly as a result of a higher initial water content. The

average infiltration rates were 51.5, 34.5, 28.9, and 24.6

mm/hr in the first, second, third, and fourth irrigations,

respectively, and can be classified as moderate according to

the USDA Soil Conservation Service.

Table 1 shows the mean infiltration rates of the

four treatments for each irrigation. Complete data on the

infiltration rates measured for each irrigation can be

found in Appendix A. In the first irrigation there were no

significant differences between treatments, but in the

second irrigation Nitrosul and sulfuric acid gave infiltra-

tion rates that were significantly higher than the control

plots. Infiltration rates were 11% higher with Nitrosul

and 14% higher with sulfuric acid. In the third and fourth

irrigations no significant differences were obtained.

The experiment was laid out in a calcareous soil

with a SAR of 3.39 (Table 5, p. 30), and a low sodium water

with a SAR of 2.5 (Appendix B) was used for irrigation.

19
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Table 1. Effects of treatments on average infiltration
rates, in cm per 80 min,for the four irrigations.

Treatment

Irrigations

First Second Third Fourth

Control 6.93 4.37 ab 3.58 3.08

Chisel 7.23 4.18 a 3.72 3.44

Nitrosul 6.66 4.87 bc 4.10 3.33

H 2SO4
6.66 4.97 c 4.00 3.27

Mean 6.87 4.60 3.85 3.28

Values in the same vertical column followed by the
same letter are not statistically different at the 5% level
of significance.

Despite the absence of sodium problems, there was a response

to acidifying amendments.

Figure 5, where the mean infiltrations are plotted

against irrigations, gives us a picture of what happened.

The spacement between the sulfuric acid and Nitrosul curves,

and the control curve is much wider in the second irriga-

tion. In the first irrigation they are close together, and

in the fourth irrigation they are gathering again. The mean

infiltration rates were significantly decreased for each

irrigation,

The acidifying amendments were applied during the

first irrigation and its effects were minimal because of the
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loose condition of the soil. Significant increases in

infiltration rates for the amendments were, however,

observed in the second irrigation. In the following

irrigations the effects of the amendments were decreasing,

and though sulfuric acid and Nitrosul treatments were still

giving higher infiltration rates as compared with control,

the differences were not significant.

The fact that the infiltration rates increased, but

did not last for a long time, suggested that higher amounts

of chemical amendments should have been applied, or that the

same amount should have been applied in all irrigations.

Laboratory analyses which will be discussed later support

this assumption.

There was a slight increase in infiltration rates

with chiseling in the first irrigation, but it was not

statistically significant (Table 1). The shattering of the

soil profile to a 50 cm depth increased water intake slightly

in the first irrigation, but it did not last for the follow-

ing irrigations, The absence of a so-called restricted

layer in this soil was probably the most important reason

for the slight increase in infiltration rates. The poor

structure development and the fine texture of the soil were

probably the reasons why it lasted for such a short time.
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Moisture Content 

The moisture content at time of chiseling and the

first irrigation was greater than 15% by weight. This

moisture level is within the available soil moisture range

for the Pima clay loam soil. This soil holds 12% and 23.5%

by weight at the wilting and field capacity points,

respectively (22).

Tables 2 and 3 give the average water content of

each treatment at three different depths after the first

and second irrigations, respectively. Appendix C shows the

data for all the moisture determinations that were made.

The water content in the surface horizon decreased

rapidly because of the high evaporation rate. From two to

four days after the first irrigation there was a decrease in

moisture at 25 cm depth of about 8% with the exception of

the sulfuric acid treatment which decreased about 3%

(Table 2).

From two to six days after the second irrigation,

the soil moisture decreased in all treatments about 16% at

25 cm depth (Table 3).

No changes could be observed, however, in the deeper

horizons where, in some cases, there was an increase in

water content, probably due to an upward movement of water

by capillarity replacing water lost by evaporation,

There was a smaller difference between the water

content at 25 and 75 cm depths in the control plots than in
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Table 2. Effects of treatments on average soil water
content with depth, two, three, and four days
after the first irrigation.

