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ABSTRACT

This laboratory experiment was carried out to study the individual and
combined effect of two organic acids (humic and oxalic acids) and salinity levels of
irrigation water on the changes of chemical properties and the content of available
phosphorus of two calcareous soils of Egypt. The soils were treated by either humic or
oxalic acid at application rates of 0, 0.1, 0,2 and 0.4% and irrigated by one of irrigation
water resources varied in their salinity levels at 100% of soil field capacity. The used
three water resources were tap water (W1), sea water (W3) and mixed water between
W1 and W3 with mixed ratio of 1:1 (W2). This experiment was carried out in plastic
pots, where it arranged in completely block randomized system with three replicates.
These pots were incubated at room temperature (25 + 2 ‘C)for 6 months. After that,
soil pH, EC (dSm™), CEC (meq/100g), total and active CaCOs (%) and the content of
available P (mg/kg) were determined.

Organic acids applications resulted in a decrease of soil pH and its content of
total CaCO3 % and increased soil EC (dSm™), CEC (meq/100g), and the content of
active CaCOs (%) and available P (mg/kg). On the other hand, increasing salinity
levels of irrigation water resulted in a decrease of soil content of total CaCO3 and
increased soil pH, EC, CEC, active CaCO3 and available P. The relative changes (RC,
%) of the studied soil properties were varied widely from soil to anther depending on
type and application rate of the used organic acids and salinity level of irrigation water.
Keywords: Calcareous soils, Organic acids, Salinity level, Relative changes, Soil

chemical properties and Available phosphorus.

INTRODUCTION

In Egypt the newly reclaimed soils at El-Nubariya and Borg El-Arab
regions cover more than 900.000 feddans (feddan = 4200 mZ) of which
290.000 feddans are calcareous soils (Moursy, 2002). Studies on the
physical, chemical and mineralogical characteristics of some calcareous soils
of Egypt to be classified and evaluated for agriculture purposes were carried
by Abd El-Kader (2006), who showed that, the content of CaCOj; in the soils
of El-Nobariya area in the Western Desert is very high and varies widely from
23.04 to 53.18%.

Agriculture in Egypt depends mainly on irrigation from the River Nile
(55.5 X 10° m3/year). The need to provide additional land to increase food
production compels the farmers to use all sources of water. Therefore, the
use of low quality water, such as ground water, drainage water, treated waste
water and even diluted sea water, should be considered as complementary
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sources, for the expansion of irrigated agriculture and agricultural
development. The high salinity of irrigation water decreases crop yield, or
even causes failure of crop establishment, due to specific ion effect, or total
salt buildup in the root zone, or inadequate maintenance of soil physical
properties. In this respect, several factors have been evaluated, as they limit
suitability of water for irrigation purposes. These factors are chemical
composition of water, which affect greatly on the physical and chemical
properties of soils, crop species, and types of soil and water irrigation
management. Many investigators also showed that soil amendments greatly
affected the physical and chemical properties of the soils and they could
reduce the harmful effect of saline irrigation water (Fayed, 2009 and Abou
Hussien et al., 2009 and 2010).

El-Maghraby and Shaban (2011) found that, a slight decrease of soil
pH values after wheat harvesting in the soil treated by organic fertilizers
compared to untreated soil. This may be due to the soil buffering capacity. On
the other hand, the favorable effects of organic fertilizers on decreasing soil
pH due to organic and inorganic acids formed during organic fertilizer
decomposition as well as improving the structure of the calcareous soils was
also reported by Beheiry and Soliman (2005) and El-Fishy (2009). Ismail et
al. (1996) reported that EC values increased in calcareous soil treated with
organic fertilizer. Many anothers also showed an increase in EC which
accompanied by compost and manure application (Abou Hussien et al, 2012;
Emam, 2011 and Gohar, 2011).

