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ABSTRACT

The current study aims to determine the soil penetration resistance of some
Vertisols as well as to study the main contributing soil factors. Investigation of
undisturced sci samples, of eighteen profiles represent the Vertisols in E%ypt,
showed that the soil penetration resistance ranges between 11.3 and 45.6 N/cm®, as
affected by different soil constituents and characteristics. The monovariant analysis
reveals that clay content, water stable aggregates, total carbonates and organic
matter contents are positively correlated with the soil penetration resistance.
Whereas, the total soluble salts is negatively and non-significantly correlated to soil
penetration resistance. However, none of the simple linear regression equations could
represent this relationship or predict soil resistance values for given values of the soil
factors. The multivariate analysis results in very highly significant multiple linear
regression equation with high correlation coefficient, meaning that the computed
equation could represent the relationship between soil penetration resistance and soil
constituents and characteristics under consideration. The partial correlation analysis
shows that water stable aggregates, clay content and total carbonates are the most
effective soil factors on the soil penetration resistance and are followed by organic
matter content and total soluble salts. As a conclusion, the soil penetration resistance
is not a function of one soil factor but several factors.
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INTRODUCTION

Vertisols are soils that have specific morphological features by which
they could be easily recognized in the field. Other soil characteristics, which
could be measured in the laboratory, are indicators to identify this type of soil.
The Vertisols are, generally, the soils having, after the upper mixed 20-cm, 30
% or more clay in all horizons to depths of at least 50 cm. Such soils develop
cracks from the surface dcwnward which at some period in most years
(unless the soil is irrigated) are at least 1 cm wide to a depth of 50 cm.
Vertisols have one or more of the following: gilgai microrelief, intersecting
slickensides, or wedge-shaped or parallelepiped structural aggregates at
some depth between 25 and 100 cm from surface. These are dark coloured
soils having uniform fine or very fine texture and a low content of organic
matter, but perhaps their most important property is the dominance in the clay
fraction of expanding lattice clay usually montmorillonite which causes these
soils to swell upon wetting and shrink as well as crack upon drying, (Soil
Survey Staff, 1999).

Penetrometer pressure of any soil expressed as penetration
resistance is an important indicator of the mechanical stress experienced by
plant roots growing in that soil, (Greacen et al, 1968; Eavis and Payne, 1969
and Whiteley et al, 1981). Ghazy et a/ (1986), stated that maximum vertical
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resistance occurred in the subsurface layers. The statistical analyses reveal
that resistivity was inversely related to sand content, total porosity and
moisture content. However, a strong positive relationship between resistivity
and both clay and bulk density has been established. The values of path
coefficients reveal that the highest direct effect on resistivity is related to bulk
density, while the indirect one to total porosity and moisture content. El-
Badawi (2000), stated that bulk density and infiltration rate did not show any
significant relationship with compaction as a result of soil resistivity. He added
that, this might be due to the unique behaviour of Verisols. Grant and Lafond
(1993), concluded that penetration resistance and bulk density of a heavy
clay soil increased with depth under all sequence and management systems.
Misra (1989), found that the maximum penetrometer pressure increased with
growing size of aggregate, aggregate confinement and decrease in the water
pctential to which aggregates were dried. El Araby ef a/ (1986), in their study
on some heavy clay soils, concluded that penetration resistance increased
with soil depth. Fathi et af (1976), found that the pedality of the non-saline
and non-atkali alluvial soils of Egypt is affected mainly by the amount of clay
and partly by the management processes.

The object of the current study is to determine the soil penetration
resistance of some Vertisols. It is also aiming at studying the effective soil
factors contributing in penetration resistance of the investigated soils.

MATERIALS AND METHODS

A number of eighteen soil profiles, representing some Vertisols in
Egypt (Fig. 1), have been selected to perform the current study. These
profiles were morphologically investigated according to FAO guidelines
(1990). Disturbed and undisturbed soil samples representing each layer of
the examined profiles were collected for laboratory analyses. The disturbed
soil samples were air dried and then sieved from 2-mm sieve. They were
undergone for some routine physical and chemical analyses. Particle size
distribution was conducted using the International Pipette Method according
to Gee and Bauder (1986). The water stable aggregates were determined
using wet sieving technique described by Kemper and Rosenau (1986). Total
soluble salts were measured using the electrical conductivity meter,
(Rhoades, 1982). Total carbonates were estimated as carbon dioxide gas
volume using Scheiblers Calcimeter and calculated as caicium carbonates,
(Nelson, 1982). Organic matter content was determined by Walkely and
Black rapid titration method, (Black et al, 1982). While triplicate undisturbed
soil specimens were sampled in metal cores (4.9 x 5.0 cm) for each layer to
measure the mechanical resistance. Penetration resistance, as an expression
of soil compactness was determined by compact type penetrometer,
(Callebaut, 1985). The soil penetration resistance was measured under
constant soil moisture potential and expressed as Newton/cm? (N/cm?).
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Fig. (1): Location map of the studied soil profiles.

