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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 different rates, i.e. 0, 
0.5% (25 kg S.A + 5 m3 water/fed) and 1.0% (50 kg D.S.A + 5 m3 water/fed) for 
diluted sulphuric acid and (0, 10, 20, 30 m3/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 
CaCO3 and active CaCO3 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 CaCO3, active 
CaCO3, 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 17.1 15.2 
Fine sand 20.2 20.4 
Silt 23.5 14.7 
Clay 39.2 49.9 
Textural class Clay loam Clay 
Organic matter         (%) 0.93 0.51 
Total CaCO3            (%) 36.4 36.5 
Total porosity          (%) 52.8 54.53 
Bulk density   (g cm-3) 1.29 1.32 
Available water       (%) 13.27 14.65 
Soil penetration  (kg cm2) 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 m3/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 10m2 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 (Vomocil, 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). 

 
 
Instability Index =   
    
 
 
 Stability Index =  
 
 
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 sulfuric acid which 
enhanced increasing of soluble CaCO3 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. 

Mean weight diameter 
of air dry soil before 

wet sieving 

Mean weight diameter 
of same soil after 

wet sieving 

1 
Instability Index 
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Table (2 
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Table (3): Relative decrease of CaCO3 (%) from each of total carbonate and 
active carbonate. 

Soil depth (cm) Added  
D.S.A (%) Total CaCO3 (%) Active CaCO3 (%) 

0-15 
0.0 

------- ------- 
15-30 ------- ------- 
0-15 

0.5 
14.3 11.3 

15-30 12.1 7.03 
0-15 

1.0 
31.6 27.8 

15-30 22.7 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 CaCO3 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 1971).  

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 

 
 

557 



 
 
 
 
S.F. Mansour 

emergence or rate of root elongation will be reduced. A compacted layer may 
lead 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  

cm) 
Acid 

Conc. 
(%) 

O.M. 
 

(m3/fed) 

Q.D.P. S.D.P W.H.P F.C.P 
>28.8  

µ 
28.8-8.6 µ 8.6-0.19 µ <0.19 

 µ 
0-15 0.0 

0.0 

9.5 4.50 10.8 28.0 
15-30 6.9 5.03 11.5 37.1 
0-15 0.5 10.5 5.73 11.2 26.0 

15-30 7.1 5.43 12.2 31.0 
0-15 1.0 10.7 6.23 12.4 24.9 

15-30 8.5 5.60 12.8 29.3 
0-15 0.0 

10 

12.5 5.23 11.3 25.6 
15-30 9.1 5.80 12.9 29.5 
0-15 0.5 13.4 6.10 12.5 22.9 

15-30 10.0 6.60 12.8 30.5 
0-15 1.0 13.8 6.33 13.0 22.3 

15-30 11.1 6.57 13.4 27.0 
0-15 0.0 

20 

13.9 5.60 12.8 23.6 
15-30 11.4 5.95 15.6 27.5 
0-15 0.5 14.3 6.90 13.0 21.8 

15-30 11.5 7.80 13.4 25.9 
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 

30 

15.4 6.10 12.1 23.0 
15-30 11.6 7.55 14.7 25.2 
0-15 0.5 15.6 7.50 13.9 20.2 

15-30 11.7 8.10 14.8 24.7 
0-15 1.0 17.9 7.80 15.2 18.7 

15-30 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 (Ks) 
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 m3/fed. 
O.M) and (0.5% S.A + 30 m3/fed.O.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 A.W (Baver et al., 1972) and the higher efficiency of diluted 
sulfuric acid (D.S.A) in improving Ks 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. 

So
il 
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0-15 
0.0 

0.0 

6.95 1.29 52.80 2.32 10.8 1.58 0.63 

15-30 5.7 1.32 54.43 1.86 11.5 1.41 0.70 

0-15 
0.5 

55 1.25 53.43 2.61 11.2 1.25 0.80 

15-30 67 1.31 55.73 1.93 12.2 1.37 0.72 

0-15 
1.0 

51 1.22 54.23 2.65 12.4 1.31 0.76 

15-30 65 1.29 56.20 1.95 12.8 1.29 0.77 

0-15 
0.0 

10 

58 1.20 54.63 2.71 11.3 1.36 0.74 

15-30 67 1.28 57.30 1.98 12.9 1.27 0.79 

0-15 
0.5 

53 1.19 64.90 2.87 12.5 1.15 0.86 

15-30 64 1.28 57.90 2.06 12.8 1.21 0.82 

0-15 
1.0 

48 1.18 55.43 2.96 13.0 1.12 0.89 

15-30 62 1.26 58.07 2.13 13.4 1.20 0.83 

0-15 
0.0 

20 

56 1.17 55.90 2.99 12.8 1.25 0.80 

15-30 66 1.29 58.45 2.14 13.6 1.22 0.82 

0-15 
0.5 

50 1.17 56.00 3.18 13.0 1.13 0.88 

15-30 61 1.28 58.60 2.15 13.4 1.18 0.85 

0-15 
1.0 

43 1.18 56.40 3.51 13.7 1.10 0.90 

15-30 59 1.25 58.90 2.20 13.9 1.17 0.95 

0-15 
0.0 

30 

53 1.19 56.60 3.61 12.1 1.21 0.83 

15-30 62 1.25 59.05 2.21 14.7 1.16 0.86 

0-15 
0.5 

47 1.16 57.20 4.15 13.9 1.06 0.94 

15-30 58 1.25 60.50 2.27 14.8 1.09 0.91 

0-15 
1.0 

38 1.16 59.60 4.68 15.2 1.03 0.97 

15-30 56 1.24 61.00 2.42 16.6 1.05 0.95 

  
Lower SAR values, higher soluble Ca2+ and Mg2+, lower pH and greater EC 

(Miyamoto and Stroehlein, 1986). 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 CO2 escape channels to the 
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atmosphere and high sulfate concentrations that will limit the dissolution of 
CaCO3 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 m3/fed. 
O.M), which contains the highest O.M content and highest of D.S.A. Looking 
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 CaCO3 and 
decreased CaCO3 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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 الخواص الطبیعیة للأراضى الجیریةبعض  تحسن
 ىالعضو مخصب والالكبریتیك المخفف حمض  بأستخدام

