8 Egypt. J. Soil Sci.44, No. 1, pp. 97 - 107 (2004)

Calcareous Soil Definition from the Hydraulic
and Physical Point of View

M.E. Shawky, S.B. El-Amir, H.M. Nasr, A.A. Wahdan* and M.A.
Bakry*

Soil Science Department, Faculty of Agriculture, Cairo University;
and* Soil , Water and Environment Research Institute, Cairo, Egypt.

ALCAREOUS soils are of a wide occurrence under arid and

semifarid climates, where the presence of CaCQ, are in
considerable amounts. These soils cover more than one million feddan
of agricultural soils and more than 30% of desert soil in Egypt.

One hundred and twenty soil samples were chosen from sixty soil
profiles representing a wide range of CaCQO; content and different
textural classes were chosen in this study. The total and active CaCQO,
content were d etermined. D ifferent p hysical and h ydraulic propertics
were determined including, bulk density, aggregates size distribution,
retention moisture characteristics, pore size distribution, infiltration
rate, and saiurated hydraulic conductivity.

A definition of the studied calcareous soils was found out. These
soils can be defined from the hydraulic and physical point of view as
the soils which contain more than 16, 15, and 16% total CaCO, content
or more than 5,4, and 6% active CaCO, content in their relation to
basic infiltration rate (BIR), saturated hydraulic conductivity (Ks) and
the soil moisture constants. Generally, these sotls can be also defined
as the soils which contain more than 14 — 7% total CaCO; ot 4 — 7%
active CaCO; in relation to the whole soil hydraulic properties.

Keywords: Calcareous soil, Total carbonate, Active carbonate , Basic
infiltration rate, Saturated hydraulic conductivity, Soil
moisture constants.

Many definitions of calcareous soils were proposed in the last years. These
definitions were mainiy depending on the chemical properties and the total
CaCO; content regardiess the active CaCQ; content and the physical and
hydraulic properties of these calcareous soils.

Meester (1973) mentioned that “calcareous™ i1s a general term for soil
containing CaCQO, “carbonatic™ is well defined and “Marl” 1s used in geology,
and the cement is used in indusiry for soft lime. According to the definition given
by Hilal et al. (1973), the soil with a CaCO; content of 8% or more should be
considered calcareous. The calcareous soils were defined by El-Gabaly (1973) as
the soils containing amounts of calcium carbonate which affect distinetly soil
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physical and chemical properties and other properties related to plant nutrients,
etc. Louay (1973) and Fitzpatric (1980) defined the calcareous soils as those soils
with high calcium carbonate content whose physical problems of land and water
use for crop production are primarily dominated by the high content of CaCO;
especially the active fraction. Rozanov et al. {1982), said that calcareous soils are
those having more than 5% (by weight) of free CaCO; in some horizons of
profile. On the other hand, Balba (1987), mentioned that the soils are considerd
calcareous when they contain more calcium carbonate under partial pressure for
CO; in the ambient air.

Negm et al. (1990); Gile er al. (1998); El-sersawy (1999) and Senei &
Mershedi (2000) found that, increasing active CaCO; content leads to a decrease
of infiltration rate and saturated hydraulic conductivity.

Talha et al. (1986); Nasr {(1989) and Mohamed & Awad (1998) found a highly
and negative correlation between soil moisture constants and each of total and active
CaCO; content in the calcareous soils. The main objectives of this study are:
1) studying the main properties of the calcarecus soils, (ii} studying the effect of
total and active CaCO5 content on the hydraulic properties, (iii) calculating some
equations that help in determining the quantitative relationship between CaCO; %
and the hydraulic properties and consequently defining the calcareous soils in
relation to these properties.

