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Table 1. Some physical and chemical properties of the two soil samples used in this study.

i s EC S
_ B grve oS (.,,‘.lSu .
ey Cu S oA K P ) colaa
SASelas S Seskas el pH Joles =l
Mn 7 Zn  Fe 7 ol S
DTPA L el i oc o d= CaCOs  texture
mg kg’l mg kg’l mg kg’l % dSm?! gkg'l
Yy S
7.33 1.27 083 4.78 187 10.2 0.43 0.86 7.49 172.5 o4
loam soil 1
Y Sk
21.67 3.46 5.34  26.1 966 94.3 0.52 1.67 7.54 174.6 o4

loam soil 2

Sal S gs ;3 EC 5 pH Lldie  dewl sla ke doly =Y Jgd
%0 2 S = q

Table 2. Effect of acid treatments on the pH and EC of two calcareous soils.

Y wd ‘ (‘/_y‘
A ls o
(uS.em™) EC pH MmM) el chlale Al
Y Sl ) Sl Y Sl ) Sl acid concentration Acid
Soil 2 Soil 1 Soil 2 Soil 1
11901 586 7.75%® 7.65° 1
& -
2130 ¢ 1054 7.16¢ 7.07¢ 5 t’“
Citric
2894 © 1438 ° 6.91¢ 6.82°¢ 10
11307 5378 7.81° 7.7° 1
Sl
2221 ¢ 1101 ¢ 7.37% 7.28°¢ 5 -
acetic
2945 © 1435° 7.18°¢ 7.09¢ 10
10344 487 ¢ 7.80 2 7.75%® 1
ey
1436 " 665 7.42° 7.33°¢ 5 1’5
oxalic
1693 f 823 ¢ 7.19°¢ 7.10% 10
15718 756 °f 7.68 % 7.58° 1
<
3456 ° 1504 ° 6.95¢ 6.86° 5 ;ﬁr >
su 1C
4114° 2080 ° 6.63°¢ 6.54 " 10
1254 601 7.56° 7.47°% 1
< s
15918 775 ¢ 6.70 6.61° 5 *’w,
phosphoric
1989 ¢ 981 ¢ 6.33F 6.25¢ 10
k a a el
857 420 ¢ 7.84 7.91 0
control

s Sl e M| SUUSG L s gy e L3 (oLl Sl O a3 oslize i
Means with different letters within the same column are significantly different (LSD, P<0.05).
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Table 3. Effect of acid treatment on the release of P and K from two calcareous soils.

(mgkg") el (mgkg") e
K P (mM) sl clals W
Y Sk \ S Y Sk \ S acid concentration Acid
soil 2 soil 1 soil 2 soil 1
11248 2.81 M 0.561 0.25¢ 1
1712°F 6.69 ¢ 2.42°¢ 1.21°¢ 5 S
citric
179.6F 6.56 ¢ 2.54°¢ 1.32°¢ 10
2712 °¢ 5.53°¢ 2.17° 1.21°¢ 1
Sl
3323 8.89° 4.11¢ 2.18¢ 5 il
acetic
363.3° 9.68 % 4234 2.114 10
107.18 2.341 0.631 0.28¢ 1
SIS
167.2°F 6.454 1.21¢ 0.67° 5 i 1’5
oxalic
183.2°F 6.72¢ 1.10¢ 0.73f 10
1742 F 2.85" 0.279 0.21¢ 1
<
262.7°¢ 3.21¢ 0.97" 0.82° 5 ;ﬁr 7
su 1C
3515°¢ 4.42° 1.03" 0.78 10
311.2¢ 439" 6.41°¢ 4.92°¢ 1
< s
434.6° 7.21°¢ 17.58° 11.62° 5 2
phosphoric
673.7° 9.67° 28.22° 19.37° 10
. . dals
98.91 ¢ 2,72 033} 0.24¢ 0
control

s Sl e M| SUUSG L s gy e L3 (oLl 3l O a3 oslie i
Means with different letters within the same column are significantly different (LSD, P<0.05).
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Table 4. Effect of acid treatments on the release of Ca and Mg from two calcareous soils.

((mg.kg’l) (e (mg.kg’l) rm.ls
Mg Ca (mM) el clale Al
Y S \ S Y S VS acid concentration Acid
soil 2 soil 1 soil 2 soil 1
2641 375 @ 452 ¢ 619 F 1
& -
432° 542°¢ 721 ¢ 895 ¢ 5 il
citric
741 ¢ 850 ° 1234 © 1433 ¢ 10
395 < 499 t 658 ¢ 832°¢ 1
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Means with different letters within the same column are significantly different (LSD, P<0.05).
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Table 5. Effect of acid treatments on the release of NO; and NH," from two calcareous soils.
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Means with different letters within the same column are significantly different (LSD, P<0.05).
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Table 6. Effect of acid treatments on the release of Fe and Zn from two calcareous soils.
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soil 2 soil 1 soil 2 soil 1
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Means with different letters within the same column are significantly different (LSD, P<0.05). nd: not detectable.
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Table 7. Effect of acid treatments on the release of Cu and Mn from two calcareous soils.
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Means with different letters within the same column are significantly different (LSD, P<0.05). nd: not detectable.
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Abstract

Background and Objectives: Effect of organic and inorganic acids in calcareous soils of Iran
has not been properly investigated. The aim of this study was to evaluate the effect of organic
acids of acetic, citric and oxalic acid and mineral acids of sulfuric and phosphoric acid on the
soil pH and EC and release of essential nutrients in soil solution.

Materials and Methods: To investigate for releasing nutrient by organic and inorganic acids,
the two calcareous loamy soil samples were used. Extraction of soil with solutions of citric,
acetic, oxalic, sulfuric and phosphoric acid in concentrations of 1, 5 and 10 mM (25 ml of
solution and 10 grams of soil) and deionized water as control for 1 hours was done. The pH
value and electrical conductivity of solutions were measured immediately after extraction.
Concentrations of potassium, phosphorus, calcium, magnesium, ammonium, nitrate, iron, zinc,
copper and manganese was measured in the obtained extract.

Results: In general, the pH value of the soil extractions decreased after one hour between 0.03
to 1.66 unit. The pH reduction was almost the same in both soils. The pH value was reduced
with increasing acid concentration. Phosphoric acid treatment with 10 mM concentration in both
soil samples showed the greatest decrease in pH. Various concentrations of organic and
inorganic acids had a significant positive effect on released phosphorus, potassium, calcium,
magnesium, nitrate, ammonium and micronutrients. The highest released P, Ca, Mg and
ammonium with amount of 4.23, 1078, 2797 and 67.2 mg per kg of soil respectively and also
the highest amount of Zn and Cu with amount of 61 and 74 pg per kg of soil was seen in 10 mM
concentration of acetic acid in soil 2. The highest released K and nitrate with amount of 673 and
247 mg per kg of soil respectively was seen in 10 mM concentration of phosphoric acid in soil
2. The highest released Fe and Mn with amount of 5420 and 10320 pg per kg of soil
respectively was seen in 10 mM concentration of citric acid in soil 2.

Conclusion: The results of this study showed that the use of organic and inorganic acids in the
soil, depend on acid type caused the release of essential nutrients in short time (1 hour) in the
soil solution. Also phosphoric acid has the greatest effect on soil pH reduction.

Keywords: Acetic acid, Citric acid, Oxalic acid, Phosphoric acid, Sulfuric acid
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