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ABSTRACT: This study was carried out on Wadi Kahali in Ras Sudr, south
Sinai Governorate, during summer season 2005 to evaluate a calcareous soil
at the efficiency of two amendments i.e. diluted sulfuric acid and organic
manure for ameliorating some properties of the studied soil.

The used two types of soil amendments were used at drfferent rates, i.e. 0,
0.5% (25 kg S.A+ 5 m’ water/fed) and 1.0% (50 kg D.S.A + 5 m® water/fed) for
diluted sulphuric acid and (0, 10, 20, 30 m’°fed) for organic manure then
planted summer tomato.

The obtained results can be summarized as follows:

The values of soil bulk density, penetration resistance, instability index, total
CaCO; and active CaCO; tended to decrease with increasing the applied
rates of both soil amendments. On the other hand, total porosity, quickly
drainable pores, available water, stability index, hydraulic conductivity were
increased.

Key words: physical properties, soil compaction, total CaCO,, active
CaCQ;, calcareous soils.

INTRODUCTION

Slow water penetration, or slow infiltration is a major problem in
calcareous soils and effect negatively the production of crops (LAWR, 1984).
Poor water infiltration causes applied water, to stand in fields, causing a
decrease in both annual and perennial crop yields, increasing irrigation costs
due to additional irrigation (more frequent irrigation) requirements, and
consequently, increased labor costs.

Slow water infiltration reduces crop yields if plants become water
stressed due to insufficient available water. Standing water also increases
the incidence of soil and plant diseases due to water stagnation.

Slow water penetration can result in a reduction of water-use efficiency. It
can lead to either longer irrigation periods or more frequent irrigations. Both
of the aforementioned cases result in an increase in the time of water
ponding on the soil surface, which increases water loss by evaporation.
Water penetration problems are widespread over all soil textures ranging
from sandy loam to clay.

There are many several factors could be cause water penetration
problems. Some of the important factors are: soil compaction, excessive
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sodium absorbed on the soil, high clay content, low organic matter that
decreases aggregate stability, and soil crusting. Chemical composition of
irrigation water is an additional factor that can affect infiltration rates. Water
that contain sodium bicarbonate as the predominant salt increase the
tendency for crust formation, and reduce permeability below the soil surface
due to clay swelling and dispersion(LAWR, 1984).

Dense and cemented soil layers lead to infiltration problem. These layers
can occur naturally (cemented pan) or can be created by farming practices
(plow pan, compaction) or by irrigation (surface crusts) (Upadhyaya et al.,
1988).

The aim of this study was therefore to evaluate the beneficial effects of
both diluted sulfuric acid and organic manure, as soil amendments, on
improving some properties of a calcareous of wadi Kahli in Ras Sudr, south
Sinai Governorate.

MATERIALS AND METHODS

A field experiment was conducted on a calcareous soil during summer
season at Wadi Kahali in Ras Sudr, south Sinai governorate A.R.E. The initial
physical properties of the studied soil are shown in Table (1).

Table (1): Some initial soil physical properties of the studied soil site

Soil characteristics Depth {(cm) _

0-15 15-30
Particle size distribution (%):
Coarse sand 171 15.2
Fine sand 20.2 20.4
Silt 23.5 14.7
Clay 39.2 49.9
Textural class o Clay loam Clay
Organic matter (%) 0.93 0.51
Total CaCO; (%) 364 36.5
Total porosity (%) 52.8 54.53
Bulk density (g cm™) 1.29 1.32
Available water (%) 13.27 14.65
Soil penetration (kg cm?) ’ 6.93 5.71
Instability Index 1.58 1.41
Stability Index 0.63 0.70
ECe in dS/m (soil paste ) 14.6 12.8
pH (soil paste ) 8.41 8.32

To fulfill this experimental, two treatments, i.e. diluted sulfuric acid and
organic manure were chosen. The current experiment was designed as a
randomized complete block design with four rates of organic manure (0, 10,
20, and 30 m’/fed) and three concentration of diluted sulfuric acid {0, 0.5, 1%),
and three replicates were used for each treatment. Experimental plots, an
area of 10m’ for each one were used in the field experiment, however diluted
sulfuric acid was added as foliar spray with a total volume of 5000 L/fed. And
then organic manure was added after soil dried followed by tillage
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operations, then were planted of summer tomato and irrigated with flooding
irrigation system.
Penetration resistance and other physical properties were measured
before any treatment (initial) and after tomato harvest.
Disturbed and undisturbed soil samples were taken from the studied two
(0-15, 15-30 cm) layers. The disturbed soil samples were dried and sieved
through a 2mm. sieve, mixed and stored for the following determination:
1)Particle size distribution analyses, according to the international method,
(Gee and Bauder, 1986) using the sodium hexametaphosphate as a
dispersing agent.

2)Bulk density was determined at field moisture content by using the core
method according to (Vomocii, 1965).

3)Soil moisture desorption curve was determined by pressure cooker,
(Stakman et al, 1962).