RESULTS AND DISCUSSIONS

Soil analyses

The soil characteristics, which are selected for the current study to be
investigated as factors affecting soil resistance, are clay content, water stable
aggregates, total soluble salts, organic matter and calcium carbonate content.
Table 1 shows the results of these measured soil characteristics and the
corresponding soil penetration resistance.
The analysis of Vertisols as represented by the studied soil profiles showed
that the soil penetration resistance ranges between 11.3 and 45.6 N/cm?, as
affected by different soil constituents and characteristics. The soils of the
investigated profiles could be identified as heavy clayey soils, where the clay
contents are amounted to 47.3 and 70.6 %. The percentages of total
carbonates are fluctuating from 0.54 to 13.90 % and the organic matter
content varies from 0.29 to 2.03 %. The studied soils are found to be non- to
moderately saline, where electrical conductivity of their saturated soil paste
extracts is ranging between 0.56 and 7.80 dS/m. Water stable aggregates of
the soils under consideration are ranging between 29.4 and 47.6 %.

Statistical analysis
Monovariant approach

The results of the monovariant analysis are shown in table 2. The
simple linear regression analysis reveals that clay content, water stable
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aggregates, total carbonates and organic matter contents are paositively
correlated with the soil penetration resistance. These results are in
agreement with those of ElI Tony (1982). He found that water stable
aggregates was positively correlated with the content of clay and organic
matter of the alluvial soils in the Nile Delta. Although, in the current study it is
found that water stable aggregates and total carbonates are the only soil
characteristic and constituent which are significantly correlated with soil
penetration resistance. On the other hand, itis found that the total soluble
salts is negatively and non-significantly correlated to soil penetration
resistance. However, none of these equations could represent this
relationship or predict soil penetration resistance values for given vaiues of
the soil factors. As a rule, predicting values of one variable from values of
another will result in unreliable predicted figures unless the correlation
coefficient is high, where in the current case only the values of water stable
aggregates can be used. The error of the predicted values may arise out of
the fact that there are other sources of influence on the dependent variabie.

Multivariate approach

One of the ways to reduce the predicting error in regression analysis
is to identify and analyze the influence of more than one independent variable
on the dependent variable. Therefore, the multivariate analysis was applied,
where the multiple linear regression equation was computed. The equation
reads:

Soil penetration resistance (SPR) in N/cm?
= — 21.8433 - 1.1208*OM + 2.3192*WSA + 0.6744*Cal + 0.2886*EC -
0.7777*Cl
Correlation coefficient (r) = 0.9181
Significant level of the regression equation is very high (***).
Significant levels of the equation's components are as follows:
OM ** WSA *** Cal *** EC *, Cl ***,

The equation is very highly significant and has high correlation
coefficient, meaning that the computed equation could represent the
relationship between soil resistance and soil constituents and characteristics
under consideration. The multiple linear regression analysis, shows that
water stable aggregates, total carbonates and total soluble salts, are
positively correlated with the soil resistance. However, organic matter content
and clay contents are negatively correlated with soil resistance. This means
that soil resistance increases with the decrease of clay content, which is in
contrary with the literature. The possible explanation is that the single
dispersed clay particles content (as they are determined in the particle size
distribution analysis conducted using the International Pipette Method) has a
negative relationship with the soil resistance. On the other hand, the
relationship between the organic matter content and soil resistance may be in
need for more investigations. These relations may be due to the interaction
between the different soil factors taken into consideration in the performed
equation.
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Table (1): Soil penetration resistance and related soil characteristics.

Soil Soil Total Total
. Layer No.&pen.etration Clay Vater stablécarbonateg soluble Organic
Profile Location | Depth in resistance cl aggregate as salts matter

p sPr) | €V [Twsa) | caco, (OM)

N cm . %o o, o, (EC) o,
0. n %o %o dS/m %a

N/ cm?

(-20) 22.40 66.00 41.10 327 0.56 1.91

1 El-Menofia P {20-50) 26.20 67.00 43.00 3.02 0.65 1.61
B (50-100) 27.70 70.00 44.30 3.26 1.69 1.33

(0-20) 27.20 59.00 40.70 3.54 0.59 1.84

2 Zi-Gharbia P (20-40) 26.00 62.00 40.80 422 065 1.39
B {40-100) 18.30 6100 36.90 450 0.69 1.08

(0-25) 11.30 51.85 35.60 3.08 0.58 1.76

3 El-Gharbia 2 (25-65) 15.10 55.00 35.80 246 0.66 1.35
B (65-110) 24.00 59 50 3870 2.64 095 1.02

(0-20) 23.30 4730 33.90 7.39 1.13 1.80

4 Fi-Fayoum  p (20-50) 25.70 53.60 36.50 8.75 124 1.47
i B (50-100) 36 40 60.40 43 50 7.62 1.06 1.03

! (0-40) 29.80 52.70 38.10 8.75 1.15 1.77

5  ElFayoum b (40-80) 2820 51.70 36.50 10.50 1.05 1.62
: B (80-120) 31.50 50.20 36.50 12.50 1.00 0.90
(0-20} 23.40 52.00 35.60 7.17 1.19 1.85