This work was carried out to study the changes in some chemical
properties of calcareous soils as affected by source and application rate of
two organic acids and salinity levels of irrigation water individually or in
combination. The studied soil properties were the content (%) of both total
and active calcium carbonate, cation exchange capacity, -electrical
conductivity, pH and the content of available phosphorus.

MATERIALS AND METHODS

Soil Sampling

This work was carried out in Soil Science Department, Faculty of
Agriculture, Minoufiya University, Shibin El-Kom to study some chemical
properties of two calcareous soils and its affected by individual and combined
treatments of both organic acids (source and application rate) and salinity
level of irrigation water. For achieve this purpose, two surface (0-20 cm) soil
samples were collected from two calcareous soils varied in their contents (%)
of total calcium carbonate (CaCOgs). The first soil was taken from Hawary
Farm, El-Nobariya, Behara Governorate (soil 1) and the second was taken
from Bohos Farm, Borg El-Arab, Alexandria Governorate (soil 2). The
collected soil samples of each location were air dried, good mixed and
ground to pass through a 2 mm (10 meshes) sieve. Fine soils (< 2mm) were
kept and analyzed for some physical and chemical properties according to
the methods described by Cottenie et al. (1982); Page et al. (1982) and Kim
(1996). The obtained data were recorded in Table (1).
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Table (1): Some physical and chemical properties of the studied
calcareous saoils.

Soil properties Soil sample number
and units Soil 1 | Soil 2
Particle size distribution (%)
Coarse sand 51.8 22.5
Fine sand 12.7 42.4
Silt 33.0 20.5
Clay 2.5 14.6
Texture class Sandyloam Sandyloam
Field capacity % 20.5 26.5
Total CaCO3; % 29.20 41.80
Active CaCO3z % 9.60 10.80
O.M. % 0.62 0.22
CEC, meg/100g soil 17.39 16.50
pH (1:2.5)soil:water susp. 7.77 7.92
EC. in extract (1:5), dSm™ 412 0.92
Soluble ions ( meq/l)

ca””’ 9.90 1.88
Mg~ 4.80 1.38
Na’ 25.4 5.62
K 1.61 0.36
COs~ 0.00 0.00
HCO3 1.98 297
CI 18.00 3.50
SO.~ 21.73 2.77
/Available phosphorus (mg/kg) 9.2 7.8

Irrigation Water

Three irrigation water resources varied in their salinity levels were used in
this study. These resources were tap water (W1), mixed water of tap water
and sea water at mixing ratio of 1:1 (W2) and sea water (W3). The used sea
water in this study was brought from Mediterranean Sea water at Northern
Coast of the El-Hamam City, Mersa Matruh Governorate at 63 km from
Alexandria in July, 2010. The chemical compositions of these three water
resources were carried out according to methods described by A.O.A.C.
(2000) and the obtained data were recorded in Table (2).

Table (2): The chemical composition of the used three irrigation water
resources

EC Soluble ions (meq/l)
dsm * . 2C+at|on§ _ _ émons _ - SAR

Ca Mg K Na Cl COs HCO; | SO,
W1 7.70| 1.34 3.1 1.8 0.15 8.2 3.5 0.0 9.4 0.35 5.2
W2 7.76| 30.87 | 12.0 | 65.5 5.6 290.4 288 0.0 6.4 86.3 46.6
W3 8.02| 67.30 | 14.0 | 133.0 | 10.7 | 635.3 625 0.0 2.5 165.6 | 74.1

water | pH

Organic Acids
Two organic acids used in this study were humic and oxalic acids
(COOH),.2H,0). The used humic acid was isolated and purified from
potassium humate for Humintech® Company in Spain according to the
methods described by Kononova (1966) and Schnitzer and Khan (1978),
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respectively. The chemical composition of humic acid was recorded in Table

).

