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ABSTRACT
Desorption of Zinc from soil is one of the important factors that control Zn bioavailability. To investigate the
effects of salinity and organic matter on the kinetic release of Zn in a calcareous soil under maize cultivation, an
experiment was carried out in greenhouse condition as a 3×4 factorial arranged as completely random design
with 3 replications. Factors included three salinity levels (0, 15 and 30 Meq kg-1 salt supplied as NaCl, CaCl2 and
MgCl2 with 3:2:1 proportion, respectively) and four organic matter treatments [without organic matter, cow
manure (2 % w/w), wheat straw (2 % w/w) and cow manure + wheat straw (1:1 ratio)]. Soil samples were
extracted using DTPA extractant for periods of 0.5, 1, 2, 6, 12 and 24 hours. The organic matter treatments
increased the magnitude of released Zn compared to control (without organic matter). The most and the least
increase observed in CW (2.3 folds) and WS (19.7 %) treatments respectively. Zinc release rate increased
compared to control and the highest increase observed in CM+WS (2.7 folds) treatment. Zinc release rate was
decreased and the magnitude of released Zn was increased by increasing of salinity levels. Simple Elovich
equation was determined as the best kinetic model for describing released Zn. The possible mechanism that
controls the Zn release from calcareous soil could be through diffusion.
Keywords: Elovich equation, diffusion, cattle manure, wheat straw..

INTRODUCTION

calcareous and saline soils having high levels of pH and
calcium (Alloway, 2004). Crop residues and bestial waste

Zinc (Zn) is an important nutrient element for humans

are usually cheap and easily accessible organic residues

many

biochemical

and

whose application to agricultural soil could lead to soil

living

organisms.

Zinc

improvement. However, they may also influence the

deficiency is common in high pH, low organic matter,

distribution of Zn between different fractions (Clement and

carbonatic, saline and sodic soils (Rattan and Sharma,

Bernal, 2006). Ramos (2006) reported that the addition of

2004). Salinity is a major abiotic environmental stresses

composted manure (2 % w/w) to soil caused the Zn-DTPA

that limits growth and production in arid and semi-arid

extractable to significantly increase about 72 % over similar

regions of the world. Bioavailability of Zn is low in

untreated soil.

and

plants

physiological

that

controls

functions

of

Zinc uptake by plants requires the release of Zn from
1.2.3.5
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the adsorption surface sites of soil particles or through the
dissolution of minerals containing Zn (Uygur and Rimmer,
2000). Thus, the release rate of Zn into soil solution is a
very important factor in the regulation of Zn supply for
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Diethylene

triamine
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pentaacetic

acid (DTPA)

(Gee and Bauder, 1986); pH of saturated paste (Thomas,

extractant is typically used to estimate Zn availability in

1996); electrical conductivity (ECe) of saturation extract

calcareous soil (Lindsay and Cox, 1985). The influence of

(Rhoades, 1996); organic carbon (OC) by oxidation with

organic matter on the Zn availability using DTPA

chromic acid and titration with ferrous ammonium sulfate

extractant was previously evaluated (Ramos, 2006; Karaca,

(Nelson and Sommers, 1996); calcium carbonate equivalent

2004) but less attention has been paid to kinetics of Zn

(CCE) by neutralization with hydrochloric acid and titration

release by DTPA extractant over time by addition of

with sodium hydroxide (Loeppert and Suarez, 1996);

organic matter residue. Zahedifar et al. (2012) showed that

available phosphorous (P), potassium (K), and zinc (Zn) by

-1

the addition of manure (10 g kg soil) in some calcareous

extracting them with sodium bicarbonate (Olsen et al.

soil increased the rate of Zn desorption from soil. Few

1954), ammonium acetate (Helmke and Sparks, 1996), and

reports on the effects of salinity on the availability and

diethylene triamine pentaacetic acid, DTPA (Lindsay and

desorption kinetics of Zn are available (Ravikovitch et al.,

Norvel,

1968; Page et al., 1996; Qadir et al., 1997). Rupa et al.

concentrations by spectrophotometry, flame photometry

(2000) reported that increasing the salt concentration led to

and atomic absorption, respectively.