4)Pore size distribution, instability index and stability index were calculated
according to (De Leenheer and Deboodt, 1965).

Mean weight diameter Mean weight diameter
Instability Index = of air dry soil before of same soil after
wet sieving wet sieving

Stability Index =| ——- e e

5)Active carbonate content, was determined according to the methods
described by (Yaalon, 1957).

6)Penetration resistance was measured using the Eijke Kamp hand
penetromenter model 06.01 set A (Davidson, 1965).

RESULTS AND DISCUSSION

Total and active calcium carbonate:

Data present in Tables (2 and 3) shows the effect of diluted sulfuric acid
application on calcareous soil. The data reveal that increasing the applied
rate led to decrease total calcium carbonate values, and consequently
decrease of active carbonate comparing with untreated soil where, the
highest reduction are recorded at the treatment 1% diluted sulfuric acid.
These results may be attributed to adding of diluted suifuric acid which
enhanced increasing of soluble CaCO; and consequently alleviateits
districtive effect.

Statistical analysis indicated that the simple correlation was carried out
between total calcium carbonate, active carbonate and the application rate of
diluted sulfuric acid (D.S.A) are positive and significant, where the values
were 0.626** and 0.723** respectively.
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Table (2): Soil particle size distribution with and without the removal of CaCO,, the fraction, total content

(%) and active of CaCO; (%).

= Particle size distribution Particle size distribution = -
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Table (3): Relative decrease of CaCO, (%) from each of total carbonate and
active carbonate.

Soil depth (cm) D.As‘fge& ) Total CaCOs (%) Active CaCO; (%)
o015 P R R
1530 || T
0-15 | 05 14.3 11.3
15-30 12.1 7.03
YT 0 31.6 27.8
1530 | : 227 20.7

Pore size distribution

Pore size distribution is responsible for the limitation of water retention
and movement in the soil and it is strongly affected by soil texture and
structure. Moreover, the ability of the plant root to find space in which to
grow is often the most important factor limiting plant growth.

Calcareous soil is characterized by its low moisture retention capacity,
low aeration capacity and slow water movement, therefore any attempt to
improve calcareous soil should take these properties into consideration.

The influences of two amendments at different application rates on pore
size distribution in calcareous soil are represented in Table (4). Data indicate
that the values of fine capillary pores (F.C.P) were decreased while other
pores categories were increased with increasing the applied rates of both
used amendments diluted sulfuric acid and organic manure either alone or
together.

This behaviour may be attributed to decrease of CaCO, and formation of
stable aggregates. Statistical analysis indicated that there was a highly
significant negative correlation between fine pores (F.C.P) and the
application rate of any or two amendments (-0.892**) while it was significant
correlation and positive between others pores (Q.D.P, S$.D.P and W.H.P) and
addition (0.788**, 0.721** and 0.748**).

Soil compaction:

The term soil compaction has been used to mean both a state of soil dry
bulk density and a change in dry bulk density of soil (Chancellor 1971).
Changing B.D may be caused by forces that originate either from mechanical
sources, such as machines or from natural sources such as dying and
wetting (Harris 1871). ) o

The decreases in pore volume and pore size results in slower water
penetration and decreased root penetration (LAWR, 1984) Increasing soil
compaction lead to increasing soil strength and the rate of seedling
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emergence or rate of root elongation will be reduced. A compacted layer may
jead to a reduction in crop yields since the plant may undergo substantial
additional stress for water and or nutrients {(Taylor 1971).

Table (4): Pore size distribution under different rates of applied diluted
sulfuric acid and organic manure

Soil depth Acid O.M. . Q.D.P. S.D.P W.H.P F.C.P
cm) Conc. >28.8 28.8-86p | 86-0.19p <0.19
(*%) (m’ifed) p ]
0-15 0.0 ) 9.5 4.50 10.8 28.0
s 69 | . 603 | s | 7
0-15 10.5 573 11.2 26.0
30 | . 00 74| 543 | 22 | 310
0-15 1.0 10.7 6.23 12.4 249
15-30 ) 8.5 5.60 12.8 293
0-15 0.0 12.5 5.23 11.3 25.6
o530 | %0 st | 580 | 128 | 295
0-15 05 10 13.4 6.10 12.5 22.9
sz | %S0 00 | 660 | 128 | 05
0-15 10 13.8 6.33 13.0 223
15-30 . 11.1 6.57 13.4 21.0
0-15 0.0 13.9 5.60 12.8 23.6
sz |0 L M4 | 595 | 156 | 275
0-16 0.5 20 14.3 6.90 13.0 21.8
s | %o B e | 780 | 54 | 259
0-15 1.0 14.6 7.10 13.7 21.0
15-30 11.6 6.60 13.9 26.8
0-15 0.0 15.4 6.10 121 23.0
s M ) 1ne | 755 | w7 | %2
0-15 05 30 15.6 7.50 13.9 20.2
s | %8 %0 1ny | 810 | us | 247
0-15 1.0 17.9 7.80 15.2 18.7
15-30 i 12.0 7.40 16.6 25.0