Days after irrigation 
Depth
(cm)  Treatment 2 3	 4

(%)

Control	 25	 22.76	 20.74	 21.02
50	 31.14	 31.48	 31.01
75	 31.72	 32.79	 29.65

Chisel	 25	 21.58	 21.38	 19.65
50	 28.12	 30.02	 31.15
75	 31.02	 27.78	 32.89

Nitrosul	 25	 21.47	 20.62	 19.88
50	 28.58	 33.28	 26.43
75	 28.84	 32.05	 30.57

H2SO 4	 25	 20.85	 20.58	 20.15
50	 24.23	 27.09	 25.53
75	 30.53	 29.31	 29.75
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Table 3. Effects of treatments on average soil water
content with depth, two, four, and six days after
the second irrigation.

Days after irrigation
Depth

Treatment
	

(cm)	 2	 4	 6

(%)

Control	 25	 23.67	 21.58	 20.25
50	 27.61	 25.92	 24.10
75	 28.00	 26.58	 29.46

Chisel	 25	 22.68	 20.51	 18.91
50	 33.65	 27.57	 28.31
75	 33.08	 32.39	 29.25

Nitrosul	 25	 24.14	 21.27	 20.54
50	 28.12	 28.75	 30.08
75	 31.76	 33.96	 31.99

H 2SO 4	
25	 22.75	 21.04	 19.13
50	 26.82	 24.08	 25.68
75	 33.86	 32.18	 32.00
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the treated plots. This is more evident in the second

irrigation, where six days after irrigation there was 31%

more water at the 75 cm depth than at 25 cm in the control

plots, but these differences were 35, 36, and 40% in

chisel, Nitrosul, and sulfuric acid plots, respectively.

The curves in Figs. 6 and 7 show the average water

content of each treatment four days after the first and

second irrigations, respectively. The control curve is

much sharper than the other three curves which are

increasing steadily from the surface to the 75 cm depth.

This suggested a slower movement of water upward to the

surface horizon due probably to some changes in soil

physical conditions with an increase in the water holding

capacity.

Soil Analysis 

Tables 4, 5, and 6 show the results of laboratory

analyses that were done on samples taken from each plot and

averaged for each treatment. Detailed data including

laboratory analysis from all samples are given in Appendices

D and E.

This soil with a SAR of 3.39 (control plots1 is not

a sodic soil, but the treatments used in this experiment did

change the soil characteristics somewhat.

Soil pH (Table 4) decreased slightly with Nitrosul

and sulfuric acid applications, although the reverse happened
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Average moisture content four days after the first
irrigation from the surface horizon to 75 cm
depth.

Fig. 6.
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Fig. 7. Average moisture content four days after the
second irrigation from the surface horizon to
75 cm depth.
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Table 4. Mean pH and electrical conductivity of soil
samples collected after the fourth irrigation.

pH

Treatment Paste 1:5 EC x 10
3

Control 7.75 8.85 0.61

Chisel 7.78 8.86 0.63

Nitrosul 7.72 8.80 0.66

H2SO4 7.72 8.83 0.68

in the chiseled plots. On the other hand, electrical

conductivity increased a little with the acidifying amend-

ments. The chemicals used could have increased hydrogen ion

concentration and released some of the soil salts causing

these slight changes in pH and electrical conductivity.

Water soluble and exchangeable sodium decreased in

all treatments, but more in the sulfuric acid plots where

the soluble sodium dropped from 5.22 to 4.60 mecill (Table

5). This is a decrease of about 12%.

With calcium and magnesium the reverse occurred,

with the concentration of the two cations increasing in all

treatments, except water soluble and exchangeable magnesium

in the Nitrosul treated plots, In the sulfuric acid plots,

water soluble calcium increased from 3.31 to 3.57 meg/1

(Table 5). This is an increase of about 8%, but water

soluble magnesium increased a much lesser amount,
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Table 5. Mean water soluble cations and SAR of soil samples
collected after the fourth irrigation.

