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ABSTRACT 

The spatial variation of selected soil properties was studied 

on an 0.85-ha area at the University of Arizona Maricopa Agricultural 

Center. The properties evaluated were sand, silt, clay, saturated 

hydraulic conductivity (k), bulk density, salinity (ECe), pH, satura

tion percentage, soil moisture tension, and porosity. 

The maximum coefficient of variation (CV) was found for k at 

the 120-cm depth. The minimum CV was found for pH. To estimate means 

with 10% of the real mean at 0.05 level of significance 400, 2, and 1 

samples are required for k, bulk density, and pH, respectively. Most 

of the other estimates for number of samples required ranged from 1 

to 59. 

Yield was well correlated with 0.1 bar tension, k, and per

centage of clay. A close relationship was found between bulk density 

and k using all depths. Percentage of clay was negatively correlated 

with k and positively with saturation percentage. 
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CHAPTER 1 

INTRODUCTION 

Spatial variation of soil properties has widely been recognized 

by many authors (Coelho, 1979; Guma'a, 1978; Gajem, 1980; Warrick, Mullen, 

and Nielsen, 1977) as an important factor dealing with the management 

practices over a field. Soil variation is a consequence of soil formation 

factors and the continuous changes over the earth's surface. Although 

natural factors like burrowing worms, regional gradients in climate, 

and the type of parent material have been recognized as the main factors 

causing soil variability, human management plays an important role in 

this process. Practices like tillage, plowing, and the type of drainage 

used by the farmer could affect the physical properties of a particular 

field. McKeague, Wang, and Topp (1982) reported practices and current 

land use have a major effect on soil structure, porosity, and density, 

and hence on saturated conductivity. 

The degree of soil variability that occurs in a particular 

field is difficult to determine. A good knowledge of this variability 

within the soil was considered by Guma'a (1978) as essential to the 

farmer in deciding the adequacy of cultural practices. Also, agrono

mists, soil chemists, hydrologists, and in general soil researchers 

can benefit from a knowledge of soil variability. 

Soil variability occurs at all depths, therefore determination 

of the parameter throughout the soil profile will be useful in 

1 
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understanding processes on the soil; for example, the soil water move

ment in the field and how it will affect the yield. 

The objectives of this investigation were to: 

1. Determine the relative spatial variability of selected physical 

and chemical properties over an irrigated field at five depth 

increments. 

2. Examine the degree of association of these soil properties 

using linear and multiple correlation. 

3. Determine the effect of soil spatial variability on crop yield 

and present recommendations on management practices. 

properties considered were: Particle-size analysis, bulk den

sity, saturated hydraulic conductivity, electrical conductivity, pH, 

percentage of saturation, 0.1, 1.0, and 5.0 bars moisture content, and 

porosity. 

To achieve the objectives, a total of 28 sites, including nine 

transect locations, were sampled at five depths in a furrow-irrigated 

cotton field at the University of Arizona Maricopa Agricultural Center. 



CHAPTER 2 

LITERATURE REVIEW 

Spatial variation of physical and chemical properties is mainly 

caused by the interaction of natural factors and human management over 

a particular field. Investigation about which of the factors has the 

highest degree of influence over this phenomenon is difficult and 

expensive. A good knowledge of the degree of variation on most of the 

physical and chemical properties throughout the soil profile is neces

sary for improving uniformity in irrigation, fertilization, pesticide 

application, and in designing irrigation and drainage systems. 

The four major components of the soil (inorganic particles, 

organic matter, water, and air) vary greatly with time from place to 

place, from one layer to another, and in different parts of the world. 

Cassel (1983) found a significant variation from 1.44 to 1.63 on the 

dry bulk density over a loamy sand field following tillage. Such 

changes induced changes to the saturated hydraulic conductivity (k), 

and they were related to tractor wheel compaction and associated with 

moisture content of the soil. 

One of the most important soil physical properties related to 

the hazard of ponding water, runoff erosion, drainage, and to the soil 

water regime in relation to its potential uses is the k. Saturated 

hydraulic conductivity is defined by Hillel (1982, p. 100) as "the ratio 

of the flux to the hydraulic gradient, or as the slope of the flux 

3 
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versus gradient curve." Saturated hydraulic conductivity has widely 

been studied by many researchers (Watt, Huck, and Paetzold, 1982; 

Pupisky and Shainberg, 1979; Guma'a, 1978; Coelho, 1974; Boyer, 1978; 

Bouma, 1982; Vieira, Nielsen, and Biggar, 1981; Warrick et al., 1977; 

McKeague et al., 1982). 

Surface irrigated systems in arid and semiarid zones are 

designed to raise the soil water content of the root zone to its field 

capacity, and in this process the rate of water infiltration throughout 

the soil profile is mainly considered as the input which varies with time 

and space. Field capacity is defined as the amount of water remaining 

in the soil 2 or 3 days after wetting and after free drainage becomes 

negligible. Accurate values of available water content of soil textural 

classes are helpful in accomplishing this task. Those values would 

eventually allow the correlation of available water content to soil 

texture for a given profile. Available water content is defined as the 

amount of water released from the soil between field capacity and -15 

bars, or permanent wilting point. Coleman (1944) reported that field 

capacity, available water content, and permanent wilting point depend 

on the amount of water applied as well as soil texture, structure, 

stratification, and salt content. 

Calculated values of soil variability are affected by errors 

in the technique used to determine the parameters. For example, the 

hydrometer method used in determining textural groups has been recog

nized as somewhat less accurate than the alternative pipette method. 

Values were compared between the two methods by Liu et al. (1966). 
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Arya and Paris (1981) considered the spatial variability as a problem 

dealing with the procedures employed in the determination of the mois

ture characteristic based on particle-size distribution. 

Watt et al. (1982) found that the core method consistently gave 

larger values of k than the piezometer method. Terry, Cassel, and 

Wollum (1981) found that the differences in bulk density by core size 

are attributed to variation in depth of surface horizons and differences 

in soil compression, which is the function of core diameter. A core 

diameter of 7.6 cm was found to be the best size for determining bulk 

density. Regarding the technique used, the values of k can also be 

modified in the field by the application of salty water and organic 

fertilizers. De Kimpe (1984) showed that k and bulk density varied in 

the presence of organic amendments. Such variation was attributed to 

the decomposition of the organic amendments and the formation of aggre

gates in the soil; also, De Kimpe considered the total pore space of 

the soil as having a strong influence on those changes. Root develop

ment compacts the soil and decreases permeability, whereas root decay 

creates small channels within the soil, increasing water infiltration. 

Mclntyre et al. (1978) found that air trapped in clayey soils gave 

wrong values of k, increasing measured variability. To avoid this 

problem, they replaced the air trapped with carbon dioxide before the 

initial wetting of the soil. Mclntyre et al. found equivalent values 

of k with constant-head and falling-head techniques. Pupisky and 

Shainberg (1979) found that at high exchangeable sodium percentages 

(ESP) and salt concentration above 0.01 N, swelling of the clay is the 
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main mechanism responsible for decreasing the hydraulic conductivity in 

sandy soils. Gupta, Bumbla, and Abrol (1982) considered such decreases 

related to the high ESP in relation to the total salt concentration of 

the pore water resulting in clay dispersion; also, they considered pH 

related to the sodicity of calcareous soil which affects a wide range 

of physical and chemical parameters. 

Soil water retention is affected by soil texture, concentration 

of soluble salts, k, and pore-size distribution. In clayey soils, 

swelling and shrinkage associated with the addition or extraction of 

water changes the overall specific volume or bulk density, as well as 

its pore-size distribution. Also, the total pore space, the size, and 

the continuity on the arrangement of the pores are important. 

Coelho (1974), in his study of spatial variability of _in situ 

available water in three different 16-ha-area fields, found these 

fields to be heterogeneous. The soil moisture release curve, particle-

size analysis, hydraulic conductivity, and bulk density were the param

eters considered. Saturated hydraulic conductivity showed the highest 

coefficient of variation (CV) range, upward of 108%, whereas bulk den

sity showed the lowest. Values of soil water retention at 0.1 bar were 

highly correlated with sand content with correlation coefficients of 

r = -0.927, -0.947, and -0.821 for Fields 1, 2, and 3, respectively. 

A 0.1 bar moisture retention was also well correlated with silt content 

with values of correlation coefficients of r = 0.883, 0.901, and 0.718 

for Fields 1, 2, and 3, respectively. The 15.0 bar water retention was 

also highly negatively correlated with sand content in the fields. 
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Coelho found the number of samples required to estimate a mean within 

10% of actual value at the 0.05 level between three fields depends on 

the parameter being studied. In general, he found the maximum number 

of samples of 560 at the 150-cm depth required for k in Field 2, whereas 

1 sample is required for the bulk density for all depths in the three 

fields. He found that most CVs were within a range of 4.0 to 187%. A 

total of 119 samples is required at the 150-cm depth and 28 samples at 

the 30-cm depth to estimate the mean of clay percentage. A close rela

tionship was found between bulk density and percentages of sand and 

silt. Coelho also found that the values for k were normally distributed 

after log transformation (i.e., the k are log normally distributed). 

In general, the tendency was to find the largest values of samples at 

the 150-cm depth, indicating the enormous variability of those param

eters at this depth. 