Table (3): The chemical composition of the used humic acid
Properties and composition

Functional groups value Elemental composition value
(mmolc/g) (%)

Total acidity 7.50 Carbon (C) 51.30
COOH groups 4.27 Hydrogen (H) 4.30
Total-OH groups 3.78 Nitrogen (N) 2.70
Phenolic-OH groups 3.26 Oxygen (O) 41.55
lAlcoholic-OH groups 0.52 Phosphorus (P) 0.15
C/N ratio 19.00

The Experiment

Plastic pots (144 pots) with 10 cm inter diameter and 7 cm depth
were used. These pots were divided into two main groups represented the
main factor (A) or the used two calcareous soils (72 pot for each group). A
400 gm of soil 1 and soil 2 were placed in each pot of main groups. The pots
of each main group were divided into two groups (36 pot/ group),
representing factor (B) or the treatments of the used organic acids i.e. humic
and oxalic acids. The pots of each organic acid group were divided into four
groups (9 pots/ group) where represent the application rate of the used
organic acids. These rates were 0.0, 0.1, 0.2 and 0.4%, which equivalent to
0.0, 0.4, 0.8 and 1.6 gm organic acids pot’l. These applications were good
mixed with soil. After that, the pots of each organic acid rate group were
divided into three groups (3 pots for each group) which represent the
treatments of the used three irrigation water resources (W1, W2 and W3). All
pots were irrigated at 100 % of soil field capacity (FC) of each soil. The
experimental pots were arranged in completely randomized block design with
three replicates. These pots were incubated at room temperature (25 £ 2 °C)
for 6 months. During the incubation period, irrigation water resources were
added based on the weight every three days to kept the moisture content at
the tested moisture content. At the end of incubation period, the soil of each
pot was taken, mixed, air dried and ground to pass through a 2 mm sieve.
Fine soils (< 2mm) were kept and analyzed for some chemical properties and
its content of available phosphorus according to the methods described by
Cottenie et al. (1982); Page et al. (1982) and Kim (1996).

RESULTS AND DISCUSSION

Soil pH

The presented data in Table (4) showed that, the soil pH of
calcareous soils was slightly decreased with the increase of applied organic
acids. These decreases in pH were attributed to the carbonic acid produced
from reaction of organic acids with calcium carbonate and other compounds
in soil. At the same application rate of organic acids, the obtained decreases
in soil pH associated the treatments of humic acid were higher than those
resulted from oxalic acid treatments. This trend was obserived in the two
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calcareous soils. Similar results were obtained in the calcareous soils treated
with compost by Panahpour et al. (2011) and Abou Hussien et al. (2012).

The presented data in Table (4) showed that, soil pH was slightly
increased with increasing salinity level of irrigation water. So the high
increase of soil pH was found in the soil irrigated by sea water (W3). The
found increases in soil pH as a result of salinity level increases attributed to
the cations presented in irrigation water as Ca’™, Mg""and Na" replaced H" on
surfaces exchangeable sites of clay and organic matter. With different
treatments under study, the effect of resulting SAR values of these water
resources on calcareous soil pH was positive which due to displacement of
Na" by hydrolysis liberating hydroxide ion which remains in solution (Al-
Busaidi and Cookson 2003). This explained by the following equation.

(Ca-Soil-Na)+2H,0 ¢* (Ca-Soil-H) + Na" + OH’

Table (4): Effect of the studied treatments on the calcareous soils pH

Soil | Water Humic acid % (A) Oxalic acid % (A)
No. fesgg‘)me Controll 510 [0.20 | 040 | Mean | 0.10 020 | 040 | Mean
W1 | 817 | 815 | 810 | 809 | 813 | 816 816 | 814 | 816
N W2 | 825 | 815 | 813 | 810 | 816 | 823 822 | 821 | 823
W3 | 825 | 825 | 823 | 820 | 823 | 825 824 | 821 | 824
Mean | 822 | 818 | 815 | 813 | 817 | 821 821 | 819 | 821
LS.D at 0.05 [A=0.047  B=0.041 A=0.025 |B=0.022
W1 817 | 818 | 8417 | 815 | 817 | 818 818 | 816 | 817
, W2 830 | 817 | 815 811 | 818 | 819 818 | 820 | 822
W3 835 | 831 |829 | 827 | 831 | 833 831 | 829 | 832
Mean | 827 | 822 | 820 | 818 | 822 | 823 822 | 822 | 824
LS.D at 0.05 A=0.037 |B=0.032 A=0.071 |B=0.062