1978)

and

determining

their

elemental

increase Zn desorption from soil due to ion competition on
soil exchangeable sites. Different kinetic equations have

Organic matter characteristics

been used to describe the release kinetics of nutrients

The organic matters used in this study were cattle

(Sparks, 1989). Reyhanitabar and Gilkes (2010) found that

manure (CM) and wheat straw (WS) that differed in zinc

the power function model was the best equation to describe

content and other properties. Organic matters were air-dried

the release of Zn from some calcareous soil of Iran,

and analyzed for some chemical characteristics. Both pH

whereas Baranimotlagh and Gholami (2013) stated that the

and EC were measured in 1:5 organic matter and water

best model for describing Zn desorption from 15 calcareous

suspension. Standard methods of analysis were performed

soils of Iran was the first-order equation.

to measure organic carbon (Nelson and Sommers, 1996),

Therefore, a greenhouse experiment was carried out to

total nitrogen (Bremner, 1996) and total phosphorous

study the effects of salinity and organic matter on Zn

(Chapman and Pratt, 1961), respectively. The concentration

release pattern, determination of the best kinetics models to

of Zn was measured with an Atomic Absorption

describe Zn release from a calcareous soil after corn

spectrometer after ashing at about 500-550 ºC and

cultivation and the magnitude and release rate of Zn using

dissolving the ash into 20 % HCl (Table 2).

constants of superior kinetics models.
Greenhouse pot experiment
MATERIALS AND METHODS

A factorial experiment as completely randomized

Soil characteristics

design was set up with three replications. Factors included

A composite sample of bulk soil from the surface

three salinity levels (0, 15 and 30 Meq kg-1 salt supplied as

horizon (0-30 cm) of a calcareous soil from southern part of

NaCl, CaCl2 and MgCl2 with 3:2:1 proportion, respectively)

Iran was collected, air dried, passed through 2 mm sieve,

and four organic matter treatments [without organic

and thoroughly mixed. Routine soil analysis (Table 1) were

matter(C), cow manure (2 % w/w) (CM), wheat straw (2 %

performed to determine soil texture by hydrometer method

w/w)(WS)

-710-

and

cow

manure

+

wheat

straw

(1:1
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ratio)(CM+WS)]. The experiment was conducted in the

centrifuge tube and extracted with 20 mL of DTPA

greenhouse of agriculture college of Shahid Chamran

extractant on an end over-end circulatory shaker for periods

University, Ahvaz, Iran. Separate plastic bags were filled

of 0.5, 1, 2, 6, 12, and 24 h at 25±2 ºC. After shaking, the

by 7 Kg weight samples of the collected soil and then,

samples were centrifuged immediately for 10 min and

organic treatments based on aforementioned experimental

supernatants were filtered through Whatman filter paper

design were added to Soil. Then, the soil in the plastic bags

No. 42. The filtrate was analyzed for Zn using an atomic

was mixed thoroughly and transferred into 8 Kg plastic

absorption spectrometer (AAS) equipped with an air-

pots. Soil moisture was maintained at field capacity for two

acetylene flame at 213.9 nm wavelength. Cumulative Zn

weeks by distilled water. Then, nitrogen (N), phosphorous

released (q) as a function of time (T) was evaluated using

(P), and potassium (K) were added to soils supplied as urea

seven different kinetic models (Table 3). A relatively high

-1

values of coefficient of determination (r2) and low values of

soil) and potassium sulphate (100 mg kg-1 soil) based on

standard error of estimate (SEE) were used as criteria for

soil test results respectively. Seven corn seeds (Zea mays L.

the selection of the best fitted models. Standard errors of

cv. Hybrid 704) were planted at about 2 cm soil depth.

estimate were calculated as follows:

Three weeks after emergence, plants were thinned to two

SE = [Σ (q – q*) 2 / (n – 2)]

plants per pot. . Afterwards, to prevent osmotic stress due to

Where q and q* represent the measured and predicted

salinity, the amount of each salt at each salinity level was

Zn released, respectively and n is the number of

gradually added to irrigation water only during the fourth

observations. Various Zn release rate parameters were

week of plant growth. During the experimental period,

subsequently obtained from fitted equations.