Gajem (1980) also examined the spatial variability at the Univer

sity of Arizona Experimental Station at Marana, Arizona, using a total 

of 900 soil samples at the 50-cm depth over nine transects and using 

20-, 200-, and 2,000-cm spacing. Electrical conductivity, pH, bulk 

density, particle-size analysis, specific surface, and moisture content 

at 7 days after irriguation were the parameters used. Coefficients of 

variation for 0.1 bar water retention were found in the range of 4.9-

8.7% for the 20-cm spacing, 8.0-15.0% for the 200-cm spacing, and 20.6% 

for the 2,000-cm spacing, respectively. Specific surface CV ranges 

were 6.4-7.9%, 6.7-15.7%, and 21.7% at 20-, 200-, and 2,000-cm spacing, 

respectively. pH was found to have the lowest CV. Ranges were 
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1.1-2.3%, 1.1-1.6%, and 1.4% at the 20-, 200-, and 2,000-cm spacing, 

respectively. As evidenced, there is a tendency for the CV to increase 

as the spacing is increased. 

The values for hydraulic conductivity presented by Guma'a (1978) 

and Coelho (1974) indicate that a large number of soil samples must be 

taken in order to estimate a mean of k within 10% at the 0.05 level. 

McKeague et al. (1982) developed a model to reduce the laborious collec

tion and analysis of samples to calculate k from soil morphology. Using 

an air permeameter in 78 horizons, they found a range of 4.2-16.7 cm/hr 

for sandy loam, which was structureless without strata of fine material 

and not compressed. 

Coefficient of variation is often used in describing the amount 

of variability in a population because of the dimensionless value, which 

is easy to remember when comparing variability between parameters 

(Snedecor and Cochran, 1980). The equation used to find this value is: 

CV = a/u , (1) 

where a is the standard deviation (SD) from the mean and y the mean of 

population. The mean value gives an average value of the parameter and 

the SD shows the scatter of the parameter, as the value of SD increases, 

the dissimilarity of the parameter increases, and values range far from 

the estimated mean. 

The use of normally distributed values for a determined param

eter results in a useful statistic work that can be described mathemat

ically. The distribution for the population mean in repeated random 

samples of size n tends to become normal as n increases (Snedecor and 
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Cochran, 1980). Usage of cumulative frequency distribution reflects 

the proportion of the member of a population whose measured values 

exceed some stated level or fall short to the level. This process is 

explained by Warrick and Nielsen (1983). According to them, the number 

of samples (N) to estimate the population mean within a certain percen

tage of the correct value at a determined confidence limit is 

N = X a2/d2 (2) 
a 

where X is the normalized deviation found in a two-tailed student's 
a 

2 
t table with infinite degrees of freedom corresponding to a. The a is 

the population variance or its best estimate. This equation gives best 

results when the frequency distribution of the values is normally dis

tributed, but can be used for any distribution when N is large enough 

to satisfy the "central limit theorem." 

The degree of association between two variables X and Y is 

expressed by the correlation coefficient r. The values of r lie between 

-1 and +1. When r is positive, Y tends to increase when X increases; 

when r is negative, the value of Y tends to decrease as X increases. The 

relationship is expressed by the linear regression equation 

Y = a + b X (3) 

where Y is the estimated value of Y, a is the intercept, and b the 

slope or regression coefficient (Little and Hills, 1978). Multiple 

regressions are useful in explaining spatial variability between one 

independent and two or more independent parameters. For example, Arya 

and Paris (1981) considered prediction of hydrologic properties based 

on easier measured values of texture, organic matter, and bulk density 
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using multiple regression analysis. The equation for multiple linear 

regression is 

Y = a + b x ,  + b x _ + . . . b x  ( 4 )  
12 n 

with x^' X2 ' " ' the measure(^ attributes. 

Although the classical approach based on independent samples 

has been used to describe the variability of parameters (Guma'a, 1978; 

Coelho, 1974), others (Cf. Warrick and Nielsen, 1980) pointed out the 

description is incomplete because it does not provide information about 

the variability of the observation with respect to the coordinates 

sampled. Campbell (1978) recommended the use of semivariograms for 

the analysis of spatial variation. The semivariance y(h) for a set of 

measuremetns Y equally spaced at interval h to one half of the expected 

value of the squares differences between values of Y at location (i) 

and (i = j) or 

Y(h) = 1/2 E [ (Y - YJ2] . (5) 



CHAPTER 3 

MATERIALS AND METHODS 

Description of Study Area 

This study was conducted at the Maricopa Agricultural Center 

located 3 miles east of Maricopa, Arizona and 3 miles north of the 

Casa Grande/Maricopa Highway (Figure 1). 

The main crops in the zone are cotton, small grains, alfalfa, 

vegetables, melons, and several new crops such as buffalo gourd, jojoba, 

guayule, and grapes also perform well. The farm irrigation source is 

ground water pumped from 13 wells. Dissolved salts in the water range 

from 400 to 1,800 parts per million. 

The annual rainfall ranges from 100 to 250 mm and occurs pri

marily during July, August, and September. High temperatures of about 

44°C are reached during the summer. During the winter, a minimum of 

-5°C can occur. 

The farm has an elevation of 350 m above sea level and is bor

dered on the north and the east by the Gila River Indian Reservation. 

The field selected for this experiment was 0.85 ha of Field 5 with 

dimensions of 240 m in length and 35 m in width. 

Experimental Design and Methodology 

A total of 19 sites were chosen at random as shown in Figure 

2. Another nine sites were equally spaced down the center of the field. 

11 
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Figure 1. Location map of the University of Arizona Maricopa 

Agricultural Center 
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Figure 2. Sample sites at the study area (Field 5) 

(transect). One kilogram of disturbed soil was collected from each 

site at depths of 15, 30, 60, 90, and 120 cm. The samples were used for 

determination of pH, electrical conductivity (ECg), percetnage of satura

tion, and soil-moisture release curves. Core samples 5.3 cm in diameter 

were taken at the same depths, but only over sites located in Rows 15, 17, 

and 19. A hole of about 10 cm in diameter was dug with a post hole auger 

just short of the first desired depth. Then a bucket auger was used for 

cleaning and leveling the bottom of the hole, and the 5.3-cm core cylinder 

was driven in and removed with the core samples. This procedure was 

repeated in the same holes for the other depths. Samples were taken 

from the side of the bed, starting at a depth equal to the furrow bottom. 
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Core samples inside the metal ring were placed in small aluminum 

cans and stored carefully until preparation for analysis of bulk density 

and saturated hydraulic conductivity (k). 

Disturbed soils and core samples were oven dried at 105°C for 

24 hr before using. Disturbed soil samples were sieved through a 2-mm 

screen. 

Laboratory Methodology 

Particle-size Analysis 

The hydrometer method (Day, 1965) was used to determine the 

percentage of sand, silt, and clay. A sodium pyrophosphate solution 

was used as dispersing agent, and the calculation of the fractions was 

based on readings at 0.5, 1, 3, 10, 30, 90, 270, and 720 min, taken 

with a standard hydrometer (ASTM 152H). 

Saturated Hydraulic Conductivity 

Each core sample, complete with the metal ring, was weighed. A 

wire screen was placed over the bottom of each core, and an empty metal 

ring with the same dimensions (5.3 cm in diameter, 3.1 cm in length) was 

fitted on the top using duct tape. The core samples were placed in a pan 

containing distilled water until saturated. The cores were placed in a 

falling-head permeameter. Calculations of k were accomplished by using 

the falling-head formula (Cf. Hillel, 1982). 

k = [2.3 L/(t2-tl)] (log Hl-log H2) . (6) 

In Equation 6, L is the length of the soil column and and H2 are the 

heights of water measured at times t^ and t^, respectively. 
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Bulk Density 

After the k was calculated, each core soil sample was discarded 

and its metal ring weighed in order to get the oven-dry weight of the 

core. Then the bulk density was calculated using the core volume. 

pH and Saturation Percentage 

A 100-g subsample of each distrubed soil sample was obtained 

and water applied using a volumetric buret until a saturated paste was 

found. Finally, the pH was read with a pH meter. Percentage of satura

tion was calculated using the equation 

% Saturation = (Mass of water/Mass of soil) x 100 . (7) 

Electrical Conductivity 

After pH was calculated, soil samples were placed in a vacuum 

system to get the solution extract. The ECg of the extract was mea

sured using a standard conductivity meter. The cell constant was calcu

lated using specific conductance (Ls) of a known electrolyte conductor of 

potassium chloride solution (KCL), 0.01 N. The equation used was 

Ls = (L/A)L = (L/A) 1/R (8) 

where L is the electrode separation in centimeters, A is the cross-

sectional area, and R is the resistance in ohms. Because the ratio 

of distance to the cross-sectional area is constant, it is called 

constant K. Once K is calculated, the resistance of any other solution 

measured in the same cell can be calculated from Ls = K/R. Correction 

for temperature effects must be included. Values are reported in dS/m, 

which is equivalent to millimhos per centimeter. 
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Water Release Curve 

Water retention was studied in the laboratory using a pressur

ized chamber. The three negative pressures used were: 0.1, 1.0, and 

5.0 bars. Approximately 10 g of the soil samples were placed in small 

rubber rings over a ceramic plate of known pressure. Two calibrated 

ceramic plates of 1-0 bar were used to determine water retained at 0.1, 

and 1.0 bars of negative tension; determination of water content at 5.0 

bars was performed using two ceramic plates of 15.0 bars bubbling pres

sure. Forty-four samples were analyzed at a time using a 24-hr time 

period at each pressure. Pressures of 0.1, 1.0, and 5.0 bars were 

calculated for 28 sites at five depths. 