Total soluble salts (EC)

The presented data in Table (5) showed that, calcareous soils EC
(dSm'l) was slightly increased as a result of organic acids application at
different rates. The effects of humic acid and oxalic acid on increasing soil EC
in the two calcareous soils were nearly similar. These increases were
resulted from the dissolved and solubilizing effects of added organic acids on
some soil compounds. Recently Abou Hussien et al. (2012); Emam (2011)
and Gohar (2011) concluded that, under clayey, sandy and calcareous soils
conditions of Egypt, different applications of many organic manures sources
resulted in an increase of soil EC. These increases are depended on soil
properties, source and chemical composition and application rates of the
used organic manures. This is in harmony with the findings of Boroojeni et al.
(2007).

The presented data in Table (5) show the calculated values of
relative change (RC, %) of soil EC compared with its original values in the
tested soils using the following equation.
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(EC in the treated soil — Original soil EC)
RC (%) = x100

Original soil EC

The recorded values of RC EC show that, these values were positive
under different treatments of organic acids. The RC of EC values found in the
soil 2 were higher than those found in the soil 1. This trend is due to results
from the differences among these soil properties and its effect on the
behavior of added acids in the soil. Also, in the two soils, the RC of EC values
obtained from HA and OA treatments were high. This trend was attributed to
the behavior of these acids and its reactions with different soil compounds.
The presented data in Table (5) showed that, the calcareous soils content of
total soluble salts (EC) which measured as dSm™ and its RC (%) was
increased with increasing salinity level of irrigation water. So the high values
of EC and its RC values were recorded in the soils irrigated by W3. This trend
was found in the two soils with different treatments of organic acids. The
obtained increases were generally resulted from the soluble salts
accumulated in the soil during the experimental period. The high values of
RC were found in the soil treated with W3 and application rate of 0.4 % of the
evaluated organic acids. Similar findings were reported by Mohamed et al.
(2007); Ragab et al. (2008); Hamad (2009) and Mojiri et al. (2011).

At different salinity levels of the used irrigation water resources with
all organic acids treatments, the effect of SAR values or sodium
concentration of these water resources on calcareous soil EC was positive.
This positive effect of SAR of irrigation water on soil EC due to sodium in
irrigation water is gradually replaced by calcium in calcium carbonate with the
formation for soluble salts as Na,CO3; and NaHCOj3;, which it responsible on
raising the soil EC. Similar results were reported by Al-Busaidi and Cookson
(2003).

Cation exchangeable capacity (CEC)

The presented data in Table (6) showed that, the CEC were
increased significantly with increasing organic acids applied in the two soils
under study. At same application rate of organic acids in the two calcareous
soils, the obtained increases in soil CEC associated the treatments of HA
were higher than that recorded with the treatments of OA. The obtained
increase in CEC with organic acids applications was resulted from the greater
CEC values of the used organic acids which resulted in an increase of
surface negative charges of calcareous soils. Similar results were obtained in
the calcareous soils treated with humic acid by Caravaca et. al. (1999). The
recorded values of RC (%) of soil CEC in Table (6) show a wide variation in
the effects of the studied factors on CEC of calcareous soils. These values
show that, all values of RC of CEC were positive and it become more positive
with increasing rate of added organic acid. The values of RC of CEC in the
soil treated with HA were more positive compared with those results from the
treatments of OA.
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This trend was found at different application rates in the two calcareous
soils. These findings may be attributed to the high stable state of HA
compared with that of OA characterized by high solubility. So the
decomposition rate of HA was lower than that of OA. With different
application rates of both HA and OA, the values of RC of CEC in soil 1 were
higher than those found in soil 2. In this respect Hassan (2009) reported
similar relationships between soil CEC and many organic manures sources
under different soil conditions.