Material and Methods

Sixty soil profiles were chosen to represent a wide range of total and active
CaCO; content (2.5-75%) in the studied soils. These calcareous soils are
covering different texture classes {from sandy, to clayey soils). The collected
samples were subjected to the particle size analysis as described by Gee and
Bander (1986). The wet sieve analysis was performed and the water stable
agpregates were determined by a wet sieving devices as described by Kemper and
Rosenu (1986). Soil moisture desorption curve (PF), was determined using
undisturbed soil samples. The completely saturated soil cores samples were
exposed to constant levels of —10, -20, -33, -100, -300, -500 and —1500 KP,. The
attained water content percentage at each pressure was determined using the
presseure Cooker and membrane (Klute, 1986). The soil moisture constants, i.e.,
field capacity (FC), wilting percentage (WP) and available water capacity (AWC)
were determined on volume basis from the moisture retained at pressure of 0.1,
0.2 and 0.33 atm, for the light textured soils, moderately textured soils and heavy
textured soils, respectively, according to Massoud et al. {1971) and Talha et al.
{1986). The pore size distribution was calculated according to Deleenheer and
De-Boodt (1966). The saturated hydraulic conductivity (Ks) was determined with
constant head method at laboratory (Klute and Dricksen, 1986). The basic
infiltration rate (BIR) was measured using Double-ring infiltrometer as described
by Witum and Strazeuki (1972). The total CaCO, content was determined
gasiometerically as cited by Nelson (1982). The active CaCO; content was
determined as percentage of soil weight, according to Yallon (1957).
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Results and Discussion

Soil samples under investigations have different texture classes (clay, sandy
clay, clay loam, loamy, loamy sand, sandy loam and sandy soils). Data presented
in Table 1 show the range, mean and standard deviations (Sd) of the important
studied soil hydraulic and physical properties. These data show a wide variations
between the studied soil samples in their CaCO; content, physical properties and
hydraulic properties.

TABLE 1. The range, mean and standard deviation (Sd) for the main soil physical
properties of the soils under investigation.

Soil properties Range Mean Sd
BIR {cmvh) 3.18-31.98 13.66 7.72
Ks {(cm/h) 2.10--54.96 12.90 11.64
FC (%v/v) 9.10 - 40.18 27.37 9.45
WP (% viv) 2.52-23.24 11.07 4.71
AWC (% v/v) 6.45-27.24 16.30 4.71
Total CaCo; % 3.60 - 62.50 27.83 14.01 7
Active CaCo; % 0.33 -34.10 11.18 8.13
Clay % 2.14 - 52,50 21.31 13.48
Silt % 2.15-139.16 31.86 7.38
Sand % 3.03 - 3828 31.02 18.02
Total aggregates % 23.94-61.10 40.73 8.80
2-1mm aggregates % 0.97 - 16.10 4.88 2.91
1- 0.5mm aggregates%o 9.45-25.16 16.83 4.06
0.5-0.25 mm aggregates % 7.25-29.25 1598 475
Total prosity (% v/v) 35.61 -55.49 45.72 5.45
QDP % §.29-29.18 18.36 4.80
SDP % 1.66 — 10.30 5.66 1.84
WHP % 312-21.82 10.64 3.55
F.C.P % 2.52-23.03 11.07 3.55
Applied pressure {KP,): Moisture content under different suction
10 KP, g 9.19-45.10 2737 9.45
20 KP, 8.54 —42.49 24.53 9.04
33 KP, 6.22 - 40.18 21.71 8.35
66 KP, 0.17 - 36.88 19.07 8.02
100 Kp, 4.72-33.18 17.17 710
300 KP, 4.23 -29.89 i5.19 6.45
500 KP, 3.10-26.58 13.39 5.88
1500 KP, 2,52-23.03 11.07 5.24
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Data presented in Table 2 show the simple correlation coefficients (r) between
the studied hydraulic properties and the different soil parameters. It is clearly
noticed that most of the studied soil physical parameters and CaCO; content
affected the soil hydraulic properties of the calcareous soils. On the other hand,
the step-wise statistical analysis program was computed between these hydraulic
properties and all the studied physical parameters . The data revealed that the
main soil properties affecting the hydraulic properties in the calcareous soils
could be summarized in the following multiple regression equations:

TABLE 2. Simple correlation coefficients (r) between (BIR), (KS), (F.C), (WP) and (AWC)
and the different soil physical parameters of the studied calcareous soils.