Yield 

The values of yield are reported as seed cotton and lint in 

kilograms per hectare (kg/ha). All sites were handpicked from a row 

2 
12-ft long and 40-in wide, which is equivalent to 40 ft . Values were 

transformed from pounds per acre (lb/acre) to kg/ha. All of the values 

used in the statistical analyses are shown in Table 1. 

Values obtained for all variables are presented in the appen

dices. These values were used in the various statistical analyses. 
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Table 1. Values obtained by location for each parameter at 

five depths 

Variable (unit) 

9 

Transect 

Location 

19 

Randomized 

Site 

Total 

Values 

Sand (%) X - 45 

Silt (%) X - 45 

Clay (%) X - 45 

k (cm/h) X - 45 

BD (g/cm^) X - 45 

Porosity (%) X - 45 

% Saturation X X 140 

pH X X 140 

EC (dS/m) 
e 

X X 140 

0.1 bar X X 140 

1.0 bar X X 140 

5.0 bars X X 140 

Yield (kg/ha) X X 28 

X = Considered 

- = Not considered 



CHAPTER 4 

RESULTS AND DISCUSSION 

Characteristics of Measured Parameters 

Particle-size Distribution 

Results of the particle-size analyses of 45 samples at five 

depths (15, 30, 60, 90, and 120 cm) over the nine locations along the 

transect are presented in Table 2. Values are expressed as mean, stan

dard deviation (SD), and coefficient of variation (CV) for the five 

depths. 

From Table 2, it is noted that the percentage of sand has a 

slight tendency to decrease with depth, whereas the percentage of clay 

tends to increase. The values for the CV for the textured groups are 

within a range of 34.7 to 32.7. It is noted that for each textured 

group, the value of CV has a tendency to increase with depth. Figure 7 

(p. 32) shows that the maximum CV between the textured class was found 

for the percentage of clay. Coelho (1978) found in his studies that 

the CV for sand increased with depth, but the values for silt and clay 

decreased. In the present study, the highest CV of 3 2.7 between tex

tured groups was found for the percentage of silt at the 60-cm depth, 

and the smallest value of 4.7 was found for the percetnage of sand at 

the 15-cm depth. 

When mean values of percentages of the textured groups were 

plotted in the U.S.D.A. soil texture triangle (Soil Survey Staff, n.d.), 
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Table 2. Mean, SD, and CV for soil-textural groups for the 

nine transect locations 

15 

Soil Depth (cm) 

30 60 90 120 
All 

Values 

Mean 

SD 

CV 

69.3 

3.3 

4.7 

65.6 

6.9 

10.5 

% Sand 

57.4 

13.1 

22.8 

57.3 

9.3 

16.3 

60.4 

1 0 . 0  

16.5 

61.9 

9.9 

1 6 . 0  

Mean 

SD 

CV 

1 6 . 6  

2.7 

16.5 

18.4 

4.9 

26.5 

% Silt 

24.1 

7.9 

32.7 

21.9 

6 . 2  

28.3 

20.5 

4.7 

23.0 

20.3 

5.9 

29.2 

Mean 

SD 

CV 

14.1 

3.5 

25.1 

1 6 . 0  

4.9 

30.8 

% Clay 

19.1 

5.1 

2 6 . 8  

20.7 

5.1 

24.5 

19.1 

6.1 

32.2 

17.8 

5.4 

30.2 
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it was found that most samples fall within the sandy loam class with 

the exception of the 90-cm depth, which falls within the sandy clay 

loam class. Using all values, this soil is classified as a sandy loam. 

To test the homogeneity of sand, silt, and clay by depth (five 

groups), a one-way ANOVA was performed. The sources of variability 

were between and within depths. Samples of the one-way ANOVA for sand, 

silt, and clay are presented in Tables, 3, 4, and 5, respectively. 

The F-observed value for the percentage of sand shows a significant 

difference at the 0.05 level between and within groups rejecting the 

null hypothesis of homogeneity, indicating that the sand content for 

this particular field is heterogeneous with depth. No significance was 

found at the 0.05 level in the F-observed value for silt or clay, there

fore the null hypothesis was accepted indicating no differences in the 

content of silt and clay with depth. 

Table 3. One-way ANOVA for percentage of sand 

Required F 

Source of Sum of Mean Observed 

Variation DF Squares Squares F 5% 1% 

Between depths 4 1,010.0 252.50 3.04* 2.61 3.83 

Within depths 40 3,325.0 83.13 

Total 44 4,335.0 

•Significant at 5% level 



Table 4. One-way ANOVA for percentage of silt 

Required F 

Source of Sum of Mean Observed 

Variation DF Squares Squares F 5% 1% 

Between depths 4 312.1 78.03 2.53 2.61 3.83 

Within depths 40 1,234.0 30.85 

Total 44 1,546.1 

Table 5. One-way ANOVA for percentage of clay 

Required F 

Source of Sum of Mean Observed 

Variation DF Squares Squares F 5% 1% 

Between depths 4 260.5 65.13 2.57 2.61 3.83 

Within depths 40 1,014.0 25.36 

Total 44 1,275.0 



Saturated Hydraulic Conductivity 

The values of mean, SD, and the CV for the saturated hydraulic 

conductivity (k) are summarized in Table 6. The k shows nonuniform 

values through the soil profile. A maximum mean value of 10-4 cm/h was 

found at the 15-cm depth; also, the maximum CV of 36.1 was found at 

the same depth. The minimum value was found to be 6.40 cm/h at the 

90-cm depth. The highest CV is at 90 cm. Similar results were found 

by Guma'a (1975) and Nielsen and Biggar (1973). 

Figure 3 shows that log (100 k) has a slight deviation from a 

normal distribution. Logarithmic values were used following the recom

mendations of Warrick and Nielsen (1980). The variables would be nor

mally distributed if the points fall on a straight line when plotted on 

a probability scale. When the log of the values tends to approach a 

straight line, values are log-normally distributed. Although the log 

(100 k) is not normally distributed using all values, the values for 

each depth approach a normal distribution. Figure 4 shows the tendency 

to normal distribution for values of log (100 k) at depths of 15, 30, 

and 60 cm. 

To study the homogeneity of k throughout the soil profile, a 

one-way ANOVA was performed on experimental data at five depths. 

Variance components are presented in Table 7, which revelas no signifi

cant F values. The null hypothesis of homogeneity is accepted, con

cluding that k is homogeneous with depth for this particular field. 

Table 8 shows that there is no difference between means at different 

depths for k. 
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Table 6. Mean, SD, and CV of k, the log of k, bulk density, 

and porosity at five depths over the 9 transect locations 

15 

Soil Depth (cm) 

30 60 90 120 
All 

Values 

Saturated Hydraulic Conductivity (cm/h) 

Mean 10.4 6.7 8.4 6.4 7.1 7.8 

SD 3.7 5.4 7.2 7.3 8.6 6.5 

CV 36.1 80.4 86.2 114.7 121.6 84.7 

Log of Saturated Hydraulic Conductivity (log (cm/h)) 

Mean 

SD 

CV 

1 . 0  

0 . 2  

19.5 

0.7 

0.4 

65.7 

0 . 8  

0.4 

49.4 

0.4 

0.7 

154.1 

0.5 

0 . 6  

116.8 

0.7 

0.5 

74.8 

Mean 

SD 

CV 

1.5 

0 . 1  

5.0 

Bulk Density (g/cm ) 

1.5 1.5 1.6 

0 . 1  0 . 1  0 . 1  

9.1 6.7 8.9 

1 . 6  

0 . 1  

7.6 

1 . 6  

0.1 

7.6 

Porosity (%) 

Mean 43.0 42.5 42.8 41.1 39.4 41.8 

SD 2.8 5.2 3.9 4.9 4.6 4.4 

CV 6.6 12.2 9.0 12.0 11.7 10.5 
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Figure 3. Cumulative frequency distribution of logarithmic 

hydraulic conductivity at five depths over 9 transects 
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Figure 4. Cumulative frequency distribution of logarithmic 

hydraulic conductivity at the 15-, 30-, and 60-cm depths over the 

nine transect locations 
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Table 7. One-way ANOVA for k 

Required F 

Source of Sum of Mean Observed 

Variation DF Squares Squares F 5% 1% 

Between depths 4 95.89 33.97 0.78 2.61 3.83 

Within depths 40 1,781.00 44.54 

Total 44 1,877.00 

Table 8. Results for mean comparison for k using the Least 

Significant Difference by Student's _t at 0.05 significance level 

Identification Means 

4 6.39 A 

2 6.66 A 

5 7.09 A 

3 8.37 A 

1 10.36 A 
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Bulk Density and Porosity 

The values of the mean, SD from the mean, and the CV for bulk 

density and porosity at five different depths for 45 samples are summa

rized in Table 6. The values of bulk density show a slight tendency to 

increase with depth. Such values are not in agreement with the values 

of sand content, which tend to decrease with depth. The increasing 

values of bulk density with depth would be attributed to some degree 

of compaction and on swelling and shrinkage of clay content. Low val

ues of SD and relatively uniform CV, ranging from 5.0 to 9.1, are also 

shown in Table 6. 