The presented data in Table (6) showed that, the cation exchange
capacity (CEC) of calcareous soils and its relative change (RC %) were
increased with increasing salinity level of irrigation water. So, the high CEC
values were recorded with the treatments of W3 and the lowest values were
recorded with W1 treatments. These increases of CEC were recorded in the
two calcareous soils. These increases associated the salinity level increased
with both treatments of HA and OA. Similar conclusions were reported by
Prieto-Mendez et al. (2011). Irrigation water contains excess soluble sodium
(Na") ions which resulted in a separation soil particles followed by increase of
specific surface area and surface negative charges. Also, irrigation water
causes salt accumulation in soil and quickly break down soil structure which
noticed in calcareous soil (Levy et. al., 2003). In this respect FAO (2002);
Ragab et al. (2008) and Leal et.al. (2009) obtained similar results with some
calcareous soils.

Total calcium carbonate (T-CaCOy)

Data in Table (7) showed that, the calcareous soils content (%) of
total calcium carbonate (T-CaCO;) was decreased significantly with
increasing the application rates of the used organic acids. This decrease in
the T-CaCO; content in the calcareous soils is due to dissolving effect of
added organic acids on soil CaCOs;. This trend was in agreement with the
results obtained by Moreno et al. (2006). Also these organic acids reacted
with calcium carbonate (CaCOs;) causing decrease of calcium carbonate in
soil and convert it to calcium humate or calcium oxalate plus carbonic acid.
Similar conclusions were reported by Mohamed et al. (2007). They explained
the previous reaction by the two following equations:

HA....Hor OA.....H + CaCO; —— Ca-humate or Ca-oxalate + H,CO3
H,CO3 — H,O + CO,

Also, the data presented in Table (7) show, with soil 1 the obtained
decreases in the soil content of T-CaCOs resulted from the treatments of OA
and HA, but in soil 2 humic acid have a slightly decrease effect on the content
of T-CaCOs;. The presented data in Table (7) show the calculated values of
relative change (RC, %) of soil content of T-CaCO; compared with its original
values in the tested soils. The values of RC of T-CaCO; associated the
treatments of HA and OA were negative in the two calcareous soils, where
the values increased negatively with the increase of added organic acids. At
the same application rate of the two acids, the values of RC (%) in the soil 1
were more negative than these found in the soil 2. This may be attributed to
the low original soil 1 content of T-CaCOj3; than that in soil 2. Also, for RC
values, it may be noticed that, the decrease of organic acids in the
calcareous soil content of T-CaCO3 varied from acid to another depending on
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its chemical composition. In this respect Sarwar et al. (2008) found similar
results.

The presented data in Table (7) showed that, the calcareous soils
content (%) of total calcium carbonate was decreased with increasing salinity
level of irrigation water. These decreases were resulted from some reactions
and dissolving effects of added soluble salts with the native CaCO; in the
soil. In this respect, Abou Hussien et al., (2012) and Hamad (2009) obtained
similar result. Also, the decrease in the content of T-CaCO; could be explain
by the increase of sodium (Na") ions concentration in irrigation water than the
concentrations of Ca** and Mg ions ( high SAR values), where Na* ions
adsorbed on calcium carbonate surfaces and formed soluble sodium
carbonate (Na,COs3) and consumed a part of T-CaCO; according to following
equation:
2NaCl + CaCO; ——» Na,CO; + Ca(Cl),

So, all RC (%) values of T-CaCOgs; in the two calcareous soils as affected by
salinity levels of irrigation water were negative and its become more negative
at high salinity level (W3. Also, these values were varied from soil to another
depending on these soils properties especially the content (%) of T-CaCOs.
Similar conclusions were reported by Al-Busaidi and Cookson (2003)

Active calcium carbonate (A-CaCOs)