(400 mg kg

-1

soil), simple superphosphate (200 mg kg

distilled water (without drainage) was used to maintain
moisture content about 80 % of field capacity by regular

Statistical analysis

weighting. Pots with no plants were used as a negative

Statistical analysis of data was done using MSTATC

control for soil salinity levels during the experiment. Range

package (Mstatc, 1991). Comparison between means was

of soil saturated electrical conductivity (ECe) in S0, S1 and

performed using Duncan's multiple range test (DMRT) at

S2 treatments during the experiment were (1.9-2.2), (4.6-

the significant level of P < 0.05. Also, charts were drawn by

-1

5.5) and (7.8-8.6) ds m , respectively. At day 70, the plants

excel computer package.

were uprooted from soil. Then, the rhizospheric soil was
air-dried, grinded, sieved with 2 mm sieve, thoroughly

RESULTS AND DISCUTION

mixed and transported to the laboratory for testing of zinc

Zinc release pattern

release kinetics.

Investigation of Zn release patterns showed that the
control and all treated soils had a uniform pattern of Zn

Kinetics study

release. Overall, Zn release patterns were generally

Release kinetics study was carried out using DTPA

characterized by an initial fast reaction at first two hours,

solution (Linsay and Norvel, 1978), containing 0.005 mol

followed by slower continuing reaction. For example, Zn

−1

release pattern at S2 salinity level as affected by different

CaCl2 at pH = 7, as an extractant as follows: 10 g triplicates

organic treatments is shown in figure 1. This is in

of each soil sample/ a treatment were placed in a 50-mL

agreement with results reported by Dang et al. (1994) and

L

−1

DTPA, 0.1 mol L

−1

triethanolamine, and 0.01 mol L
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Zahedifar et al. (2010) for Zn and Ghasemi-Fasaei et al.

treated soils to describe zinc release kinetics. Assessments

(2009) for manganese (Mn). Average of the released zinc in

of models were performed with respect to the determination

the first two hours was 76 % (Table 4). Also, there was a

coefficient (r2) and standard error of estimate (SEE).

significant positive correlation (0.99**) between available

Equations that had the greatest amount of r2 and minimum

zinc (released by DTPA during 2 hr) with total amount of

SEE were selected as the best models to describe zinc

released zinc during 24 hours. Therefore, release of zinc

release kinetics (Havlin et al., 1985). The mean and the

from soil was initially rapid (2 hours) and then continued

range of r2 and SEE of applied kinetic equations are shown

with a slower rate. It seems likely that the release of zinc is

in table 5. In order-kinetic models (zero, first, second and

controlled by two different mechanisms; two-step process

third orders), by increasing of reaction times from zero to

of releases (rapid and subsequent slow) is attributed to the

three, r2 was reduced. Also, SEE in the third order-kinetic

existence of places with different energy (Lehmann and

model was greatest. This indicates that the efficiency of

Harter, 1984). The initial rapid release of heavy metals

order-models to describe the release of Zn is decreased by

from soil represents the release of these elements from

increasing the reaction time, so, in this experiment; order-

water-soluble forms or absorption places that have low

kinetic models didn’t have good description of Zn release

binding energy (exchangeable) and in following, the slow

from soil. This is consistent with results of Dang et al.,

release shows the release of them from the places with

(1994) who reported that desorption of Zn from vertisols

higher binding energy and other forms of the elements that

was

are associated with the exchangeable form (Kandpal et al.,

Respectively,

poorly

described
Simple

by

Elovich,

order

kinetic

power

models.

function

and

2

Reyhanitabar et al., (2010) investigated zinc

parabolic diffusion models had the highest r and the lowest

adsorption of some calcareous soil of Iran, and they

SEE, so, these models had a good estimation of zinc release

concluded that the best model that can explain Zn

from soil. These results are in close agreement with the

adsorption onto these soils was two-surface Langmuir

findings of Dang et al., (1994) who reported that the

model, therefore, the release of zinc can be taken place

appropriate kinetic models to describe Zn release from their

from two sites with different energy levels. Ghasemi-

studied vertisols were power function, parabolic diffusion

Phasaei et al. (2007) reported that two different

and simple Elovich equations. Also, Zahedifar et al., (2010)

mechanisms controlling the release of copper in some

revealed that the two-constant rate, parabolic diffusion and

calcareous soils of Iran; they claimed that copper initially

simple Elovich equations were the best models for

releases from coarse aggregate or outer surfaces of fine

describing Zn desorption in their studied calcareous soils.