The porosity was evaluated by the equation 

f = (1 - —) x 100 (9) 
ps 

in which is bulk density, is particle density (a value of 2.65 

g/cm was assumed for Pg). The degree of variation from the mean, SD, 

and CV values show a tendency similar to those found for bulk density. 

The maximum mean for porosity is 43.0 at the 15-cm depth, and the minimum 

value for the mean is 39.4 at 120 cm. The law values for the SD of the 

mean and the CV show a relative uniform distribution. The CV ranges 

from 6.6 at 15 cm to 12.2 at the 30-cm depth. The high CV could be 

related to those factors affecting bulk density. 
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Electrical Conductivity, Percentage 

Saturation, and pH 

Values for the mean, SD from the mean, and CV for electrical conduc

tivity (ECg), percentage of saturation, and pH are presented in Table 9. 

The mean values of EC show a slight tendency to decrease with depth 
e 

except at the 120-cm depth, which had the maximum mean of total salt concen

tration. A range of 29.6 to 46.9 was found for EC^ at the 30- and 120-m 

depths, respectively. The mean for all values is 1.74 with a 0.638 SD and 

36.7 CV. 

The values for percentage of saturation indicate a slight ten

dency to increase with depth from 26.1 at 15 cm to 33.1 at 90 cm. This in

crease is related to the slight increase of clay with depth. The CV are 

in a range of 11.6 to 14.2, showing the relative uniformity of this vari

able. The mean for all values is 30.0 with a 4.95 SD and 16.5 for the CV. 

The mean values for pH show a high uniformity throughout the soil 

profile; as indicated by the small values for the SD of the mean and by 

the small CVs (see Figure 7, p. 32) . Thus, the mean value of 7.4 is an 

estimate for the 15- to 120-cm depths for this particular field. 

Water-holding Capacity 

Values for the mean, SD from the mean, and CV for water retained 

at 0.1, 1.0, and 5.0 bars of negative pressure are shown in Table 10. 

The volumetric water-content values indicate that the water-holding 

capacity of the soil decreased for each pressure increment. It is also 

noted that the CV at each particular pressure increased with depth. At 0.1 

bar pressure, a range of CV from 15.1 to 23.3 was found, corresponding to 



Table 9. Mean, SD, and CV for electrical conductivity, pH, 

and percentage of saturation at five depths 

Soil Depth (cm) 

15 30 60 90 120 

Ai 1 

Values 

Electrical Conductivity (dS/m) 

Mean 1.89 1.80 1.60 1.51 1.91 1.74 

SD 0.51 0.53 0.54 0.46 0.90 0.63 

CV 32.50 29.60 34.00 30.60 46.90 36.70 

Percentage Saturation 

Mean 26.10 28.10 32.20 33.10 30.50 30.00 

SD 3.04 3.98 4.34 4.16 3.53 4.95 

CV 11.70 14.20 13.50 12.60 11.60 16.50 

pH 

Mean 7.30 7.30 7.40 7.30 7. 40 7.40 

SD 0.14 0.13 0.14 0.12 0.15 0.14 

CV 1.90 1.80 1.90 1.70 2.00 1.90 



Table 10. Mean, SD, and CV of volumetric water content ((cm^/ 

cm ) x 100) for 0.1, 1.0, and 5.0 bar tension at five soil depths 

Soil-water Pressure Head (bar) 

0.1 1.0 5.0 

Soil Depth: 15 cm 

Mean 27.29 15.40 10.22 

SD 4.11 4.05 2.15 

CV 15.10 25.30 21.10 

Soil Depth: 30 cm 

Mean 31.19 16.38 11.85 

SD 6.17 4.75 2.91 

CV 19.80 29.00 24.60 

Soil Depth: 60 cm 

Mean 34.99 20.49 14.23 

SD 7.58 6.02 3.73 

CV 21.7 29.4 26.2 

Soil Depth: 90 cm 

Mean 33.95 18.70 13.58 

SD 7.14 5.05 3.34 

CV 21.0 27.0 24.60 

Soil Depth: 120 cm 

Mean 31.32 17.80 12.78 

SD 27.30 4.72 3,16 

CV 23.30 26.50 24.70 

All Values 

Mean 

SD 

CV 

34.90 

7.64 

21.9 

16 .80  
5.36 

31.9 

1 1 . 6 1  
3.60 

31.0 
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the 15- and 120-cm depths, respectively. It is noted that at 1.0 bar 

pressure, a maximum CV of 29.4 was found at the 60-cm depth, and a 

minimum CV of 25.3 was found at 15 cm. At 5.0 bars of negative pres

sure, the maximum CV of 26.2 was found at 60 cm, whereas a minimum CV 

of 21.1 was found at the 15-cm depth. For all values of volumetric 

water content, it is noted that the amount of water decreased from 

34.90 at 0.1 bar to 11.61 at 5.0 bar pressure. Values are similar to 

those found by Coelho (1974). Figure 5 shows a very good approach to 

normal distribution for the values of water content at 0.1, 1.0, and 

5.0 bars of negative pressure. 

5-0 BARS 

T i i i i i i i i i i i • i i i i i i i i i i i i i i r 
IS 20 25 30 35 *0 45 50 95 2 t 10 14 II 23 2« 10 34 3i 1 5 7 9 11 13 15 17 19 21 

RANCE 

Figure 5. Frequency histogram for soil moisture content at 0.1, 
1.0, and 5.0 bars tension 
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Figure 6 shows that the soil moisture release curves for the 

five depths are similar in shape, but the amount of water retained at 

different tensions is different for each depth. At 0.1 and 1.0 bar 

the maximum value of water retained, 34.99 and 20.49, respectively, 

occurred at the 60-cm depth. The maximum amount of water retained at 

5 bars tension was found at the 90-cm depth, coinciding with the high 

value of clay at this depth. 

15-ca depth 

30-ca depth 

60-ca depth 

90-cm depth 

120-ca depth 

ben 

Figure 6. Moisture release curve at five depths over 28 

locations 
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100 -

90 -

80 -

ol 2 

Figure 7. Coefficients of variation summary for various physi

cal and chemical parameters using all values 
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Correlation Coefficients between 

Measured Parameters 

To define how closely two variables are related and if such 

relationship is real or due to chance, coefficients of correlation 

were used to evaluate the relationship between two or more variables. 

A matrix of Pearson correlations was calculated for all param

eters considered. Values are shown in Table 11. Although the corre

lations were primarily based on the nine transect locations, they were 

useful in identifying relationed variables. 

Correlation coefficients between percentage of sand and bulk 

density, k, log k, pH, ECg, saturation percentage, and 0.1, 1.0, and 

5.0 bars of water retention were correlated by depth and their values 

are presented in Table.12. Sand content shows significant negative 

correlations with water retention at all depths except 15 cm, indicating 

that as the amount of sand increases, the amount of water retention 

decreases. Using all values, the coefficients of correlation are highly 

significant. High negative significance was found in the coefficients 

of correlation between sand percentage and percentage of saturation at 

depths of 60 and 90 cm. Significant positive correlation was found for 

all values between sand and saturated hydraulic conductivity and the 

log of k. Coelho (1978) also found that the percentage of sand was 

positive and highly significantly correlated with k and bulk density 

using overall depth. No significance was found in the comparison of 

percentage of sand with pH and ECe. 

Values for the coefficients of correlation between percentage 

of silt and bulk density, k, log of k, pH, ECe, and 0.1, 1.0, and 



Table 11. Summary statistics and correlation coefficients for properties co 

Mean SD CV Sand Silt Clay BD k pH 

Sand %a 61.9 9.926 16.0 1 

Silt %3 20.31 5.900 29.2 -.877** 1 

Clay %a 17.80 5.400 30.2 -.846** .495** 1 

BD (g/cm)a 1.54 0.117 7.6 .090 -.136 -.028 1 

k (cm/h)a 7.71 6.532 84.7 .325* -.220 -.376 -.399** 1 

b i 
pH 7.40 0.140 1.9 -.118 .071 .119 .125 -.010 1 

EC (dS/m)b 1.74 0.638 36.7 .188 -.223 -.109 .030 -.005 -.31 
e 

b 
Saturation % 30.00 4.951 16.5 -.735** .613** .688** -.123 -.174 .13 

fa 41.80 4.386 20.5 -.089 .139 .023 -.999** .398** -.12 

0.1 bar3 

<<cm3/cm3) x 100) 34"90 7"643 21-9 "-718** .661** .592** -.147 -.227 .12 

1.0 bar*3 

<<cm3/cn,3) x 100) 16"80 5'364 31"9 "-737** •««" -228 -167 "134 "-31 

Ucn,3/cm3) x 100) U"61 3"604 31"° --822** -750** -705" --204 "-223 -09 

a 
Log k 

(log (cm/h)) 

Seed Cotton0 

(kg/ha) 

c 
Lint Cotton 

(kg/ha) 

-0.676 0.506 74.8 .389** -.252 -.458** -.463** .879** -.06 

4738. 373.3 7.8 -.493** .269 .623** -.092 -.482** .10 

1795. 137.6 7.7 -.488** .365 .620** -.017 -.481** .10 

•Significant at 0.05 level 

**Significant at 0.01 level 

a. Values obtained from the nine transect locations sampled (45 values) 

b. Values obtained from the 28 locations sampled (140 values) 

c. Yield values for the 28 locations considered (28 values) 
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its for properties considered for all values 