Soil properties ® ® © ® ©
(BIR) (KS) FC WP AWC
Particle size (%)
Clay -0.895+% || -0.741** ]| 0.923%+* 0.934%* 0.812%*
Slhit -0, 755%* 0.636** 0.711%* Q.707%* 0.761**
Clay + silt -0.861%* || -0.767** | 0.934*+ (0.864** 0.745%+
Fine sand 0.309* +0.060 -0.349%* -0.342%* -G.318%+
Coarse sand 0.608%* 0.82] %+ -0.899%* -0.878** -0.727%*
C.sand + F. sand 0.634++ 0.731%+ -0.787** -0.601%* | -0.776**
CalC; (%)
Tatal CaCos -0.858¢+ || -0.837%* || 0.8G)** 0.871** 0.81G%+*
Active CaCos -0.893*¢ 3 -0.893** | 0.906** 0.904** 0.814%+
Water stable aggrepates (%)
Aggregates 3-2 mm -0.149 -0.095 0.151#* 0.093 0.101
Aggregates 2-1 mm 0.328* 0.532%* -0.215% -0.179% -0.231*
Aggregates 1-0.3 mm 0.680*+ 0.581 %+ 07124 -0.698%% B -0.653%*
Aggregates .5-0.25 mm 0.688** (.588%* -0.651%* <(0.592%+ -0.641**
Mean weight diameter || 0.462%* 0.463** -0.403** W0.412%* -6.355%*
(MWD)
Pore size (%) :
QDFP 0.746** 0.708%* -0.909*+ -0.866%% §f -0.802%+
snp -0.561 %% 1 -0.579%* | 0.659** 0.517%* 0.748*+
WHP -0.803** | -0.679%* |t 0.91|*=* 0.79g+* 0.939%+*
FCP -0.887** i -0.768** || 0,955+ 0.969 %+ O304+
Total porosity -0.562** N -0.751%¢ W 0.556%* 0.576%* 0.799*+

* significant at 5%
** significant at | %.
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Y= 13.208 - 0.314X,% + 0.00991X,% + 0.1622X,% + 0.1232X,% - 0.163X % .
R® = (0.908)**

Y= 11913 - 0.751X,% + 0.918X,% + 0.039X3% + 0.312X,% - 0.306X,% + 0.697X,%
-0.697X % . R? = {0.827)**
Y3=2138 + 1.0X,o% + 1.0Xo% + 1.0Xg% . R? = (1.00)**
Y.= 14.839 4+ 0.363X,% 0.036X,% + 0.723X:% + 0.142X% +0.057X%  0.348X,%
+0.253%% . R? = (0.838)**

Ys = 26.124 + 0.569%,%0.191X,% + 0.138Xs% + 0.224X% + 0.6623:% +
0.387X,0%. R? = (0.909)**
Where :

Y, = basic infiltration rate (BIR, Crvh) .

Y, = saturated hydraulic conductivity (Ks, crm/h) .

Y; = soil moisture content at field capacity (FC) (%6volume) .
Y ; = soil moisture content at wilting percentage (WP) (% volume) .
Y5 = soil moisture content at available water capacity (AWC) .
X, = active CaCOy content (%) .

X, = coarse sand (%) .

X; = water stable aggregates (1 — 0.5 mm diameter) (%).

X4 = water stable agpregates (0.5 — 0.25 mm diameter) (%) .
X5 = clay content (%) .

X, = silt content (%) .

X, = quickly drainable pores (QDP) (%) .

X, = slowly drainable pore (SDP¥%) .

X, = water holding pores (WHP) (%).

X;o = fine capillary pores (FCP) (%) .

I

The above mentioned relations, indicated that the active CaCO; content and seme
physical parameters are governing the variations in most of the smdied soi! hydraulic
properties. Subsequently, in order to define the studied calcareous soils in relation o
their hydraulic properties (BIR, KS, FC, WP and AWC), the relationship between
these hydraulic properties and each of total and active CaCO; content were expressed
through a linear, logarithmic, exponential, power, and quadratic equations as
presented in Tables 3 and 4. The equations indicate that, the power equation (best
fitting relationship ) can be used in plotting the relationships berween these hydraulic
properties and each of total and active CaCO; percentages, (Fig . 1 a, b, ¢, d, ¢, f).
From these power equations, the rate of change was calculated of soil hydraulic
properties and each of total and active CaCO;% {dy/dx) were calculated. When the
rate of change becomes nearly to be constant (i.e, dy/dx = +1), indicating that such
properties become nearly constant with increasing values of total or active CaCO;%.
Therefore, from the soil hydrology point of view, the values represent the lower limits
of total or active CaCO,% can be considered threshold values for the calcareous soils.
The obtained formula were used to calculate such values to the soil frem hydraulic
properties point of view (Table 5). Generally, the calcareous soils can be defined from
hydraulic properties point of view as those which contain more than 14-17% total
CaCO; or 4 —7 % active CaC0; ,
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TABLE 3. The relationships between each of basic infiltration rate (BIR), saturated hydraulic conductivity (KS cm/h) and total

carbonate (Xl) and active carbenate (XI) of the studied soils.