aggregates quickly and subsequently will slowly continue

Reyhanitabar and Karimian (2008) observed that the power

with the diffusion of the inner surfaces of the fine and

function and simplified Elovich were the best equations

coarse aggregates.

used to describe copper (Cu) desorption from some

2005).

calcareous soils of Iran. Ghasemi-Phasaei et al., (2009)
Fitting of data on kinetic models

concluded that simplified Elovich, power function and

Zinc desorption data for the period of one half to twenty

parabolic diffusion equations were the best fitting equations

four hours were fitted to seven kinetic models (zero order,

to describe Mn desorption in some highly calcareous soils

first order, second order, third order, power function,

of Iran. Reyhanitabar and Gilkes (2010) reported that

parabolic diffusion and simple Elovich) in control and

conformity of Zn release data to both parabolic diffusion
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and Elovich kinetic models represents a possible control of

significantly increased by application of all three organic

Zn release from soil by diffusion phenomena. Aharoni et

matter treatments compared to control. The highest increase

al., (1991) stated that conformity of release data to the

observed in CM treatment (227 %) and the lowest increase

Elovich equation could suggest a heterogeneous diffusion

was in the WS treatment (Table 7). This may be attributed

process. Pavlatou and Polyzopoulos (1988) reported that

to the greater contribution of mineralized Zn by CM and its

the Elovich equation applies to the reactions that are

Zn content. At S0 and S1 salinity levels, the amount of q0

controlled by diffusion phenomena. Havlin et al., (1985)

constant was in the order: CM > CM+WS > WS > C while

argued that conformity of release data to both two-constant

at S2 salinity level was as CM > CM+WS > WS = C.

rate and parabolic diffusion kinetic models, indicating the

Generally, the application of salinity and organic matter

presence of more than one mechanism for controlling the

increased the magnitude of released Zn in the soil (table 7).

release of the elements. Among the three selected models,

The main effects of salinity and organic matter treatments

2

simplified Elovich based on the highest r (0.95) and the

on Kp constant were statistically significant (at p ≤ 0.01)

lowest SEE (0.049), was the top model for describing Zn

while their interaction effects weren’t significant (Table 6).

release. Given the above, it probably seems that diffusion

The amount of Kp constant was significantly decreased by

from two surfaces with different absorption energy controls

increasing of salinity levels, so that, from 0.188 (mg kg-1 hr-

desorption of Zn from our studied soil; so that, a quick

0.5

diffusion mechanism from soil particles surfaces with low

salinity level. Also, this constant was increased by

absorption energy is done initially and subsequently, slow

application of all three organic treatments compared to

diffusion from the inner surfaces with high bond energy

control significantly. The highest increase was in CM+WS

will be prevail.

treatment and the lowest increase observed in WS treatment

) at S0 salinity level reached to 0.177 (mg kg-1hr-1) at S2

(Table 7), therefore, the applied organic materials caused
the Zn release rate to increase and salinity caused it to

Effect of organic matter and salinity on zinc

reduce.

desorption using constants of two selected kinetic

In simplified Elovich model, ae and 1/β constants

models
Because of Zn release from soil was possibly controlled

showed the immediate or initial Zn release rate constant and

by diffusion phenomena, so, the effects of organic matter

Zn release rate coefficient respectively. The main effects of

and salinity on Zn desorption kinetic were investigated by

salinity and organic matter treatments and their interactions

the use of constants of parabolic diffusion and simplified

on ae constant were statistically significant at p ≤ 0.01

Elovich

diffusion

(Table 6). By increasing the levels of salinity, the amount

phenomena. In parabolic diffusion equation, q0 and Kp

of ae constant was significantly increased. Also, the

constants, indicate the amount of initial Zn release at t = 0

application of all organic treatments caused ae constant to

and diffusion rate constant of Zn respectively. The main

increase compared to control significantly (Table 8). The

effects of salinity and organic matter and their interactions

highest increase was in the CM treatments while the lowest

on q0 constant were statistically significant at p ≤ 0.01

increase observed in the WS treatment. In general, the

(Table 6).