The presented data in Table (8) showed that, the calcareous soils content
(%) of active calcium carbonate (A-CaCO3) was increased with increasing
organic acids applied to the two soils under study. At the same application
rate of organic acids, the obtained increase in the soil content of A-CaCOs;
associated the treatments of HA was higher than that resulted from the
treatments of OA. The increase in the soil content of A-CaCO; associated the
treatments of organic acids could be resulted from the reaction between
organic acids with total CaCOj; in soils and converted part of total CaCO; to
A-CaCOs;. In this respect DelCampillo et al. (1992) and Reyhanitabar and
Gilkes (2010) found similar results.

Data in Table (8) showed that the values of RC (%) of soil content of A-
CaCO; were positively affected by the different treatments of organic acids. It
increased with increasing rate of added organic acid. At the same application
rate of HA the values of RC of A-CaCO; were higher than that with OA. This
trend was found in the two soils.

The presented data in Table (8) showed that, the calcareous soils
content (%) of active calcium carbonate (A-CaCO3) was little decreased with
increasing salinity levels of irrigation water, where the high decrease was
found in the soils irrigated with sea water (W3). This decrease in the content
(%) of A-CaCO; was found with the two calcareous soils under study. So, RC
% of A-CaCO; was increased negatively with increasing salinity level of
irrigation water.
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Available phosphorus

The presented data in Tables (9) showed that, the contents (mg kg'l)
of available phosphorus in calcareous soil were greater affected by the
studied treatments, where it increased with the increase in the application
rates of organic acids in both soils. These increases of available phosphorus
contents in soil 2 were greater than those in soil 1. The obtained increases in
calcareous soils content of available P as a result of the treatments with
organic acids were resulted from the decrease of soil pH associated the
treatments of organic acids which resulted in a more release of soil P (Tan,
2003), bicarbonate ions (HCO3) resulted from organic acids decomposition
are reacted with soluble Ca** formed Ca(HCOg3), which prevent the reaction
between Ca** and P (phosphate), organic anions compete with phosphorus
ions on adsorption sites. (Turner et al., 2005) and added organic acids coat
the particles of CaCO; preventing the reaction between CaCO; and P which
caused P precipitation and fixation in insoluble forms as dicalcium phosphate
dehydrate (DCP; CaHPO,.2H,O) or octacalcium phosphate [OCP;
CagHz(PO4)6.5H20].

Also, humic acid can affect the solubility of insoluble phosphorus
compounds in calcareous soil by its chelation capacity Similar results on
calcareous soils were obtained by Tan, (2003) and Wandruszka, (2006).

The relative effects of the studied treatments of organic acids on P
availability may be cleared by the calculated values of RC (%) of available P,
when these values were positive where the higher values of RC of available
P were recorded with the treatments of 0.4% OA. The presented data in
Tables (9) showed that, the calcareous soils content (mg/kg) of available
phosphorus was increased with increasing salinity level of irrigation water.
These increases due to the compete influences of soluble anions in irrigation
water with phosphate anions for adsorption on the soil surface. This is in
agreement with the results obtained by Kabba and Aulakh (2004).

Regarding to the calculated values of RC (%) of soil content of available
phosphorus (A-P) which recorded in Table (9), it can be noticed that, under
different salinity level treatments of irrigation water, all values of RC A-P were
positive and it increased positively with increasing salinity level and SAR
values of water resources. This trend was found in the two calcareous soils at
different application rates of the used organic acids. In this respect, Wenju et
al. (2008); Abou Hussien et al. (2010) and Hamad (2009) obtained similar
results. This positive effect of sodium hazard (SAR or Na™ concentration) of
irrigation water on the content (mg/kg) of available phosphorus could be
explained by effect of sodium ions on soil P solubility. These results are in
agreement with those obtained by Abou Hussien et al. (2009) and Fayed
(2009). All values of RC (%) of available P as affected by salinity levels of
irrigation water were positive, where the high values were found in the soil
irrigated with W3 (Table, 9).
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Table (5): Effect of the studied treatments on calcareous soil EC (dSm™) and its relative change (RC %)