Correlation Coefficients 

0.1 1.0 5.0 Log Seed Lint 

BD k pH ECe Sat. % f Bar Bar Bar k Cotton Cotton 

-.399** 1 

.125 -.010 1 

.030 -.005 -.310* 1 

-.123 -.174 .133 -.379* 1 

-.999** .398** -.125 -.033 -.127 1 

-.147 -.227 .125 -.397** .717** .148 1 

-.167 .134 -.317* .798** .226 .226 .697** 1 

-.204 -.223 .091 -.365** .848** .204 -738** .859** 1 

.879** -.066 .135 -.322* .462** -.319* -.243 -.342 1 

-.482** .108 -.210 .409** .077 -593** .338* .386* -.462 1 

-.017 -.481** .104 -.198 .398** .015 .591** .337* .387** -.461 .999* 1 

-.463* 

.092 

'alues) 





Table 12. Correlation coefficients between sand and bulk density, k, log k, pH, EC , 

saturation percentage, and 0.1, 1.0, and 5.0 bar water retention at five depths 

Soil „„ Bar Moisture Retention 
EC 

Depth BD k Log k e Saturation 

(cm) (g/cm) (cm/h) (log (cm/h)) pH (dS/m) Percentage 0.1 1.0 5.0 

15 .245 .197 .088 .0871 .309 -.261 -.601 .082 -.399 

30 .572 .249 .169 -.3845 -.582 -.143 -.722* -.270 -.680* 

60 .527 .325 .092 .1991 -.133 -.812** -.789* -.676* -.764 

90 -.005 .262 .486 .2143 -.371 -.910** -.718* -.948** -.921** 

120 -.275 .390 .522 -.1758 .275 -.724** -.474 -.693* -.791* 

All 

Values 
.090 .325* .389** -.118 .188 -.735** -.718** -.737** -.822** 

* Significant at 0.05 level 

** Significant at 0.01 level 
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5.0 bars of water retention are shown in Table 13. The correlation 

coefficients between percentage of silt and the three different nega

tive pressures of water retention and saturation percentage were sig

nificantly and positively correlated at depths of 60 and 90 cm. Corre

lation coefficients in the table indicate no significant relationship 

between percentage of silt and bulk density, k, log of k, pH, and ECg 

at the five depths. Results indicate that the percentage of silt is 

highly significantly correlated with the saturation percentage. 

Highly significant coefficients of correlation values were found for 

0.1, 1.0, and 5.0 bars of water retention at combined depths. 

Values for coefficients of correlation between percentage of 

clay, bulk density, k, log of k, pH, saturation percentage, and 0.1, 

1.0, and 5.0 bars of water retention are shown in Table 14. There is 

no significance for the correlation coefficients between percentage of 

clay and bulk density, saturated hydraulic conductivity, log k, pH, and 

EC for all values. Percentage of clay is highly significant correlated 
e 

with log k, saturation percentage, and the three negative pressures, 

considered, using all values. Significant correlation coefficients 

were found between clay and 5.0 bars of negative pressure at all depths 

with exception of 15 cm. 

Values of coefficients of correlation between bulk density and 

k, log k, pH, ECe, and 0.1, 1.0, and 5.0 bars of water retention are 

shown in Table 15. It is noted bulk density is significantly corre

lated with k at 90 and 120 cm and for all values. Also, bulk density 

is highly correlated with percentage of saturation at the 60-cm depth. 



Table 13. Correlation coefficients between silt and bulk density, k, log k, pH, EC , 
saturation percentage, and 0.1, 1.0, and 5.0 bar water retention at five depths 

Soil 
Depth BD Log k 

EC 
Saturation 

Bar Moisture Retention Soil 
Depth BD k Log k e Saturation 

(cm) (g/cm) (cm/h) (log (cm/h)) PH (dS/m) Percentage 0.1 1.0 5.0 

15 -.196 .380 .480 .480 -.088 .060 -.075 -.532 .295 

30 -.522 -.164 -.102 . 228 .121 -.304 .388 . 150 .057 

60 -.640 -.328 -.116 -.247 .056 .851** .751* .707* .819** 

90 .137 -.064 -.332 -.443 .215 .753* .621* .798** .855** 

120 .289 -.405 -.398 .199 -.432 .598 .580 .542 .614 

All 
Values 

-.136 -.220 -.252 .070 -.223 .623** .661** .673** .750** 

* Significant at 0.05 level 

** Significant at 0.01 level 



Table 14. Correlation coefficients between clay and bulk density, k, log k, pH, EC , 

saturation percentage, and 0.1, 1.0, and 5.0 bar water retention at five depths 

Soil __ Bar Moisture Retention 

Depth BD k Log k e Saturation 
(cm) (g/cm) (cm/h) (log (cm/h)) pH (dS/m) Percentage 0.1 1.0 5.0 

15 .079 -.476 -.461 -.266 -.278 .194 .612 .336 .139 

30 -.285 -.187 -.131 .313 .275 .742* .625 .230 .895** 

60 -.403 -.434 -.224 -.267 .275 .742* .795* .613 .690* 

90 -.159 -.403 -.484 .148 .421 .750* .435 .756* .668* 

120 .224 -.323 -.542 .133 -.115 .717* .325 .709* .732* 

All 

Values 
-.028 -.376* -.458** .119 -.109 .688** .592** .631** .705** 

* Significant at 0.05 level 

** Significant at 0.01 level 



Table 15. Correlation coefficients between bulk density and k, log k, pH, ECe, 

saturation percentage, yield, and 0.1, 1.0, and 5.0 bar water retention at five depths 

Soil Bar Moisture Retention 

Depth k Log k e Saturation 

(cm) (cm/h) (log (cm/h)) pH (dS/m) Percentage 0.1 1.0 5.0 

15 -.505 -.505 -.289 .295 -.403 -.119 -.158 -.495 

30 -.134 -.064 .002 -.461 -.062 -.243 .035 -.370 

60 .207 -.086 .606 .046 -.884** -.571 -.792* -.775* 

90 -.695** -.766* -.011 -.622 .014 .180 -.232 -.100 

120 -.699* -.592 -.018 .286 -.201 -.388 -.293 -.172 

All 

Values 
-.399** -.463** -.125 .030 -.123 -.147 -.228 -.204 

* Significant at 0.05 level 

** Significant at 0.01 level 



At the same depth, bulk density is significantly correlated with 1.0 

and 5.0 bars of moisture retention. Using all values, bulk density is 

highly correlated with k and log k, and is significantly correlated 

with EC: . e 

Table 16 shows the coefficients of correlation resulting from 

linear regression for log k, 0.1, 1.0, and 5.0 bars of water retention 

using all values, indicating useful relationships between the different 

parameters. It is noted that the coefficients of correlation increase 

as the number of independent variables are increased. For log k, 0.1, 

1.0, and 5.0 bars of water retention, highly significant correlation 

coefficients were found for simple and multiple linear correlations. 

Estimated values for log k and volumetric water content at 0.1, 1.0, 

and 5.0 bars could be estimated using the regression equations shown 

in Table 16. 

Values of yield expressed as seed cotton in kg/ha were corre

lated at combined depths with selected factors based on information of 

Table 11. Combined depth is the average of the five values obtained by 

depth for a variable at each location. Equations and values for the 

coefficients of correlation are shown in Table 17. A significant cor

relation was found between yield and the water retained at 0.1 bar. A 

higher correlation of 0.877 was found between yield and 0.1 bar, k, and 

percentage of clay. When percent sand is added as a new independent 

factor to the multiple linear regression, the coefficient of correlation 

shows only a slight increase from 0.877 to 0.878. 



Table 16. Multiple regression results for log k and 

water retained at 0.1, 1.0, and 5.0 bars using all values for the 

nine transect locations 

Log k (cm/h) 

Log k = 3.747 -1.992 (bulk density) (R = -0.460**) 

Log k = 4.623 - 0.04427 (clay) - 2.048 (bulk density) (R = 0.660**) 

Log k = 4.816 - 0.00956 (silt) - 0.03909 (clay) 

- 2.107 (bulk density) (R = 0.667**) 

3 3 
Water Retained at 0.1 Bar ((cm /cm ) x 100) 

0.1 bar = 17.58 + 0.8526 (silt) (R = 0.661**) 

0.1 bar = 13.27 + 0.692 (silt) + 0.4970 (clay) (R = 0 . 7 2 8 * * )  

0.1 bar = 20.60 + 0.6142 (silt) + 0.523 (clay) (R = 0.731**) 

- 4.679 (bulk density) 

3 3 
Water Retained at 1.0 Bar ((cm /cm ) x 100) 

1.0 bar = 4.438 + 0.6089 (silt) (R = 0.673**) 

1.0 bar = 1.027 + 0.4323 (silt) + 0.4009 (clay) (R = 0.770**) 

- 7.983 (bulk density) 

3 3 
Water Retained at 5.0 Bars ((cm /cm ) x 100) 

5.0 bars = 2.348 + 0.4560 (silt) (R = 0.750**) 