Na Ca Mg

Treatment ppm meq/1 ppm meq/1 ppm meq/1 SAR

Control 120.00 5.22 66.17 3.31 17.50 1.46 3.39

Chisel 117.33 5.10 68.33 3.42 18.83 1.57 3.23

Nitrosul 112.00 4.87 66.33 3.32 17.33 1.44 3.16

H 2SO 4 105.83 4.60 71.50 3.57 18.00 1.50 2.89

Part of the exchangeable sodium should have been

replaced by calcium and magnesium ions released by the

chemical amendments used in the experiment.

Table 6 shows that the ESP decreased in all treat-

ments. The sulfuric acid plots dropped from 0.71 to 0.59

as compared with the control plots, representing a decrease

of about 17%. This means that the exchangeable sodium that

was replaced by calcium and magnesium after the first

irrigation was leached in the following irrigations.

In spite of the low sodium soil, the experimental

results show a correlation between the increase in infil-

tration rates and the decrease in ESP.

Yield 

The supposed improvement in soil characteristics

with the use of acidifying amendments and chiseling was not

reflected in the yields that are shown in Table 7,
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Table 6. Mean exchangeable cations and ESP of soil samples
collected after the fourth irrigation.

Na Ca Mg

meg/ meg/ meg/
Treatment ppm 100g ppm 100g ppm 100g ESP

Control 69.17 0.30 7570.5 37.85 449.17 3.74 0.71

Chisel 66.67 0.29 7951.7 39.76 497.83 4.15 0.65

Nitrosul 63.33 0.27 7907.0 39.53 439.33 3.66 0.62

H 2 SO4 61.00 0.26 7821.8 39.11 487.00 4.06 0.59

Table 7.	 Average yields in kg of air-dry Sudangrass as
affected by soil treatment.

Treatment kg/31.2m2 kg/Ha

Control 71.845 23,027

Chisel 66.697 21,377

Nitrosul 64.382 20,635

H2SO4
64.869 20,791
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Though not statistically significant, all treat-

ments resulted in a decrease in yield as compared with the

control, and this decrease was greater in the Nitrosul and

sulfuric acid treated plots.

The reason for lack of response to the applied

treatments may be that the physical and chemical properties

of the soil were not limiting factors of sudangrass produc-

tion.



CONCLUSIONS

The present study was carried out in a low sodium

soil where no compacted layers were present in the soil

profile, and the irrigation water used is considered to be

of good quality. In spite of this, infiltration rates did

change to a reasonable degree, although the results were

not as significant as those obtained in experiments with

sodic soils.

There is considerable evidence that soils with these

physical characteristics can be improved with the use of

either sulfuric acid or Nitrosul. More work, however, would

have to be done in order to determine suitable amounts and

frequencies in which these amendments should be applied.

On the other hand, improving a soil with this type

of physical characteristic by chiseling will be lasting only

until the first irrigation, Thus the economic benefits of

chiseling under these conditions are questionable.

Chiseling should be done when the soil moisture content is

very low rather than in the available range as was the case

in this experiment.

Further experiments should be done using these

amendments and some others, in order to answer many of the

questions resulting from this study,
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APPENDIX A

WATER INFILTRATION RATES, IN cm/80 min, IN THE
24 PLOTS, DURING THE FOUR IRRIGATIONS

Irrigation

Treatment	 Plot	 1st	 2nd	 3rd	 4th

Control

Chisel

	1 	 5.9	 4.1	 2.9	 2.5
7	 7.2	 3.9	 3.2	 2.6

	

12	 6.9	 4.2	 3.6	 3.4

	

15	 7.1	 4.4	 3.8	 3.0

	

18	 6.7	 4.7	 4.3	 3.5

	

21	 7.8	 4.9	 3.7	 3.5

	

3	 7.3	 3.4	 3.2	 2.7

	

8	 6.8	 4.0	 3.6	 -

	

11	 7.1	 4.0	 3.8	 2.8

	