magnitude of released Zn was increased by application of

models

which

are

affected

by

The amount of q0 constant was increased by increasing

organic matter and salinity treatments (Table 8). The main

of salinity levels significantly. Also, this constant was

effects of salinity and organic matter and their interactions
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on 1/β constant were statistically significant at p ≤ 0.01

was reduced by 86 % in the presence of dissolved organic

(Table 6). 1/β constant was significantly reduced by

matter in Fronlich equation. It represents strong inhibitory

increasing the levels of salinity. This constant was

effect of dissolved organic matter on Zn sorption. Sadegh et

increased compared to the control significantly by

al., (2010) reported that the amount and release rate of Cu

application of all organic treatments. The highest increase

were increased by poultry manure application and were

observed in CM+WS treatment while the lowest increase

decreased by the application of pistachio compost

was in Ws treatments (Table 8). The interaction effects

compared to the untreated soil

showed that 1/β constant was reduced by increasing of
salinity level, in CM and CM+WS, while in WS, it was

CONCLUSION

increased. Generally, the increase of salinity levels caused

The research results showed that Zn release patterns in

the Zn release rate to decrease and application of organic

the control and all treated soils were generally characterized

matter caused it to increase.

by an initial fast reaction at first two hours, followed by

Zahedifar et al., (2012) reported that there was a

slower continuing reaction. Among the tested models, the

positive significant relationship between between ECe and

simple Elovich equation was the best model for describing

initial Zn desorption rate constant (a) of two-constant rate

Zn desorption from the studied soil, however, parabolic

equation in fifteen calcareous soils of southern Iran.

diffusion and power function models had also good

Furthermore, they concluded that there was a positive

description of Zn release. It seems that the possible

significant correlation in their studied soils between soil

mechanism controlling the Zn release in the tested soil is

organic matter (SOM) and Zn release rate of Elovich

diffusion phenomena. The magnitude of released Zn was

equation (1/β). Rupa et al., (2000) reported that increasing

increased compared to the control by the addition of all

the salt concentration increased the magnitude of Zn

organic treatments significantly. The highest increase

desorption from soil. They argued that it was in resulting

observed in CM treatment and the lowest increase was in

ions competition for occupancy of exchangeable sites.

the WS treatment. This may be attributed to the greater

Mandal et al., (2000) investigated the effects of moisture

contribution of mineralized Zn by CM and its Zn content.

regime and organic matter on zinc release in corn and rice

By application of all organic treatments, Zn desorption rate

cultivation and they stated that Zn release in wetting and

was increased compared to the control and the highest

drying moisture regime was increased by the application of

increase observed in CM+WS treatment. Therefore, results

organic matter but in saturation moisture regime was

from this study indicated that organic matter not only

reduced. Schmitt et al., (2002) reported that the presence of

decreased Zn retention of the soil but also increased Zn

natural organic matter in the soil decreased adsorption of

release in the soil solution and it can be have a significant

Zn. Shamshad et al., (2014) who investigated the effects of

impact on the supply of Zn to plants, especially in

dissolved organic matter from corn straw on the adsorption

calcareous soils. In general, Zn desorption rate was

of Zn, expressed that the distribution coefficient (K) of Zn

decreased by increasing of salinity levels.
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Table 1. Some physical and chemical characteristics of the studied soil:
Characteristics

Values

Soil texture
pH
EC (dS m-1)
OC (%)
TN (%)
CCE (%)
Available Phosphorous (mg kg-1)
Available potassium (mg kg-1)
Available Zinc (extracted by DTPA) (mg kg-1)

Silty clay loam
7.8
2
0.7
0.06
43.2
12
104
0.5

Note: pH: the negative of the logarithm to base 10 of the activity of the hydrogen ion,
EC, electrical conductivity of saturation extract; OC, organic carbon; TN, total
nitrogen; CCE, calcium carbonate equivalent
Table 2. Some chemical properties of the organic matters used in this study:
Characteristic
-1

EC (dS m )
pH
OC (%)
TN (%)
TP (%)
TZn (mg kg-1)

CM
7.2
7.9
21
2.14
0.58
203

WS
7.4
6.5
30
1.4
0.08
18

Note: EC, electrical conductivity of saturation extract; OC, organic carbon; TN, total
nitrogen; TP, total phosphorous; TZn, total zinc; CM, cattle manure; WS, wheat
straw.
Table 3. Kinetic models used to describe time -(t) dependent cumulative amount of Zn release (qt) from soil
Model
Zero order (Martin and Sparks, 1983)