Equation type

BIR(Y,)

KS(Yy)

Equation

Equations

Linear

Y, = 26.76 - 0471 X,
Y= 25.698 - 0.109 X,

-0.794%*
-0.765%*

Y, = 21.896 — 0.666 X,
Y, = 34381 - 9.882 X,

-0.762**
-0.930%*

Exponential

Y= 33523 200X
Y, =25.47¢%0%%

-0.812%*
-0.851**

Y, = 168.84 ¢ ¥4
Yy = 116.166 £ *927%

-0.886%*
-0.939%+

Logarithmic

Y, =46318-10.595 Ln X
Y, =25.698 - 6.109 Ln X

-0.808**
-0.817*

Y, =45479-10.791 Ln X,
Y,=24421-6534LnX,

-0.786%*
-0.836%*

Y, =143.755 y -0804s
Y, =28690 x, 047119

-0.898%%
-0.925%*

Y,=221.387 x -099738
Y;=31.676 y, %0156

-0.897**
-0.913%*

Quadratic

Y= 32.27 - 0.965X1 +0.0085 2
Y| =26.50 - 1.728 x 2 +0.347 x 2

(.589**
0.941**

Y= 47526 - 2.88X1 +0.025 » 2
Y,=33.498-3.151X2+0.0722 x ]

0.873%*
-0.846%*
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TABLE 4. The best fitting equations between each of soil moisture at field capacity (Y,), wilting point (Y,) and available moisture

capacity (Y,) and each of total carbonate content (X,) and active carbonate content (X;) , of the studied soil samples.

Equation type

Field capacity (Y,)

Wilting point (Y

Available moisture content (Y;)

Equation

r

Equation

r

Equation

r

Linear

Y= 10.632+0.6013 X,
Y, =12.879+}.352X,

0.8914**
0.896**

Y= 1.996+0.326 X,
Y= 4.55539+0.5826X,

0.9592*+
0.958**

Yy=8.635+0.275X,
Y,=9.491+0.491X,

0.815**
0.854*+

Exponential

Y, = 12.98 "0
Y= 16.042 21

0.879++
0.8372*+

Y= 3,759 204X
Y= 5.031 2087

0.308**
0.867**

¥,=9.203 a0 0188X,
Yy= 10.906 &"®'19%;

0.809**
0.789**

Logarithmic

Y= -13.149 + 1283 In
X,
Y= 12879 +753In X,

0.879**

G.898++

Y= -10.248 + 6.0752 In
X
Y;=3.461 +3.861 In X,

0.834%+*

0.849

Y;=2.901 + 6.081 InX,

Yy=9.417 +3.491 InX,

0.836%*

0.854*+

Y=525116 yD-0488

Y= 14.0688 XQQSOOZ

0.916**
0.9379%*

Yz 0.866 x0-76%
v2-0962 X387

0.901%*
0.932%*

Y3= 5.387 X:]..EO&IS
v,= 1047 X9 1741

0.887%*
0.914%*

Quadratic

Y\= 647 + 097 X, -
0.0064 X}
Y= 1255 + 084X, -
00302 X3

* significant at 5%

0.903*=*

C.931*=*

Y,=1.69+0.4002X -

0.0013 X}

¥=3.644+0.819X,
2

0.0091 X

** cignificant at 1%

0.852%*

0.911**

Y3=5.303+0.5742X
0.005 X 12
Y,=8.912+1.0206X,
0.021 X7

0.852%*

0.868**
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TABLE 5. Predicted values of total CaC(0;% and active CaCo,;% for defining the studied
calcareous soils in relation to some hydraulic and physical properties.

. . Total CaC(4 Active
Hydraulic properties (%) CaCos (%)
Basic infiltration rate (BIR) 16 3
Saturated hydraulic conductivity (Ks) 13 4
Soil mosture content at:

Field capacity (FC) 15 7
Wilting point (WP) 17 6
Available water capacity (AWC) 14 >
Mean 16 6
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