The results obtained from the applied of D.S.A. and O.M either individually
or in combination are shown in Table (5). Soil bulk density and soil
compaction decreased while total porosity (T.P), Hydraulic conductivity (K.)
and available water (A.W) were increased comparing with the untreated soil.
The best treatment was found at the treatment of (1% D.S.A and 30 m’ffed.
O.M) and (0.5% S.A + 30 m‘ffed.0.M) respectively. Such increases or
decreases were more pronounced in the surface layer (0.15cm). These
results are more related to the nature of the organic manure as it has low B.D
and higher AW (Baver et al., 1972) and the higher efficiency of diluted
sulfuric acid (D.S.A) in improving K; of calcareous soils was attributed by
(Mace et al. 1999) to one or more of some affecting factors, i.e.,
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Table (5): Effect sulfuric acid and organic matter application to calcareous
soils on some physical properties.

- »
53 £ 2 @ x
£ - g B | £ < 3 - 2 3
Q__ 9 5 s =9 ;‘ = - £
I = E o E g E a E = = S
s § au E 8 | °8 8 = 2 £ £
S <°'Q = = =D S @ < = =
0 3 S~ E a 4 s €
[#] [} m = g b
0-15 695 | 129 | 5280 | 232 | 108 | 158 | 063
15-30 0.0 57 | 132 | 6443 | 186 | 115 | 141 | o070
N X T N I R 55 | 126 | §3.43 | 261 | 112 | - 126 | 0.80
530 | 0.5 0.0 67 | 131 | 6673 | 193 | 122 | 137 | or2
B X [ R s1 [ 1227 5423 | 265 124 |- 131 | 076
15-30 10 6 | 129 | 6620 | 195 | 128 | 129 | 077
015 58 | 120 | 5463 | 271 | 113 | 136 | 074
16-30 0.0 67 | 128 | 6730 | 198 | 129 | 127 | 079
X 1 2 R R §3 | 119 7] 64.90 | 287 | - 125 |- 115 | 086
16-30 0.5 10 64 | 128 | 5790 | 206 | 128 | 121 | 082
s TN [T a8 | 11877 55.43 206 ] 130 |- 142 | ¢ 0.89
1530 10 62 | 126 | 68.07 | 243 | 134 | 120 | o083
015 56 | 147 | 5500 | 299 | 128 | 126 | 080
15-30 0.0 66 129 | 58.45 | 214 | 136 | 122 | o082
TTos [T [T s0 | 117 7] 66.00 | 318 | - 130 | - 113 | 0.88
15.30 0.6 20 61 128 | 6860 | 215 | 134 | 118 | 085
TToas T T 43 | 118 56.40 | 351 | - 137 | 110 | 090
15-30 10 §9 | 125 |5890 | 220 | 139 | 117 | 095
015 53 | 149 | 56.60 | 361 | 124 | 121 | 083
530 | 0.0 62 | 125 | 69.05 | 221 | 147 | 116 | 0.86
Teas T TTTTT [T a7 | 116 ] §7.20 | 415 | - 139 | - 106 | 094
15-30 0.5 30 58 125 | 6050 | 227 | 148 | 109 | 091
TTes T [T 38 | 116 | '59.60 | 468 | - 162 | - 103 | 097
1530 10 56 | 124 | 61.00 | 242 | 168 | 105 | 095

Lower SAR values, higher soluble Ca?* and Mg?, lower pH and greater EC
(Miyamoto and Stroehlein, 19886). In addition, other specific beneficial effects
of diluted sulfuric acid (D.S.A) i.e., increased dissolution of stabilizing agent
such as Fe, Al and P, development of CO, escape channels to the
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atmosphere and high sulfate concentrations that will limit the dissolution of
CaCO, due to the common ion effect.

Simple significant correlations was found between soil strength, bulk
density (B.D), total porosity (T.P), saturated hydraulic conductivity (Ks),
available water (A.W) and the application rate of any of two amendments (-
0.867**, -0.881**, 0.784**, 0.791** and 0.881**) respectively.

Stability index

The stability of the aggregates was determined by the dry and wet sieving
technique. The lower value mean better instability of the aggregates, this
index is therefore called "the instability index” as presented in Table {5). The
best instability index (lowest value) occurs at addition (1% D.S.A + 30 m°>/fed.
0.M), which contains the highest O.M content and highest of D.S.A. Logking
to the date in Table {5), the instability index is largely determined by the O.M
content, one of the most important factors in the formation of stable
aggregates and addition D.S.A due to increased dissolution of CaCO; and
decreased CaCO; content in soil.

The statistical analysis show that there is a highly positive significant
correlation between stability index and the application rate of any these
amendments. Where the values of simple correlation coefficients were
0.486**, 0.626**, 0.715** and 0.854**, respectively.
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