Equation
qt = qo- kot

First order (Martin and Sparks, 1983)
Second order (Martin and Sparks, 1983)

Ln qt = Lnq0- k1t
1/qt =1/qo- k2t

Third order (Martin and Sparks, 1983)

1/qt =1/q02- k3t

Parabolic Diffusion (Havlin et al., 1985)

qt = qo + kpt0.5

Power function (Havlin et al., 1985)

qt = atb
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Parameters
ko, zero-order rate constant
(mg Zn kg-1s-1)
k1, first-order rate constant (s-1 )
k2, second-order rate constant
[(mg Zn kg-1)-1]
k3, third-order rate constant
[(mg Zn kg-1) -2]
Kp, diffusion rate constant
(mg Zn kg-1h-0.5)
a, initial Zn desorption rate constant
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Simple Elovich (Havlin et al., 1985)

(mg Zn kg-1h-1)b and b,
desorption rate coefficient
[(mg Zn kg-1)-1]
ae, initial Zn release rate constant
(mg Zn kg-1)
1/β, zinc release rate coefficient
(mg Zn kg-1 h-1)

qt = ae +1/β lnt

Table 4. The amount of Zn release (mg Zn kg-1 soil) at 2 and 24 hours and their ratio in different
treatments:
Treatments
CS0
CS1
CS2
(WS)S0
(WS)S1
(WS)S2
(CM)S0
(CM)S1
(CM)S2
(CM+WS)S0
(CM+WS)S1
(CM+WS)S2
Mean

Zinc release within 2
hours
0.68
0.72
0.79
0.80
0.86
0.87
2.07
2.30
2.38
2.12
2.15
2.22
1.50

Zinc release within
24 hours
0.85
0.90
0.91
0.99
1.08
1.08
2.84
2.94
3.01
2.95
2.97
3.05
1.96

The ratio of zinc (2hr) to zinc
(24hr)
0.80
0.80
0.72
0.81
0.79
0.80
0.73
0.78
0.79
0.72
0.72
0.73
0.76

Note: C, control, S0, without salt; S1, 15 Meq salt kg-1 soil; S2, 30 Meq salt kg-1 soil; CM, cattle
manure; WS, wheat straw.
Table 5. The range and the mean of coefficients of determination (r2) and standard error of
estimate (SEE) of applied kinetic models associated to all treatments
r2
Kinetic models
Zero order
First order
Second order
Third order
Parabolic diffusion
Power function
Simple Elovich

Range
0.57-0.86
0.49-0.81
0.38-0.76
0.30-0.70
0.74-0.95
0.79-0.99
0.87-0.99
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SEE
Mean
0.75
0.68
0.62
0.56
0.87
0.93
0.95

Range
0.077-0.25
0.079-0.23
0.038-0.47
0.037-1.96
0.053-0.15
0.015-0.14
0.021-0.082

Mean
0.153
0.123
0.143
0.425
0.096
0.052
0.049

Jordan Journal of Agricultural Sciences, Volume 12, No.3 2016

Table 6. Mean squares of different treatments and their interactions on constants of selected
kinetic models
Source of variations

DF

q0

ae

Kp

1/β

salinity
Organic matter

2
3

0.082**
3.734**

0.001**
0.115**

0.068**
5.048**

0.001**
0.137**

Salinity × organic matter

6

0.008**

0.001ns

0.006**

0.001**

Error

24

0.001

0.000001

0.001

0.000001

3.31

6.75

2.27

5.48

% CV

Note: **, * are significant at 1 and 5 % probability level, respectively and ns, not significant; DF,
degree of freedom; CV, coefficient of variation; q0 and Kp, constants of parabolic diffusion equation in
(mg Zn kg-1) and (mg Zn kg h-0.5); ae and 1/β, constants of simple Elovich equation in (mg Zn kg-1) and
(mg Zn kg-1 h-1).
Table 7. Effects of salinity and organic matter on kinetic constants of parabolic diffusion model
S0

