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IVE COMPOST organic materials namely farm animal manure

(AMC), farm different plant residues (PRC), mixture of
AMC/PRC), farm poultry manure (PMC) and humic substance (HS)
and an alluvial and calcareous soils were used in this study. Organic
material/ soil system for each was prepared to evaluate Zn sorption by
the different OM/soil systems.

The data showed that Zn sorption by these OM/soil systems
increased with pH increase up to pH 8 .The different systems showed
marked variations in their capacity for Zn sorption. The relative
increase or decrcases for Zn sorption at pH 8 were 45.5, 36.4, 18.2,
9.1and 54.5% for AMC/s0il, PRC/s0il, AMPRC/s0il, PMC/soil and
1iS/s0il with soil No.1 {alluvial}, respectively. In the case of soil No.2
(calcarcous), these values were ~7.6,-7.6, -18.47.-72.8 and 45.65 %,
respectively.

The data also showed that Zn adsorption isotherm followed the
Langmiur equation especially at low Zn concentrations .

The values of adsorstion maximum (b) were higher with
AMC/PRC and the least with PMCand PRC/soil systems for both the
alluvial and calcareous soil. However, the bonding energy or affinity
{a) of OM/soil systems to Zn were higher with PMC/soil systems than
AMPRC/soil system for the two soils. These results suggest that
applying PMC manure 10 both alluvial and calcareous soil would
improve soil Zn supply to piants.

Keywords: Compost, Animal manure, Plant residucs, Poultry manure.
Humic substance, Alluvial soil, Calcareous soil, Zing,
Sorption, Adsorption, Isotherm, Bonding energy, Langmiur
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Organic matter of soil has an important role in improving the fertility of soil,
Because soil organic matler is consisting of various sources of organic materials,
its role for affecting nutrients status in soil, especially micronutrients, is very
complex. Since soils in Egypt are mostly poor in organic matter content and that
vast areas of cultivated soils are suffering Zn deficiency (Elscokkary, 1974), the
incorporation of organic fertilizers to soil could improve its physical and
chemical properties and consequently its fertility. Therefore, several stadies have
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been carried out in order to investigate the effect of organic material
incorporated with soil or clays on Zn adsorption, sorption, mobility from Zn
added to these sy stems ( Shuman, 1975; E lsokkary, 1 980; Waller & P ickering,
1997,and Alvarez ef al,, 1997). Therefore, the objective of this study was to
evaluate the effect of incorporation of different composted organic materials
with alluvial or calcareous soil on Zn sorption capacity of these soil systems
from applied Zn Cl,.

Material and Metheds

Used soils

Two soil samples (0-20cm) were collected from two different regions. The
first soil (soil No.1} was collected from Bahr El-Bakar region, EL-Sharkia
Governorate and it is an alluvial soil. The second soil (soil No.2) was collected
from El- Noubriya region and it is calcarecus soil . The two soils were air-dried,
ground finely and passed through 2 mm sieve and stored in polyethylene bags for
the experimental studies. The main chemical and physical characteristics of the
soils were determined according to the methods outlined by Page e al. (1982)
and the results obtained are shown in Table 1 .

Used organic materials

Five composted organic materials were used in this study which included: (1)
farm animals manure compost (AMC), (i) farm different plants residues
compost (PRC), (ili} Mixture of farm animals manure compost and farm
different plants residues compost with 1:1 ratio (AMC/PRC), (iv)Farm poultry
manure compost (PMC) and (v) humic substance (HS)obtained from AMC /
PRC mixture. Each organic material was air-dried, ground finely and passed
through 0.2mm sieve and stored in polyethylene bags for the experimental
studies. The main chemical characteristics of the five organic materials were
determined according to the methods reported by Inbar er al. (1990); Bertran &
Andreas (1994) ; Kaloosh {1995) and El - Kouny (1999) and the results obtained
are given in Table 2.

Preparation of organic material /soil systems

Organic material soil/ system (except HS) was prepared by mixing 12 gm
organic material with 1 kg soil. This system was kept wet, with addition of
distilled water to about 50% water holding capacity at room temperature (203},
The soil organic material system was let to stand for 3 months at constant
moisture content, then air-dried and ground to pass through 0.5 mm sieve and
stored in polyethylene bags for the experimental studies. According to this
technique, the obtained systems were (i} AMC /so0il,(i)) PRC/soil , (iil) AMC-
PRC/soil , (iv) PMC/soil.
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TABLE 1. The main chemical and phyiscal characterstics of the used soils .

EC* dS /m 130 4.10
PH** 7.50 8.50

Na® meq /] 8.50 4.50
K meq /1 1.00 1.50
Cat++ meq /1 1.90 33.50
Mg"* meq /1 1.66 1.60
HCO; meq /1 3.50 3.50
L meq /1 6.90 32.00
SO, meg /] 2.60 5.50
oM Y% 475 1.75
CEC  meg/100gm 2420 13.50
Total Zn mg/kg 46.00 35.00
Total Carbonate % 4.10 28.50

Particle size distribution;

C. sand %
F. sand Ya
Silt Y 15.25 55.01
Clay % 36.50 25.11
12.75 4.48
Soil texture 35.50 15.40
Loamy Clay Sandy Loam

*  Measured in water satured scil paste extract.
** Measured in 1:2.5 soil water suspension.