5.0 bars = -0.2243 + 32.29 (silt) + 0.2963 (clay) (R = 0.843**) 

5.0 bars = 5.719 + 0.3108 (silt) + 0.3006 (clay) (R = 0.886**) 

- 3.746 (bulk density) 

* Significant at 0.05 level 

** Significant at 0.01 level 
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Table 17. Multiple regression results for yield (seed cotton 

in kg/ha) using combined depth for the nine transect locations 

Yield = 3,074 + 15.5 (0.1 bar) (R = 0.760*) 

Yield = 3,716 + 37.25 (0.1 bar) - 34.94 (k) (R = 0.862** 

Yield = 3,599 + 

+ 24.42 

29.68 (0.1 bar) - 25.64 

(clay) 

(k) 

<R = 0.877**) 

Yield = 4,060 + 

+ 23.29 

36.41 (0.1 bar) - 24.95 

(clay) - 2.936 (sand) 

(k) 
(R = 0.878**) 

* Significant at 0.05 level 

** Significant at 0.01 level 

Yield also was correlated by depth with pH, ECe> and 0.1, 1.0, 

and 5.0 bars of tension. The values for the coefficients of correla

tion are shown in Table 18. Yield is significantly correlated with 

ECg at the 15- and 30-cm depth. Yield also was significantly corre

lated with 0.1 bar at 30 and 90 cm and 1.0 bar at 60 and 120 cm. A 

high significance of correlation was found between yield and 5.0 bars 

tension at the 30- and 120-cm depths. 

The spatial variation with depth of the parameters studied is 

reflected by the number of samples required to estimate the mean within 
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Table 18. Coefficients of correlation between seed cotton 

(kg/ha) and ECg, 0.1, 1.0, and 5.0 bar water retention at each 

depth over 28 sites 

Soil. 

Depth 

(cm) PH 

EC 
e 

(mmhos/cm) 

Bar 

0.1 

Moisture Retention 

1.0 5.0 

15 .143 -.317* .083 .063 .306 

30 .2488 -.371* .363* .203 .374** 

60 -.099 .064 .242 .309* .280 

90 .213 .063 .445** .304 .219 

120 -.088 .105 .249 .326* .387** 

* Significant at 0.05 level 
** Significant at 0.01 level 

10% of the correct value at a 0.05 confidence level. Table 19 shows 

the values for 12 measured parameters at five different depths. It is 

noted that the number of samples for k increased with depth. To find a 

good approximate mean for k at the 120-cm depth, 400 samples are 

required, whereas 35 samples are required at the 15-cm depth. Just one 

sample at each depth is required to find a satisfactory pH mean at the 

0.05 level of confidence. Between the textural groups, the percentage 

of clay requires the highest number of samples to find an approximate 

mean at 120 cm, whereas 11 samples are required at the 30-cm depth. 

For bulk density, only two samples are required to find the 

mean with confidence at the 30-, 90-, and 120-cm depths, whereas for 

the other two depths just one sample is required. 
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Table 19. Number of samples required to estimate the mean 

within 10% at 0.05 level of significance for 12 measured parameters 

Soil Depth (cm) 

Measured 

Parameter 15 30 60 90 120 

Sand (%) 1 3 14 7 7 

Silt (%) 7 19 29 22 14 

Clay (%) 17 25 19 16 28 

k (cm/h) 35 174 201 255 400 

B D  ( g / c m 3 )  1  2  1  2 . 2  

ECe (dS/m) 28 24 31 25 59 

% Saturation 4 5 5 4 4 

p H  1 1 1 1  1  

0.1 bar 6 11 13 12 15 

1.0 bar 19 23 23 20 19 

5.0 bar 12 16 19 16 17 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Particle-size analyses indicate a slight tendency for the per

centage of sand to decrease with depth, whereas the percentage of clay 

tends to increase. The values for the coefficients of variation (CV) 

for textural groups range from 4.7 to 32.7. Sand content showed the 

highest CV of 32.7 at the 60-cm depth. Over all depths, this soil is 

classified as a sandy loam. Significant F values showed the hteroge-

neity of the field with respect to percentage of sand. No significance 

was found for percentages of silt and clay. 

Saturated hydraulic conductivity (k) is the parameter that 

showed the maximum CV in a range of 36.1 to 126.1 corresponding to the 

15- and 120-cm depths, respectively (Figure 7). The minimum CV within 

this field was for pH. The number of samples required to estimate the 

mean within 10% at 0.05 significance level show a total of 420 samples 

for k and 1 sample for bulk density at the 120-cm depth. The large 

number of samples required for k indicates the enormous variation of 

this parameter. The CV for bulk density shown in Table 6 indicates 

the smallest variation of the physical factors considered. 

Values for k for all depths are close to a normal distribution 

after logarithmic transformations. Log values of k were found to be 

normally distributed for 15-, 30-, and 60-cm depths. 
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Figure 6 shows the water release curve at different depths to 

be similar in shape but differing in the value for water content. Table 

8 shows an increasing tendency for the CV to increase as the moisture 

retention decreases. A similar relationship was found by Guma'a (1978). 

Sand percentage was found to correlate negatively with the 

water-holding retention capacity of the soil at all depths considered 

with the exception of 15 cm and highly correlated at the overall 

depth. Also, the percentage of sand was significantly correlated with 

k and saturation percentage. 

Values shown in Table 16 indicate that log k was found highly 

correlated with bulk density and percentage of clay (R = 0.660**) when 

percentage of silt is included as an additional independent variable, 

the coefficient of correlation remains almost the same (R = 0.667**). 

Moisture retention at 0.1 bar was well correlated with percentages of 

silt and clay simultaneously (R = 0.728**). A highly significant cor

relation was found between 5.0 bar water retention with percentages 

of silt and clay and bulk density (R = 0.880**). 

No relationship was found between yield and pH. Significant 

coefficients of correlation were found between yield and electrical 

conductivity at the 15- and 30-cm depths, indicating the enormous 

dependence of yield with this parameter at depths of zero to 30 cm. 

A highly significant relationship was found between yield and water 

retained at the 5.0 bars tension. 
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The results of this study led to the following conclusions: 

The degree of spatial variation measured by the CV showed that 

most of the parameters considered varied within the field at 

different depths. Such variation between parameters is also 

explained by the number of sample values needed to estimate 

mean within an acceptable limit. The CV in some cases was so 

high, as in the case of k, that to estimate a mean for this 

parameter within 10% of the real mean at 0.05 level of signif

icance, 400 samples are required. Most of the other estimates 

for number of samples required ranged from 1 to 59. The CV 

value for the different water-holding capacities showed a 

tendency to increase as the pressure increased. In other 

words, the CV for moisture retention increased as the moisture 

content decreased. 

The highly significant coefficients of correlation found 

between different parameters indicate the interrelationship 

between them. The linear regression equation found for some 

parameters would serve to estimate values for log k and the 

0.1,1.0, and 5.0 bar water retention (see Tables 16 and 17). 

This information can be extended to neighboring areas. 

Crop yield was highly correlated with 0.1 bar tension and k 

(R = 0.862**) and the combination 0.1 bar tension, k, and clay 

(R = 0.877*) using combined depth data. 
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This study did not provide a specific and immediate solution 

to the problem dealing with management practices, but it will serve 

as a useful guide to growers and researchers in deciding the adequacy 

of the irrigation system to be used, the amount of water to be applied, 

and what other practices might be introduced to modify some of the 

other physical and chemical properties. 

This thesis is intended to serve as a preliminary report of 

the study of spatial variability of some physical and chemical proper

ties at the Maricopa Agricultural Center. The author proposes an 

extension of this study, considering other parameters and neighboring 

area to achieve a better understanding of the problme. 
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APPENDIX A 

VALUES FOR EC , pH, SATURATION PERCENTAGE, AND 
0.1, 1.0, AND 5.0 BARS OF WATER RETENTION 

AT FIVE DEPTHS OVER 28 SITES 

„ EC „ ̂  Bar Moisture Retention 
Depth e Saturation 

(cm) (mmhos/cm) pH Percentage 0.1 1.0 5.0 

15 

30 

1.37 7.6 30.0 30.95 14.32 10.47 

4.00 7.2 23.0 25.29 11.40 7.70 

1.84 7.3 21.0 23.89 14.94 6.78 
2.38 7.2 30.0 33.73 12.01 6.62 

1.29 7.3 23.5 29.21 11.55 10.32 
2.29 7.3 26.0 33.47 16.17 10.01 

1.70 7.3 27.0 33.47 14.32 9.23 

1.84 7.2 22.5 29.19 12.47 7.24 

1.63 7.2 36.0 35.44 15.40 9.24 

2.22 7.2 26.0 25.98 18.23 12.90 

2.38 7.0 25.0 25.14 16.42 12.96 

2.02 7.2 25.5 28.44 14.73 10.79 

2.02 7.5 23.0 27.53 20.69 12.53 

1.21 7.5 24.5 22.42 12.91 8.00 

2.02 7.4 25.5 29.91 16.10 13.49 

1.93 7.4 26.0 25.21 13.60 9.98 

1.37 7.5 24.0 20.54 13.71 8.62 

1.42 7.4 25.0 30.67 14.71 12.26 
1.84 7.4 27.0 28.89 32.34 13.35 

1.52 7.3 25.0 19.68 16.89 11.74 

1.70 7.3 25.0 27.77 12.63 8.01 

1.35 7.5 24.0 27.45 13.01 11.19 

1.84 7.5 26.0 28.43 15.79 12.73 

1.01 7.4 31.5 27.54 12.20 6.62 

2.87 7.2 27.0 25.74 18.41 9.72 

1.42 7.2 28.0 19.34 18.31 10.84 

1.63 7.4 27.5 23.92 15.71 11.29 

2.74 7.4 25.0 25.95 13.34 11.47 

1.70 7.1 30.0 37.40 11.01 10.70 

1.37 7.4 26.0 27.20 18.14 8.06 

1.70 7.3 22.0 24.23 7.75 6.98 

1.93 7.1 26.0 35.50 13.80 9.00 

2.12 7.3 25.0 33.51 11.78 10.54 

1.52 7.1 30.0 34.63 11.32 10.23 

1.93 7.5 30.0 34.90 17.83 12.32 
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Appendix A.—Continued. 