S1

S2

q0
C
WS
CM
WS + CM

0.463 g
0.627 e
1.635 c
1.518 d

0.539 f
0.653 e
1.826 a
1.631 c

0.621 e
0.664 e
1.858 a
1.754 b

1.061 C

1.163 B

1.224 A

0.541 D
0.648 C
1.773 A
1.634 B

KP
C
WS
CM
WS + CM

0.08999 g
0.08327 h
0.266 d
0.315 a

0.08026 i
0.09021 g
0.237 f
0.293 b

0.06624 j
0.07986 i
0.256 e
0.286 c

0.188 A

0.175 B

0.171 C

0.07883 D
0.08445 C
0.253 B
0.297 A

Note: Numbers followed by same letters in each column and rows are not significantly (P<0.05) different
according to DMRT; C, control; CM, cattle manure; WS, wheat straw S0, without salt; S1, 15 Meq salt kg-1
soil; S2, 30 Meq salt kg-1 soil; q0 and Kp, constants of parabolic diffusion equation in (mg kg-1) and (mg kg
h-0.5).
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T
Table
8. Effectts of salinity and organic matter on kin
netic constan
nts of Simplifiied Elovich model
m
S0

S1

S2

ae
C
WS
CM
WS + CM
M

0.541 g
0.703 e
1.884 c
1.814 d

0.610 f
0.7738 e
2.0054 a
1.9906 c

0.6777 e
0.7477 e
2.0966 a
2.0199 b

1.236 C

1.3327 B

1.3855 A

0.609 D
0.729 C
2.011 A
1.913 B

1/β
C
WS
CM
WS + CM
M

0.1057 g
0.09489
0.2970 d
0.3490 a

0.009294 k
0.1001 i
0.22590 f
0.33277 b

0.079902 l
0.10007 h
0.28770 e
0.31660 c

0.211 A

0.194 B

0.1955 B

0.07883
3D
0.08445
5C
0.253 B
0.297 A

Note: Num
mbers followeed by same leetters in each column
c
and ro
ows are not significantly (P
P<0.05) differeent according
to DMRT
T; C, control; CM, cattle manure;
m
WS, wheat
w
straw; S0, without sallt; S1, 15 Meqq salt kg-1 soill; S2, 30 Meq
salt kg-1 soil; ae and 1/β
β, constants off simple Eloviich equation in
n (mg Zn kg-1) and (mg Zn kg-1 h-1).

Figure 1. Zinc release pattern at S2 salinity leveel as influenceed by differen
nt organic treeatments. C, control; WS,,
wheaat straw; CM,, cattle manu
ure; q, the maagnitude of ziinc desorption
n; t, time; S2, 30 Meq salt kg-1 soil.
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اﺳﺗﺧدام اﻟﻧﻣﺎذج اﻟرﻳﺎﺿﻳﺔ ﻟﺗﻘﺻﻲ ﺗﺄﺛﻳر اﻟﻣﺎدة اﻟﻌﺿوﻳﺔ واﻟﻣﻠوﺣﺔ ﻋﻠﻰ ﻧﺷﺎط ﺗﺣرر اﻟزﻧك ﻣن اﻟﺗرب اﻟزراﻋﻳﺔ اﻟﺟﻳرﻳﺔ
5

حامد بوستاني ،1مطصفى كوروم ،2عبد االمير ّ
معزي ،3ناجفالي كاريمان ،4نعيمة عينايا تيزامير