. Control Humic acid (A) Oxalic acid (A)
S a 0.10 0.20 0.40 0.10 0.20 0.40
z | g8
o C =
313 §, dsm® | RC% | dSm™ | RC % dsm®* | RC% | dSm™ | RC% |dSm™| RC% |dSm™| RC% |dSm™ | RC%
(0]
w1 4.2 1.9 4.4 7.3 4.4 7.8 4.9 18.4 4.4 5.6 4.8 15.3 4.9 18.0
1 (w2 12.6 | 2058 | 13.3 222.8 142 | 2447 | 14.4 249.5 140 | 2398 | 142 | 2447 | 146 | 2544
w3 32.8 | 696.1 | 332 705.8 340 | 7252 | 347 742.2 325 | 6888 | 333 | 7083 | 335 | 713.1
L.S.D at 0.05 A=0.71 B=0.61 A=0.82 B=0.71
w1 22 | 1413 25 166.3 35 278.3 36 | 2859 | 1.4 56.5 15 60.9 15 63.0
2 w2 13.2 | 1334.8 15.0 15304 | 16.4 1682.6 | 165 | 1693.5 | 14.0 | 1421.7 | 16.1 | 1650.0 | 17.0 | 1747.8
w3 18.1 | 1867.4 19.3 1997.8 | 195 2019.6 | 205 | 2128.3 | 18.6 | 1921.7 | 20.1 | 2084.8 | 21.2 | 2204.3
L.S.D at 0.05 A=0.62 B=0.53 A=0.44 B=0.38

Table (6): Effect of the studied treatments on the cation

soils and its relative change (RC %)

exchange capacity (CEC) as meq/100g soil of calcareous

Humic acid (A) Oxalic acid (A)
Soil re\’s\’(‘;"a‘?ze Control 0.10 0.20 0.40 0.10 0.20 0.40
No. ®) meq/ RC meq/ RC meq/ RC % meq/ RC meq/ RC meq/ RC meq/ RC
100g % 100g % 100g 100g % 100g % 100g % 100g %
W1 19.7 13.3 21.0 20.8 22.3 28.2 23.7 36.3 20.0 15.0 21.0 20.8 22.6 30.0
1 W2 19.5 12.1 215 23.6 22.4 28.8 24.3 39.7 21.0 20.8 21.6 24.2 23.0 32.3
W3 20.8 19.6 22.1 27.1 23.9 37.4 26.1 50.1 20.1 15.6 22.2 27.7 23.2 33.4
L.S.D at 0.05 A=0.55 B=0.48 A=0.61 B=0.53
W1 19.0 15.2 19.7 19.4 20.4 23.6 22.0 33.3 18.4 11.5 19.5 18.2 21.7 31.5
2 W2 19.6 18.8 20.0 21.2 22.6 37.0 23.2 40.6 19.1 15.8 20.3 23.0 21.8 32.1
W3 20.0 21.2 20.7 25.5 22.9 38.8 24.2 46.7 19.5 18.2 21.0 27.3 22.6 37.0
L.S.D at 0.05 A=0.65 B=0.56 A=0.63 B=0.52
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Table (7): Effect of the studied treatments on calcareous soil content (%) of total calcium carbonate (T-CaCOy)
and its relative change (RC %)
° Control Humic acid (A) Oxalic acid (A)
soil |&S~ 0.10 0.20 0.40 0.10 0.20 0.40
Sol
No. gg % RC % % RC % % RC % % RC % % RC % % RC % % RC %
243 | -168 | 230 | -21.2 | 225 | -229 | 223 | -236 | 232 | -205 | 207 | -29.1 | 194 | -33.6
1 w2 220 | 247 | 212 | -274 | 205 | -29.8 | 180 | -384 | 200 | -31.5 | 204 | -30.1 | 19.2 | -34.2
w3 207 | 201 | 191 | -346 | 186 | -363 | 181 | -380 | 197 | -325 | 202 | -30.8 | 182 | -37.7
L.S.D at 0.05 A=0.55 B=0.48 A=0.53 B=0.46
w1 35.8 | -144 | 353 | -156 | 343 | -179 | 336 | -196 | 363 | -132 | 368 | -120 | 358 | -14.4
2 w2 337 | -194 | 331 | 208 | 332 | 206 | 326 | 220 | 344 | -17.7 | 341 | -184 | 334 | -201
w3 317 | 242 | 314 | -249 | 306 | 268 | 302 | -27.8 | 331 | -208 | 329 | -21.3 | 319 | -237
L.S.D at 0.05 A=0.45 B=0.39 A=0.41 B=0.35