16	 7.2	 4.4	 3.8	 4.0

	

20	 7.4	 4.4	 3.8	 3.6

	

22	 7.6	 4.9	 4.1	 4.1

Nitrosul

	

4	 6.8	 4.0

	

6	 6.2	 4,9

	

9	 6.7	 4.8

	

14	 6.1	 4,8

	

19	 7,5	 4,3

	

23	 -	 6.4

	

3.6	 3.1

	

3.4	 2.5

	

3.6	 3.1

	

4,1	 3.5

	

4.7	 3.3

	

5.2	 4.5

H2SO 4
2	 7,2
5	 6.7

10	 6,7
13	 6,2
17	 6.5
24

4.5
4.8
5.0
4,6
5,1
5.8

	

4.0	 2.8

	

3.6	 2.6

	

3.9	 3.1

	

3,6	 3.3

	

4.0	 3.7

	

4.9	 4.1
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APPENDIX B

IRRIGATION WATER ANALYSES OF A SAMPLE COLLECTED
FROM THE CEMENT DITCH ON THE MARANA FARM

Soluble salts	 352 ppm

EC x 10 3	 0.46 mmhos

Calcium	 36 ppm (1.8 meg/1)

Magnesium	 6 ppm (0.5 meg/1)

Sodium	 63 ppm (2.7 meg/1)

Chloride	 36 ppm

Sulfate	 69 ppm

Carbonate	 0

Bicarbonate	 156 ppm

Fluoride	 1.35 ppm

Nitrate	 10.2 ppm

pH	 ,	 7.7

SAR	 2.5
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APPENDIX C

SOIL MOISTURE PERCENTAGE IN 12 PLOTS AT THREE DIFFERENT
DEPTHS AFTER THE FIRST AND SECOND IRRIGATIONS

Days after 1st	 Days after 2nd
Irrigation	 Irrigation

Treat-	 Depth
ment	 Plot (cm)	 2	 3	 4	 2	 4	 6

Control	 7	 25	 23.99 22.02 20.86 23.20 21.35 20.79
50	 36.58 36.99 35.15 23.73 21.44 24.15
75	 31.23 32.42 30.18 20.76 23.15 31.29

	

12	 25	 22.39 20.51 22.11 24.51 23.33 20.78
50	 28.89 29.73 31.11 30.57 32.17 25.56
75	 32.56 31.49 29.24 28.56 24.39 28.14

	

18	 25	 21.88 19.71 20.08 23.29 20.05 19.17
50	 27.95 27.72 26.78 28.53 24,14 22.59
75	 31.36 34.46 29.52 34.69 32.21 28.95

Chisel	 11	 25	 23.36 24.34 21.37 25.07 22.99 20.45
50	 31.08 32.88 33.11 32.93 22.33 23.90
75	 27.50 25.52	 -	 31.28 31.45 29.43

	

16	 25	 20.77 20.04 19.62 23.01 18.12 18.16
50	 30.92 33.92 33.64 30.90 32.22 34.52
75	 33.69 29.35 33.19 34,80 33.19 33.65

	

20	 25	 20.62 19.75 17.96 19.96 20.42 18.13
50	 22.36 23.27 28.71 37.12 28,15 26.50
75	 31.88 28.48 32.59 33,16 32.53 24,67

	

Nitrosul 4	 25	 22.42 20.90 20.35 25.25 21.70 22.46
50	 40.60 33.36 23.95 28.28 29.55 31.86
75	 28.35 30.55 30.41 34.16 34.51 33,14

	

6	 25	 24.84 32,67 22.04 25.80 22,20 20.93
50	 23.16 31.09 27,29 35.21 32,87 29.55
75	 33.34 32,57 29.78 32,20 34.57 32,48

	

23	 25	 17.16 20.34 17.24 21.36 19.90 18,24
50	 21.97 35.40 28.06 20,86 23,83 28.83
75	 24.84 33.03 31.52 28.93 32,61 30,34