ﻣﻠﺧـص
إن اﻟﺣد ﻣن ادﻣﺻﺎص اﻟﺗرﺑﺔ ﻟﻠزﻧك ﻳﻌد ﻣن اﻟﻌواﻣﻝ اﻟﻣﻬﻣﺔ ﻻﺗﺎﺣﺗﻪ ﻟﻠﻧﺷﺎطﺎت اﻟﺑﻳوﻟوﺟﻳﺔ .وﻟدراﺳﺔ ﺗﺄﺛﻳر اﻟﻣﻠوﺣﺔ واﻟﻣﺎدة
اﻟﻌﺿوﻳﺔ ﻋﻠﻰ ﻣﻘدرة ﺗﺣرر اﻟزﻧك ﻓﻲ اﻷراﺿﻲ اﻟﺟﻳرﻳﺔ اﻟﻣزروﻋﺔ ﺑﺎﻟذرة اﻟﺻﻔراء ،ﻓﻘد أﺟرﻳت ﺗﺟرﺑﺔ ﻋﺎﻣﻠﻳﻪ ﺑﺗﺻﻣﻳم ﻛﺎﻣﻝ
اﻟﻌﺷواﺋﻳﺔ ) .(4 × 3وﺷﺗﻣﻠت ﻋواﻣﻝ اﻟدراﺳﺔ ﻋﻠﻰ ﺛﻼﺛﺔ ﻣﺳﺗوﻳﺎت ﻣن اﻟﻣﻠوﺣﺔ )ﺻﻔر 30 ،15 ،ﻣﻠﻲ ﻣﻛﺎﻓﺊ/ﻛﻐم(
ﻣﺿﺎﻓﺔ ﻋﻠﻰ ﺷﻛﻝ  ،MgCl2 ،CaCl2 ،NaClﺑﻧﺳب  1:2:3ﻋﻠﻰ اﻟﺗواﻟﻲ ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ أرﺑﻌﺔ ﻣﻌﺎﻣﻼت ﻣن اﻟﻣﺎدة
اﻟﻌﺿوﻳﺔ ﻛﺎﻵﺗﻲ ﺑدون إﺿﺎﻓﺔ ،اﺿﺎﻓﺔ زﺑﻝ أﺑﻘﺎر ) %2وزن/وزن( ،ﻗش ﻗﻣﺢ ) %2وزن/وزن( ،زﺑﻝ اﺑﻘﺎر  +ﻗش ﻗﻣﺢ
)ﺑﻧﺳﺑﺔ  .(1:1ﺗم اﺳﺗﺧﻼص اﻟزﻧك ﺑﺎﺳﺗﺧدام  DTPAﻋﻧد اﻟﻔﺗرات اﻟزﻣﻧﻳﺔ اﻵﺗﻳﺔ 24 ،12 ،6 ،2 ،1 ،0.5 :ﺳﺎﻋﺔ .أدت
إﺿﺎﻓﺔ اﻟﻣﺎدة اﻟﻌﺿوﻳﺔ إﻟﻰ زﻳﺎدة ﺗﺣرر اﻟزﻧك ﺑﺎﻟﻣﻘﺎرﻧﺔ ﻣﻊ اﻟﺷﺎﻫد )ﺑدون إﺿﺎﻓﺔ( .ﻛﺎﻧت اﻟزﻳﺎدة ﻓﻲ اﻟزﻧك اﻟﻣﺗﺣرر 2.3
ﺿﻌف و  %19.7ﻟﻛﻝ ﻣن اﻟﻣﻌﺎﻣﻼت زﺑﻝ اﻻﺑﻘﺎر وﻗش اﻟﻘﻣﺢ ﻋﻠﻰ اﻟﺗواﻟﻲ .ﻟﻘد ﺗﻧﺎﻗص ﻣﻌدﻝ ﺗﺣرر اﻟزﻧك ﺑﻳﻧﻣﺎ زاد
اﻟﻣﻘدار اﻟﺗﺣرر ﻧﺗﻳﺟﺔ ﻟزﻳﺎدة ﻣﺳﺗوﻳﺎت اﻟﻣﻠوﺣﺔ .ﻛﺎﻧت ﻣﻌﺎدﻟﺔ  Elovichﻣن اﻟدرﺟﺔ اﻷوﻟﻰ ﻫﻲ اﻟﻧﻣوذج اﻻﻧﺳب ﻓﻲ
وﺻف ﺗﺣرر اﻟزﻧك .إن اﻵﻟﻳﺔ اﻟﻣﺣﺗﻣﻠﺔ اﻟﺗﻲ ﺗﻧظم ﺗﺣرر اﻟزﻧك ﻣن اﻟﺗرب اﻟﺟﻳرﻳﺔ ﻫﻲ ﻣن ﺧﻼﻝ اﻻﻧﺗﺷﺎر.
اﻟﻛﻠﻣﺎت اﻟداﻟﺔ :ﻣﻌﺎدﻟﺔ  ،Elovichاﻻﻧﺗﺷﺎر ،زﺑﻝ اﻻﺑﻘﺎر ،ﻗش اﻟﻘﻣﺢ.

5 ،3 ،2 ،1
4

ﻗﺳم ﻋﻠوم اﻟﺗرﺑﺔ ،ﺟﺎﻣﻌﺔ ﺷﺎﻫد ﺷﺎﻣران ،اﻳران.
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