 صبحى فھمى منصور
 مصر –الجیزة  –معھد بحوث الأراضى والمیاه والبیئة 

 خص العربيالمل
لــه بمنطقــة رأس ســدر بمحافظــة جنــوب ســیناء خــلال عــام أقیمــت هــذه التجربــة فــى وادى كح

 لـذامندمجـة الطبقـات الذات والقـوام الطمـى الطینـى الجیریـة تتمیز بالطبیعـة حیث الأراضى  ٢٠٠٥
وآخــر كیمــاوى ممثــل فــى تهــدف الدراســة إلــى أضــافة محســن طبیعــى ممثــل فــى الســماد العضــوى 

فـى صـورة منفـردة أو مجتمعـة تحـت ظـروف الـرى بمیـاه مالحـة ودراسـة  المخفـف تیـكحمض الكبری
 ندماج التربة.با فیما یتعلق التغیرات فى الخواص الطبیعیة لهذه الأراضى وخاصة

% ثــم رى الأرض ١، ٠.٥ صــفر، مهــ تأجریــت التجربــة بأضــافة حمــض الكبریتیــك فــى تركیــزا
 أربعــةفــى أضــیف الســماد العضــوى د الجفــاف ریــة خفیفــة بغــرض الــتخلص مــن أثــار الحمــض وبعــ

بالتربــة وتجهیزهــا لزراعــة طمــاطم  مــع الخلــط جیــداً /فــدان ٣م ٣٠، ٢٠، ١٠صــفر، مختلفــة معــدلات
 صیفى. والنتائج المتحصل علیها یمكن تلخیصها فیما یلى:

ــ • ــات الكلیــة مــن اأنخف ــة مــن الكربون ــى  ٣٦.٤ض محتــوى الترب ــد أضــافة ٢٦.٩، ٣١.٢إل % عن
ــات النشــطة مــن ١، ٠.٥ز الحمــض بتركیــ ــا انخفضــت الكربون ــوالى بینم ــى الت ــى  ٢١.٢% عل إل

 % عند إضافة الحمض بالتركیزات السابقة على التوالى.١٥.٣، ١٨.٨
وتحـت  السـطحیة تـینفـى الطبق ٢كجم/سـم ٥.٧٢، ٦.٩٣إندماج التربة مـن قیم معامل ض اأنخف •

% ومــادة عضــویة ١ عنــد أضــافة الحمــض بتركیــزات ٢كجم/ســم ٢.٩٧، ٢.٣٥إلــى  الســطحیة
 فدان على التوالى. /٣م ٣٠بمعدل 

مـع الزیـادة فـى معـدلات إضـافة المـادة قیم الكثافـة الظاهریـة للتربـة تدریجى فى ض اانخف حدوث •
      العضویة وزیادة تركیز الحامض المضاف.

 Q.D.Pیـث زادت مسـام الصــرف قــیم المسـامیة الكلیـة للتربــة وزیـادة نفاذیـة التربــة ح فـى عاأرتفـ •
إستجابة إلـى التـأثیر المفیـد  زیادة محتوى الماء المیسر للنبات. مع على حساب المسام الضیقة

 لكلا المحسنین (حمض الكبریتیك المخفف والمخصب العضوى).
حیث كانـت أفضـل قیمـة عنـد المعاملـة بحـامض الكبریتیـك بتركیـز  .A.Iتحسنت قیم دلیل التجمع  •

 /فدان من المادة العضویة.٣م ٣٠% ومعدل ١
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Table (2): Soil particle size distribution with and without the removal of CaCO3, the fraction, total content 

(%) and active of CaCO3 (%). 
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0-15 

0.0 
17.1 20.2 23.5 39.2 C.L 10.1 12.0 12.6 28.9 7.0 8.2 10.9 10.3 36.4 21.2 

15-30 15.2 20.4 14.7 49.9 C. 10.1 14.6 4.9 34.1 5.2 5.8 9.8 15.8 36.5 25.6 

0-15 

0.5 
20.3 28.2 11.6 39.9 C.L 14.2 21.9 7.3 25.4 6.1 6.3 4.3 14.5 31.2 18.8 

15-30 15.3 20.1 14.1 50.5 C. 12.2 15.9 8.6 32.2 3.1 4.2 5.5 18.3 31.1 23.8 

0-15 

1.0 
20.4 27.3 14.6 39.7 C.L 15.1 21.0 10.9 28.1 5.3 6.3 3.7 11.6 26.9 15.3 

15-30 18.1 21.2 13.9 46.8 C. 14.7 16.7 9.1 31.3 3.4 4.5 4.8 15.5 28.2 20.3 

C.L. = Clay loam  C = Clay  
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