With respect to HS / soil systemn , 1 mg HS was mixed with ! Kg soil. This
sysiem was treated as previously mentioned with respect to temperature,
moisture content, preservation period, and storage. The main chermical
characteristics of the obtained organic material / soil systems were determined
according to the methods described by Schnitzer e a/. (1981); Shuman (1985)
and EL-Kouny(1999)

Zn sorption studies

Zn adsorption isotherm

One gram OM/Soil system was placed in a 50 ml centriiuge tube , an
aqueous solution containing 15 ml 0.I1M Ca Cl; and 15 ml Zn €1, (1.0m MLZ)
was added to the system. The pH of the system was adjusted as required by
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dilute solution of HCI or KOH . The suspension was shaken for 10 min using
reciprocal shaker and then placed in water bath at 25 °C for 24 hr. The tubes
were shaken for 10 min , centrifuged for 10 min , and the supernatant solution
was filtered through Whitman filter paper No.42 . The concentration of Zn was
measured in the filterate by atomic absorption spectrophotometer according to Li
and Shuman (1997). The amount of Zn sorbed was obtained by the difference
between Zn added and that measured in the supernatant solution. The same
technique was used to investigate the effect of pH and Zn concentration on Zn

sorption by OM/Seil systems . Each treatment was repeated in triplicates.

TABLE 2. The main chemical characteristics of the used organic materials .

550 370 450 520 n.d.
6.31 7.11 6.71 6.65 8.45
6.06 3.79 489 5.51 n.d
35.86 44.40 40.30 32.00 56.60
2.65 2.05 2.86 3.12 1.40
61.82 76.54 65.82 58.62 90.68
13.53 21.65 14.16 9.97 40.5¢
95.30 85.50 102.20 75.50 180.00
A 250.00 $0.00 170.00 325.00 25.00

Measured in 1:10 organic material- water ratio {extract).
** Measured in 1:5 soil water ratio (suspension).
n. d. — not determined

Effect of pH on Zn adsorption

The above same procedure used with Zn sorption isotherm was followed. The
required pH of the organic material/ soil system of the suspension was adjusted
using either dilute HC! or dilute KOH . The tested pH range varied from 4 o 8
with constant Zn concentration of 1.0 mML™" . The control treatment was carried
out using only soil without Zn addition. Each treatment was repeated in triplicate

Effect of Zn concentration of Zn adsorption

Zinc sorption isotherm was carried out at a constant pH and with increasing
7n concentrations:( 0.0, 0.1, 0.25, 0.50, 1.00, 2.0 and 4.00 mM™" ).The sorption
procedure was as the same as followed with Zn sorption isotherm. The sorbed
Zn was calculated as the difference between the Zn added and that measured in
the supernatant solution. Each treatment was repeated in triplicates. The Zn
sorption was examined for fitting the following Langmiur adsorption isotherm
equation :

c/x/m = 1, 1 c
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Where:
¢/x/m ;: amount of Zn adsorbed
b: adsorption maximum constant

a: affinity constant (bondy energy)

The I. angmiur ¢ cefficient was ¢ alculated and the treatment c oefficient was
separated using the homogeneity of slope test .

Results and Discussion

Effect of pH on Zn sorption

Table 3 shows the amounts of Zn sorbed by the different organic material/
soil systems. It is clear that Zn sorption had increased with increasing pH of
these systems. It has been reported that Zn is probably retained on nonspecific
sites throughout the pH range of soils (Harter, 1983). Also, Anderson and
Chritensen (1988) showed that the pH is the most important in controlling Zn
mobility in soils. Elssokkary (1980) found that high soil pH decreased the
solubility of Zn and that the amount of sorbed Zn usually was high . Shuman
(1980) has attributed that, at near-neutral a lkaline pH, Zn is retained either to
surface precipitation or sorption by soils .It has been also, reported that organic
matter plays a major role in the soil retention of Zn {(Shuman, 1980 & 1997, and
Kabata-Pendias and Pendias, 1992) . However, organic complexation could lead
to increased mobility in the soil since Zn is known to form stable complexes with
fulvic acid (Kabata-Pendias and Pendias, 1992) .As shown in Table 3, increased
Zn sorption occurred by organic material/ soil system. The increased sorption
capacity of mineral soil organic system is attributed to exposed edges as well as
to the presence of carboxylate and phenolic groups on the surfaces. Goh et al,,
(1986) demonstrated decreased Zn sorption by semectite in the presence of fulvic
acid. Evidenece of bonding mechanisms seems to be related to carboxylate
groups, phenolic OH groups, and N pair electrons which are dominant sites
(Stevenson & Fitch, 1981 and Fitch & Du,1996).