Table (8): Effect of the studied treatments on calcareous soil content (%) of active calcium carbonate (A-CaCOy)
and its relative change (RC %)

I~ Humic acid (A) Oxalic acid (A)
s| .3 Control 0.10 0.20 0.40 0.10 0.20 0.40
Z| g¢
3| =3 % |RC%| % RC% | % RC% | % |[RC% | % RC% | % | RC% | % |RC%
(0]
1 11.6 | 208 | 118 | 229 | 11.9 | 240 | 119 | 240 | 113 | 177 | 1.3 | 177 | 115 | 19.8
1 w2 102 | 63 | 107 | 115 | 109 | 135 | 11.2 | 167 | 107 | 115 | 10.7 | 115 | 109 | 135
3 104 | 83 | 105 94 | 107 | 115 | 109 | 135 | 10.1 5.2 10.4 8.3 107 | 115
L.S.D at 0.05 A=0.31 B=0.27 A=0.37 B=0.32
1 11.0 | 1.9 | 125 | 157 | 129 [ 194 [ 131 | 213 | 112 37 11.6 7.4 12.3 | 139
> w2 105 | 28 | 115 6.5 115 65 | 11.9 | 102 | 104 37 | 109 0.9 11.0 | 19
3 105 | 28 | 109 0.9 11.0 19 | 117 | 83 | 106 19 | 107 | 09 | 109 | 09
L.S.D at 0.05 A=0.43 B=0.38 A=0.49 B=0.42
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Table (9): Effect of the studied treatments on calcareous soil content (mg/kg soil) of available phosphorous and its
relative change (RC %)

— Humic acid (A) Oxalic acid (A)
. o Control
o |5 o 0.10 0.20 0.40 0.10 0.20 0.40
3 3 | mg/k mag/k mag/k mag/k mag/k mag/k mag/k
3 |3 2 g_g RC % g_g RC % g_g RC % g_g RC % g_g RC % g_g RC % g_g RC %
o soil soil soil soil soil soil soil
W1 3.7 -59.8 3.7 -59.8 | 4.0 -56.5 4.1 -55.4 6.7 -27.2 6.9 -25.0 7.1 -22.8
1 W2 51 -44.6 5.3 -42.4 5.3 -42.4 54 -41.3 8.0 -13.0 8.2 -10.9 8.5 -7.6
W3 7.4 | -19.6 7.5 -185 | 7.8 -15.2 8.0 -13.0 8.5 -7.6 8.5 -7.6 8.8 -4.3
L.S.D at 0.05 A=0.29 B=0.26 A=0.40 B=0.35
W1 9.0 15.4 9.3 19.2 9.4 20.5 9.7 24.4 8.5 9.0 8.6 10.3 8.9 141
2 w2 9.1 16.7 9.1 16.7 9.2 17.9 9.3 19.2 9.7 24.4 10.0 | 28.2 | 10.2 | 30.8
W3 115 | 474 12.0 53.8 | 12.7 62.8 13.0 | 66.7 | 124 59.0 126 | 615 | 126 | 615
L.S.D at 0.05 A=0.46 B=0.40 A=0.48 B=0.41
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