_ .. EC _ . Bar Moisture Retention 
Depth e Saturation 

Site (cm) (mmhos/cm) pH Percentage 0.1 1.0 5.0 

108 30 2.2 7.5 27.0 39.91 13.49 9.86 
109 1.84 7.3 33.0 29.25 15.34 10.70 

1 1.63 7.4 31.5 41.43 26.33 16.56 

5 1.52 7.4 26.5 24.81 17.10 12.03 

7 •2.02 7.5 34.0 27.33 18.42 11.06 

14 1.70 7.4 32.0 35.64 23.02 13.37 

16 1.01 7.5 24.0 21.44 10.54 8.84 

27 2.12 7.4 25.5 21.35 14.69 11.82 
28 1.42 7.4 24.5 29.24 15.92 12.08 

38 1.37 7.5 25.0 31.67 14.73 9.68 

45 1.84 7.2 28.0 39.08 19.53 13.89 

69 1.52 7.4 35.0 34.17 28.63 17.94 

66 1.63 7.3 25.0 24.54 17.02 10.94 

68 2.70 7.2 30.0 33.48 15.04 11.01 

70 1.29 7.5 25.0 27.80 15.63 15.54 

73 2.38 7.4 25.0 24.72 16.43 13.71 

77 1.12 7.2 23.0 20.42 9.61 7.41 

78 2.54 7.2 35.0 28.71 17.46 11.81 

92 2.02 7.4 36.0 40.43 21.76 18.51 

93 1.84 7.3 29.0 37.06 19.92 14.60 

94 1.37 7.4 25.0 33.58 16.47 12.71 

101 60 1.21 7.3 37.0 40.49 25.72 17.56 

102 1.29 7.2 37.0 36.34 20.02 15.71 

103 1.21 .7.6 21.5 17.59 6.78 4.00 

104 1.93 7.6 35.0 46.54 22.33 14.63 

105 1.42 7.2 33.0 33.09 19.87 14.17 

106 1.30 7.5 35.0 46.01 23.10 18.02 

107 1.48 7.3 34.0 42.20 20.48 14.38 

108 1.37 7.3 34.5 32.69 19.40 12.43 

109 1.21 7.4 37.0 45.47 32.49 16.19 

1 1.70 7.6 25.0 48.96 30.35 10.20 

2 2.38 7.5 27.5 31.70 14.83 11.35 

7 1.42 7.4 34.0 30.42 17.91 12.53 

14 1.84 7.4 36.0 33.12 27.85 16.96 

16 2.02 7.3 23.0 17.76 8.79 6.93 

27 1.52 7.5 34.5 34.49 21.68 17.01 

28 1.42. 7.6 35.0 32.33 17.82 14.26 

38 3.70 7.2 29.0 32.56 15.42 14.63 

45 1.01 7.2 28.5 34.85 16.14 14.97 

69 1.52 7.5 34.0 36.77 28.30 18.58 

66 1.12 7.5 35.0 36.89 24.10 16.24 

68 1.29 7.5 35.0 40.93 22.35 15.90 

70 1.84 7.2 29.0 33.19 17.78 12.86 

73 1.37 7.4 36.0 30.42 16.72 13.00 

77 1.17 7.4 29.5 27.27 11.90 7.85 
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Appendix A.—Continued. 

.. _ EC _ ^ Bar Moisture Retention 
Depth e Saturation 

Site (cm) (mmhos/cm) pH Percentage 0.1 1.0 5.0 

78 60 1.84 7.3 33.5 30.41 18.42 11,41 

92 2.12 7.3 36.0 40.30 26.01 21.24 

93 1.52 7.4 29.0 39.45 22.68 12.03 

94 1.37 7.2 29.0 27.49 24.37 14.37 

101 90 1.48 7.3 36.0 42.23 24.33 17.14 

102 2.22 7.2 36.0 25.13 20.66 14.99 

103 1.01 7.3 23.0 22.60 7.04 5.98 

104 1.21 7.3 35.0 42.69 20.35 13.01 

105 1.12 7.3 35.0 40.62 19.28 17.90 

106 1.63 7.2 37.5 46.66 24.17 17.60 

107 1.25 7.5 35.5 36.42 20.50 12.36 

108 1.21 7.5 36.0 41.81 17.90 12.94 

109 1.80 7.3 30.0 34.94 20.04 13.31 

1 1.29 7.2 36.0 36.78 11.28 16.70 

5 2.87 7.1 27.0 30.08 14.17 8.95 

7 1.37 7.2 33.0 29.99 17.43 12.02 

14 1.21 7.5 33.0 34.56 24.19 15.55 

16 1.63 7.4 24.5 20.12 9.79 7.34 

27 1.12 7.4 37.5 23.28 19.10 16.68 

28 1.52 7.3 35.0 38.76 22.34 15.53 

38 2.54 7.4 36.0 34.58 18.82 12.09 

45 1.01 7.5 33.0 30.81 23.57 13.96 

69 1.52 7.4 32.0 41.80 29.31 18.20 

66 2.02 7.3 36.0 38.12 25.64 17.65 

68 1.52 7.2 27.0 31.32 14.99 11.50 

70 1.42 7.3 33.0 33.77 18.92 14.27 

73 1.21 7.4 35.0 27.48 16.72 13.12 

77 1.29 7.1 24.0 23.54 11.64 9.10 

78 1.29 7.4 34.0 26.42 14.72 11.70 

92 1.42 7.5 36.0 35.95 20.60 17.74 

93 2.02 7.5 34.5 39.65 16.56 9.56 

94 1.01 7.2 35.0 40.57 19.49 13.35 

101 120 1.01 7.5 33.0 48.62 16.10 11.27 

102 1.93 7.4 32.5 34.68 17.71 12.24 

103 3.26 7.3 23.0 20.93 7.41 4.67 

104 0.94 7.3 32.0 47.05 17.08 12.40 

105 1.21 7.7 35.0 29.78 15.13 12.88 

106 1.42 7.4 36.0 39.66 18.78 14.97 

107 1.48 7.4 37.0 43.10 23.02 13.51 

108 4.28 7.2 28.5 27.24 13.85 9.64 

109 1.52 7.3 34.0 35.72 19.64 12.56 

1 2.38 7.4 28.0 29.40 22.48 19.86 

5 3.26 7.7 29.0 20.85 16.60 11.93 

7 2.87 7.5 20.0 30.92 17.45 11.23 
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Appendix A.—Continued. 

_ .. EC _ . Bar Moisture Retention 
Depth e Saturation 

Site (cm) (iranhos/cm) pH Percentage 0.1 1.0 5.0 

14 
16 
27 
28 
38 

45 
69 

66 
68 
70 
73 

77 
78 

92 

93 

94 

120 1.37 
1.21 
1.52 
1.12 
1.12 
3.03 
1.39 

2.87 

2 . 0 2  
3.26 

2 . 0 2  
1.37 
1.12 
1.21 
2 . 0 2  
1.21 

7.3 
7.5 

7.7 
7.2 

7.6 

7.4 
7.5 

7.5 

7.5 
7.3 
7.5 

7.3 
7.7 

7.5 

7.3 

7.5 

28.5 
2 6 . 0  
30.0 
2 8 . 0  
27.0 
30.0 
34.5 

33.0 

29.0 
28.5 
31.0 

23.0 
31.0 
33.0 

34.0 

30.0 

33 .72 22 .98 13. 82 
26 .53 13 .20 9. ,02 

29 .57 22 .05 17. 41 
25 .48 16 .42 9. 60 

25 .60 13 .36 12. 40 

33 .55 11 .86 14. 77 

40 .33 27 .13 17. 40 

36 .28 26 .34 14. 44 

31 .72 15 .78 10. 63 

25 .81 13 .80 12. 98 

23 .47 14 .13 10. 42 

21 .46 12 .19 8. 52 
25 .18 17 .23 11. 71 

30 .12 22 .67 16. 43 

20 .75 23 .27 15. 57 

31 .46 20 .90 15. 50 
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101 
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103 

104 

105 
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108 
109 
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102 
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APPENDIX B 