H 2SO 4	
2	 25	 22.43 22.06 21.43 25.89 23.55 21.20

50	 25.84 27.36 26.96 26.53 32,61 25,19
75	 26,72 25.01 30,92 30.82 35,69 32,93

	

17	 25	 18.72 19.71 20,48 22.43 20,32 18.51
50	 22.59 22.68 20,80 26.10 20.77 25,15
75	 34,03 32.73 28.69 34.71 29,40 32,85
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Days after 1st	 Days after 2nd
Irrigation	 Irrigation

Treat-	 Depth
ment	 Plot (cm)	 2	 3	 4	 2	 4	 6

24	 25	 21.41 19.97 18.54 19.92 19.26 17.67
50	 24.25 31.22 28.84 27.82 18.87 26.70
75	 30.85 30.20 29.63 36.04 31.45 30.21



APPENDIX D

pH AND ELECTRICAL CONDUCTIVITY IN THE 24 PLOTS
AFTER THE LAST IRRIGATION

pH

Treatment	 Plot	 Paste	 1:5	 EC x 10 3

Control

Chisel

Nitrosul

H 2SO 4

	1 	 7.7	 8.8	 0.66
7	 7.8	 8.9	 0.59

	

12	 7.7	 8.9	 0.58

	

15	 7.8	 8.8	 0.59

	

18	 7.7	 8.9	 0.60

	

21	 7.8	 8.8	 0.64

	

3	 7.8	 8.9	 0.72

	

8	 7.7	 8.9	 0.68

	

11	 7.8	 8.9	 0.54

	

16	 7.8	 8.8	 0.65

	

20	 7.8	 8.9	 0.52

	

22	 7.8	 8.8	 0.67

	

4	 7.7	 8.8	 0.56

	

6	 7.7	 8.8	 0.75

	

9	 7.7	 8.8	 0.70

	

14	 7.7	 8,8	 0.63

	

19	 7.8	 8.8	 0.70

	

23	 7.7	 8.8	 0.60

	

2	 7.7	 8.8	 0.65

	

5	 7.7	 8.8	 0.72

	

10	 7.7	 8,9	 0,67

	

13	 7,7	 8.8	 0.74

	

17	 7,7	 8.9	 0,56

	

24	 7.8	 8.8	 0,74
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APPENDIX E

WATER SOLUBLE AND EXCHANGEABLE CATIONS IN THE 24 PLOTS
AFTER THE LAST IRRIGATION

Water soluble	 Exchangeable
cations	 cations

Treatment	 Plot	 Na	 Ca	 Mg	 Na	 Ca	 Mg

(ppm)

Nitrosul

H 2SO 4

	1 	 121	 47	 16

	

7	 128	 37	 10

	

12	 126	 66	 17

	

15	 112	 70	 20

	

18	 105	 88	 19

	

21	 128	 89	 23

	

3	 121	 73	 22

	

8	 130	 60	 14

	

11	 112	 46	 14

	

16	 118	 56	 18

	

20	 112	 86	 21

	

22	 111	 89	 24

	

2	 110	 68	 16

	

5	 112	 71	 22

	

10	 112	 69	 15

	

13	 118	 68	 17
17	 72	 79	 18

	

24	 111	 74	 20

	

73	 7053	 494

	

103	 8563	 510

	

85	 7514	 493

	

60	 7690	 490

	

62	 7532	 431

	

32	 7071	 277

	

74	 7907	 458

	

103	 9340	 596

	

76	 7614	 596

	

48	 7984	 472

	

46	 7294	 429

	

53	 7571	 436

73	 7412	 564
85	 9149	 568
73	 8211	 485
60	 7092	 433
50	 7801	 422
25	 7266	 450

Control

Chisel

	

4	 105	 60	 20	 56	 7320	 350

	

6	 111	 47	 14	 63	 8033	 476

	

9	 100	 58	 14	 100	 9742	 556

	

14	 133	 70	 15	 77	 6930	 435

	

19	 100	 83	 19	 57	 7637	 381

	

23	 123	 80 	 22	 25	 7780	 438
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