6 E-Giza P (30-60) 24.40 56.20 37.60 564 1.68 1.33
3 (60-100) 24.50 56.70 38.20 3.85 1.50 1.10

{0-30) 31.10 51.95 38.40 5.89 3.83 173

7 EiGiza b (30-60) 19.30 53.84 38.00 2.05 1.54 1.12
B (60-100) 18.00 56.63 36.70 2.15 1.66 0.90

(0-30) 16.60 55.40 35.30 218 1.30 1.97

8  El-Giza P (30-60) 20.30 58.80 37.50 2.92 1.99 1.44
B (60-100 29.00 59.00 41.50 1.58 1.54 0.92

(0-30) 22.00 49.50 34.90 1.60 5.00 1.02

9 Fi-Qalubia © (30-60) 22.40 53.10 36.10 2.32 2.00 0.29
B (60-100) 13.00 52.60 31.30 280 6.50 0.59

(0-20) 23.80 52.00 37.30 2.20 108 2.03

10 El-Qalubia 2 (20-70) 20.40 55.60 36.20 2.80 4.40 1.45
B (70-120 22.20 53.00 36.10 1.20 4.80 058

(0-40) 39.00 49.70 39.80 760 6.90 1.70

11 Ei-Qalubia (40-79) 23.50 51.30 31.10 13.90 7.80 0.80
(70-100) 21.20 52 30 35.00 13.90 5.40 0.70

(0-40) 45 60 49.70 42.70 6.40 1.10 1.91

12 ElCalubia P (40-70) 23.90 48.30 33.40 5.80 0.78 136
B (70-120) 17.30 4960 | 29.40 4.92 0.98 0.83

[ (0-20) 28 10 5567 39.60 362 300 1.92
13 El-Qalubia P (20-70) 34.00 55 60 40.70 4.90 0.60 1.61
(70-120 2050 58.10 37.10 6.15 0.64 1.60

(0-40) 24.50 63.30 4180 0.54 0.77 1.74

14 Ei.Qaiubia p (40-80) 33.90 70.60 47.60 0.99 0.88 0.62
(80-120) 1830 66.50 39.50 0.99 0.93 0.59

(0-20) 21.70 54.50 36.30 5.15 0.85 1.78

15  El-Qaivbra 2 (20-70) 20.70 51.40 34.50 6.05 058 161
70-120) 21.70 50 40 34 30 535 089 060
Kafr (0-20) 21.40 52.00 35.90 267 2.19 182
16 Flghasn ¢ (20-45) 24.50 52.90 36.80 408 2.86 1.30
B (45-90) 20.90 63 90 39.20 3.35 1.37 1.02
Kafr (0-40) 19.10 54.20 36.30 275 2.12 1.85
17 Elchaikn B (40-70) 21.10 62.00 38.50 2.03 3.35 1.14
i (70-110) 19.60 64.00 37.10 1.98 1.31 0.94
katr (0-40) 287 55.30 39.00 7.10 1.55 1.94
18 Elchaikn P (40-70) 21.9 56.00 36.10 7.62 1.27 1.72
il (70-120) 268 57 50 39.30 5.09 135 1.45
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Table (2): Simple linear regression equations, correlation coefficient (r)
and significant level (s).

Regression equations r s {
R=23.54 + 0.01*Cl 0.0091 ns
R=-18.98 + 1.14"WSA 0.6116 i
[R=2112 + 0.63"Cal 0.3180 -
R=24.13 - 0.016"EC 0.0044 ns
R=20.44 +2.71*CM 0.1998 ns j

Table 3 contains the partial correlation coefficients of different soil
factors, which are inciuded in the muitiple linear regression equation. The
partial correlation analysis determines the contribution and effectiveness of
each factor, which is included in the multiple linear regression equation. The
data in table 3 reveal that the most effective soil factors upon soil resistance
are water stable aggregates where the partial correlation coefficient is
0.9004, and total carbonates, where its partial correlation coefficient is
0.6051. They are followed by the total soluble salts where its partial
correlation coefficient is 0.1769. While, the clay content is negatively
correlated (-0.7361) and organic matter content (-0.1811). It could be stated,
according to the partial correlation analysis, that water stable aggregates,
clay content and total carbonates are the most effective soil factors on the
soil resistance or in other words the soil compaction, and are followed by
organic matter content and total soluble salts.

Table (3): Partial correlation coefficient of different soil factors.

Partial correlation coefficient
| OM [ WSA [CaCO,| EC | Cl
[-0.1811] 0.9004 | 0.6051 | 0.1769 | -0.7361 |

As a conclusion of the obtained results, the penetration resistance of
the soil is not a function of one soil factor but several factors that are
interacting in this important quality. 1t is worthy to take into consideration the
type of cropping pattern and the associated agricultural practices prevailing in
any specific soil when assessment of penetration resistance, particularly in
the heavy clay soils. The growth and distribution of plant roots, either shallow
or deep type, are limited by the mechanical stress of the soil which can be
predicted by the values of the penetration resistance.
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