Table 3 showed that the untreated soil No.l1 (alluvial; loamy clay soil)
sorbed lower levels of Zn than soil No.2 {calcareous; sandy loam soil) especially
at pHs 7 and 8. This could be due to the presence of higher portion of carbonate
in soil No.2 and consequently to higher sorption sites for Zn. It can be suggested
that chemosorption of Zn or combination of chemosorption and preciptation of
Zn athigh pHs (7,8) are the mechanisms increasing Zn sorption by these two
soils. Pulford(1986) has argued that Zn reactions with soils involve both surface
adsorption and a precipitation mechanisms. The highest sorption of Zn by soil
No.2 (calcareous, sandy clay soil) is due to Zn co-precipitation with carbonate of
soil (Jurinak and Bauer, 1956).

Figures land 2 showed that incorporating the organic materials with soils
increased Zn sorption by the organic material/soil system at all pH values. It is
clear that the effect of organic materials was more pronounced at all pH values.
For soil No.1 and at pH 8§, the incorporated HS/soil system sorbed the highest Zn
level while PMC/soil system sorbed the lowest. The Zn sorption capacity of the
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different organic materials incorporated with No.1 can be arranged in the order:
HS>AMC>PRC>AMPRC=>PMC .1t is clear that incorporation of PMC decreased
Zn sorption by soil No.1 at pH 8 form 55 (the control soil) to SOmM/ kg (the
PMC/s01l system) . The selection of pH 8 for this comparison is due to that this
value is dominant for alluvial Egyptian soils. In the case of soil No.2 (calcareous
soil) it is clear from Fig. 2 that the untreated soil (control soil) sorbed the highest
level of Zn as compared with the organic material treated soil systems. The
PMC/ soil system showed the lowest capacity for Zn sorption while the
AMC/so0il system showed the highest. The sorption capacity for Zn by the
different organic material /soil system of soil No.2 can be arranged in the order:
AMC=PRC>AMPRC> HS>PMC at soil of pH 8. This indicated that
incorporation of PMC with the calcareous soil decreased significantly the
amount of Zu sorbed by seil .

Table 3 showed that incorporation organic material with the alluvial soil
significantly increased Zn sorption except PMC/ soil system where it decreased.
However, all organic materials decreased Zn sorption by the calcareous soil. It is
clear that PMC was the must effective in decreasing Zn sorption by the two soils
and consequently increasing Zn availability,

TABLE 3. The relative increase or decrease (%) of zinc sorption by the different organic
material (OM)- soil systems with respect to the control soil at pH 8.

OM / Soil System Studied soil

Soil No.1 Soil No.2

Control/soil 100.00 100.00

AMC/soil 45.50 -7.60

PRC/soil 36.40 -7.60

AMPRC/soil 18.20 -18.47

PMC/soil -5.10 -72.82

HS/soil 54.50 45.65

Zn sorption isotherm

Figures 3-6 and Table 4 show Zn sorption by the different organic materials/
soil systems. It is clear that the data fit Langmiur adsorption isotherm especiaily
at the low concentration of Zn in the equilibrium solution. For organic material/
soil system of soil No.1, it is clear that PRC /soil an PMC/soil systems showed
low value of “ b {adsorption maximum) as compared with HS, AMC, AMPRC /
soil systems. Thus, the values of “b>’ can be arranged in the order for the
different organic material/soil systems: AMPRC > HS > AMC > PMC > PRC.
However the bonding energy and affinity (a) of the systems to Zn can be
arranged in the order: PRC>PMC>AMC>HS >AMPRC. For organic /soil system
of soil No.2 , it is clear that PRC /soil and PMC/soil system showed low value of
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“b"” (adsorption maximum) as compared with the other systerns Thus , the
values of “b"’ can be arranged in the order : AMPRC>HS>AMC >PMC>PRC.
However, the bonding energy or affinity for Zn by the different organic
materials/soil systems can be arranged in the order: PRC>PMC>AMC>HS
>AMPRC,

TABLE 4. Langmiur isotherm for Zn adsorption maximum (b) and bonding energy
(affinity) constant (a)for the different systems fer soil No.1 and soil No.2.

Soii No.1
' Control Y=0.011+0.304x 32.88 2.55
AMC Y=0.019+0236x 42.25 1.99
PRC ¥=0.010+0.0377x 26.50 3.45
AMPRC Y=0.025+0.0213x 46.75 0.85
PMC Y=0.012+0.0306x 32.60 2.55
HA Y=0.022+0.0277x 4395 0.99

Soil No.2
Control Y=0.011+0.0221x 30.20 2.85
AMC Y=0.011+0.0316x 31.60 2.70
PRC Y=0.012+0.0456x 22.22 3.75
AMPRC Y=0.017+0.0258x 36.75 150

PMC Y=0.01210.0332x 30.11 285
HA Y=0.015+0.0286x 34.90 1.80
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