VALUE FOR BULK DENSITY, k, PERCENTAGES OF SAND, SILT, 

AND CLAY, AND POROSITY AT FIVE DEPTHS ON 

9 SITES OVER THE TRANSECT 

Depth BD k Sand Silt Clay 

(cm) (g/cc) (cm/h) (%) (%) (%) Porosity 

15 1.46 11.70 69.75 19.98 10.26 44.9 

1.50 9.90 72.08 17.79 10.13 43.4 

1.52 13.30 73.64 14.81 11-55 42.6 

1.60 11.20 67.11 18.96 13.93 39.6 

1.47 13.00 66.70 20.44 12.86 44.5 

1.60 7.20 69.28 14.47 16.25 39.6 

1.43 7.00 63.02 15.50 21.48 46.0 

1.60 3.80 71.69 13.12 15.19 39.6 

1.41 15.10 70.57 14.24 15.19 46.8 

30 1.40 16.10 61.75 22.93 15.31 47.2 

1.56 6.50 68.62 23.29 7.99 41.1 

1.66 10.00 75.77 14.08 10.14 37.4 

1.60 0.70 69.28 16.60 14.12 39.6 

1.23 2.10 57.23 23.60 19.17 53.6 

1.66 2.50 69.28 14.47 16.25 37.4 

1.59 5.40 57.59 18.16 24.25 40.0 

1.53 3.40 58.49 22.13 19.39 42.3 

1.48 13.20 72.03 10.27 17.70 44.2 

60 1.45 7.20 45.26 35.09 19.64 45.3 

1.40 18.40 51.34 28.28 20.39 47.2 

1.73 21.50 82.40 8.71 8.89 34.7 

1.52 4.50 52.81 26.54 20.66 42.6 

1.48 1.90 77.03 14.22 13.75 44.2 

1.55 2.10 51.48 27.83 20.69 41.5 

1.59 5.20 47.63 25.06 27.31 40.0 

1.51 3.20 54.40 25.77 19.88 43.0 

1.41 11.30 53.77 25.57 20.66 46.8 

90 1.43 21.50 53.24 28.58 18.18 46.0 

1.45 6.80 54.48 22.40 23.12 45.3 

1.66 10.00 79.87 11.24 8.89 37.4 

1.68 0.70 52.81 27.36 19.83 36.6 

1.67 0.70 51.52 25.52 22.96 37.0 

1.69 0.40 47.63 29.14 23.23 36.2 

1.62 0.60 56.61 16.62 26.77 38.9 

1.50 3.60 60.50 19.06 20.43 43.4 

1.31 13.20 59.22 17.58 23.20 49.4 
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Appendix B.—Continued 

Depth BD k Sand Silt Clay 

Site (cm) (g/cc) (cm/h) (%) (%) (%) Porosity 

101 120 1.42 16.80 63.23 21.14 15.63 46.4 

102 1.45 25.80 67.18 15.14 17.68 45.3 

103 1.69 5.60 82.16 11.44 6.40 36.2 

104 1.70 5.40 55.07 26.81 18.12 35.8 

105 1.73 0.06 54.09 23.98 21.93 34.7 

106 1.63 0.70 57.29 19.73 22.98 38.5 

107 1.66 0.60 48.91 23.78 27.31 37.4 

108 1.69 5.40 53.13 22.16 24.71 36.2 

109 1.47 2.90 62.83 20.12 17.06 44.5 



APPENDIX C 

OBSERVED VALUE (n = 9) OF k (cm/h) AND 

CORRESPONDING STATISTICAL PARAMETERS AT 

FIVE DEPTHS OVER 9 TRANSECTS 

[log 100 X ] 

i (i - 0.5)/n 15 cm 30 cm 60 cm 90 cm 120 cm 

1 0.055 2.58 1.85 2.28 1.60 1.78 

2 0.167 2.85 2.32 2.32 1.78 1.78 

3 0.278 2.86 2.40 2.51 1.85 1.85 

4 0.389 3.00 2.53 2.65 1.85 2.46 

5 0.500 3.05 2.73 2.72 2.56 2.73 

6 0.611 3.07 2.81 2.86 2.83 2.73 

7 0.722 3.11 3.00 3.05 3.00 2.75 

8 0.833 3.16 3.12 3.26 3.12 3.23 

9 0.944 3.18 3.21 3.33 3.33 3.41 
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APPENDIX D 

OBSERVED VALUES (n = 45) OF k (cm/h) AND 

CORRESPONDING STATISTICAL PARAMETERS AT 

FIVE DEPTHS OVER 9 TRANSECTS 

i (V ). log [(100 x (V ). ] (i - 0.5)/n 
O 1 O X 

1 0.4 1.60 0.011 

2 0.6 1.78 0.033 

3 0.6 1.78 0.056 

4 0.6 1.78 0.078 

5 0.7 1.85 0.100 

6 0.7 1.85 0.122 

7 0.7 1.85 0.144 
a 0.7 1.85 0.167 

9 1.9 2.22 0.189 

10 2.1 2.32 0.211 

11 2.1 2.32 0.233 

12 2.5 2.40 0.256 

13 2.9 2.46 0.278 

14 3.2 2.51 0.300 

15 3.4 2.53 0.322 

16 3.6 2.56 0.344 

17 3.8 2.58 0.367 

18 4.5 2.65 0.389 

19 5.2 2.72 0.411 

20 5.4 2.73 0.433 

21 5.4 2.73 0.456 

22 5.4 2.73 0.478 

23 5.6 2.75 0.500 

24 6.5 2.81 0.522 

25 6.8 2.83 0.544 

26 7.0 2.85 0.567 

27 7.2 2.86 0.589 

28 7.2 2.80 0.611 

29 9.9 3.00 0.633 

30 10.0 3.00 0.656 

31 10.0 3.00 0.678 

32 11.2 3.05 0.700 

33 11.3 3.05 0.722 

34 11.7 3.07 0.744 

35 13.0 3.11 0,767 

36 13.2 3.12 0.789 
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Appendix D.—Continued 

i (V ). log[(100 x (V ).] (i - 0.5)/n 
o 1 o 1 

37 13.2 3.12 0.811 
38 14.3 3.16 0.833 

40 16.1 3.21 0.878 

41 16.8 3.23 0.900 

42 18.4 3.26 0.922 
43 21.5 3.33 0.944 

44 21.5 3.33 0.967 
45 25.8 3.41 0.989 

7.77 2.667 

aE 6.532 0.506 



APPENDIX E 

MEAN VALUES FOR FIVE DEPTHS OF ECe, 0.1 AND 

1.0 BAR WATER RETENTION OVER 28 SITES 

Site 

ECe 

(mmhos/cm) 

Bar Water 

Retention 
(cc/cc) 

0.1 1.0 

k 
(crn/h) 

Clay 
(%) 

Sand 
(%) 

Sat. 

% 

101 1.35 39.94 18.20 14.6 15.80 58.65 32.2 
102 1.06 29.73 17.58 13.5 15.86 62.74 30.9 

103 1.80 21.85 8.78 12.3 9.17 78.77 22.1 

104 1.68 40.90 17.11 4.5 17.33 59.12 31.6 

105 1.43 33.24 15.51 3.7 14.30 61.31 30.3 

106 1.63 40.09 18.68 2.6 19.88 58.99 32.9 

107 1.57 38.42 19.23 3.8 25.42 54.75 32.7 

108 2.16 32.35 15.42 3.9 19.90 59.64 29.7 

109 1.61 36.10 20.58 11.1 18.75 63.68 34.0 

1 1.64 36.51 21.73 

5 2.48 28.31 15.82 

7 1.94 29.42 17.19 

14 1.63 32.92 23.74 

16 1.42 21.65 10.84 

27 1.66 27.54 18.73 

28 1.48 30.20 17.22 

38 2.04 28.96 15.21 

45 1.66 33.70 17.16 

69 1.55 36.39 29.14 

66 1.83 31.10 22.00 

68 2.06 33.02 16.10 

70 1.84 29.60 15.83 

73 1.76 26.90 15.96 

77 0.23 24.04 11.51 
78 1.93 27.29 16.36 

92 1.64 33.23 21.89 

93 1.81 32.16 19.63 

94 1.54 31.70 18.91 

58 



APPENDIX F 

MEAN VALUES FOR THE YIELD EXPRESSED AS SEED COTTON 
AND LINT IN kg/ha OVER 28 SITES AND 

THEIR CORRESPONDING COORDINATES 

Seed Seed 
Axis X Axis Y Cotton Lint 

Site (m) (m) (kg/ha) (kg/ha) 

101 17 13 4,834 1,831 

102 17 36 4,053 1,568 

103 17 59 4,114 1,563 

104 17 84 4,883 1,843 

105 17 107 4,932 1,868 

106 17 132 4,858 1,843 

107 17 157 5,237 1,978 

108 17 182 4,908 1,856 

109 17 207 4,822 1,831 

1 1 63 4,773 1,807 

5 2 186 5,225 1,978 

7 3 193 4,236 1,599 

14 4 218 5,640 2,136 

16 5 32 4,798 1,819 

27 11 159 4,566 1.734 

28 11 94 4,151 1,575 

38 15 203 4,334 1,636 
45 17 21 4,798 1,819 

69 26 138 4,834 1,831 
66 25 114 4,700 1,782 

68 26 89 3,797 1,441 

70 26 237 5,579 2,112 

73 27 58 4,126 1,563 
77 28 4 4,187 1,587 

78 28 220 2,182 2,100 

92 33 138 5,457 2,063 

93 33 133 5,530 2,087 

94 33 232 5,131 1,941 
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