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1- Ammonium bicarbonate diethylene triamine penta
acetic acid
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Table 1- Selected physical and chemical characteristics of the studied soil

SL cdl Zn EC pH (7)1 5o CEC
Soil texture (mg.kgY) (Ds.m?) 1:2) Organic (cmol) kg'Y)
materials (%)
Clay loam 1.25 3.96 7.23 2.69 9.73
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Table 2- Models describing Zn desorption Kinetics

Seew Jke Jge s B ol
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P-first Ki: P-first rate constant
P32 4550 4 0=02 Kot/ L+ kot ps® 4y 458 Sty UK
P-second Kz: P-second rate constant
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Power function
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a: initial Zn release rate constnt (mg Zn kg* hr?)
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b: release rate coefficient [(mg Zn kg1)]*

qt and go amount of Zn absorbed in the absorbing unit at time t and 0 in terms of mg.kg™
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Table 3- Coefficient of determination (r?) and standard error of the estimate (SE) for different equations

r SE r SE
Al RVCH &l RVCH Xl R &> Sl
Range Mean Range Mean Range Mean Range Mean
S Jo sl gl 3 sl aglw z 6
Kinetic models Under-canopy Out-canopy
S
Halavani
J’IPA’;_’A:'J 0.416-0.566  0.469  0.322-0.442 0.381  0.475-0.503  0.488  0.345-0.401 0.37
-firs
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“’Sf)’f"li,)m‘_ 0.775-0.924  0.828 0.332-0.707 0.508  0.856-0.895 0.876  0.334-0.422 0.40
Parabolic diffusion
&.AAGS
Ghasab
|5 n o
Jgpd;i’: S:“'” 0.305-0.494 0422 0.244-0.381 0.283 0.0796-0.362  0.26 0.334-0.464  0.405
P9 40 4 0.999-0.9994 0.9993 1.941-354 2.786  0.997-0.999  0.998 5.02-10.33 7.407
P-second
S5 ""b_ 0.777-0.965  0.893 0.024-0.094 0.0519 0.532-0.891 0.765  0.059-0.143  0.094
Power function
f’"\‘“)u@’_’” 0.826-0.981  0.917 0.137-0.466 0.317 0.51-0.973 0.818 0.1108-0.574  0.267
Simple elovich
P 4550 0.397-0.56 0.501 0.679-0.974 0.841 0.065-0.494 0349  0.474-0.794  0.585
Zero-order
_Jw’j" 0.305-0.494 0422 0.225-0.383 0.283 0.0796-0.362  0.26 0.334-0.464  0.405
First-order
"‘S'A‘J’?‘)l‘{_)w‘_ 0.59-0.794 0.723  0.472-0.713 0.617 0.186-0.724  0.524  0.352-0.740  0.484
Parabolic diffusion
r SE r SE
&old oSSl ald CrSlbo aald oSSl aeld eSSl
R Range Mean Range Mean Range Mean Range Mean
(S J s 31 gl 3 3l bl 6
Kinetic models Under of canopy Out of canopy
P EY
Shahani
J’::‘fj_"’:*j 0.236-0.373  0.288 0.487-0.77 0.628 0.268-0.366 0.333  0.569-0.862  0.693
-firs
P9 45y 4l 0.997-0.998  0.997 7.39-8.608 7.995 0.993-0.997 0.995 7.23-10.052 8.944

P-second
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<y &U. 0.76-0.879 0.642 0.0929-0.207 0.151 0.770-0.878 0.832 0.108-0.209 0.152
Power function
ol odlw @”J]
. : 0.930-0.993 0.959 0.0762-0.245 0.175 0.98-0.99 0.988 0.096-0.175 0.123
Simple elovich
pruo 4ye 0.441-0.600 0.519 0.588-0.695 0.655 0578-0.674 0.619 0.668-0.742 0.703
Zero-order
_‘J’I e 0.236-0.373  0.288 0.487-0.77 0.628 0.268-0.366  0.333 0.569-0.862 0.693
First-order
"'i"J’f"I)L’i _’ml_ 0.665-0.814 0.735 0.401-0.538 0.484 0.794-0.824 0.828 0.466-0.474 0.469
Parabolic diffusion
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Figure 1- Comparison of the equations A) Power function B) Simple Elovich C) Parabolic diffusion at soil depth, 0-20 cm
under-canopy of Halavani cultivar
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Table 4- Values of the rate constants for the kinetic models

S Joko Sy @b Sl ly (Sawisy ol 03w 99l
Models Power function Parabolic diffusion Simple elovich
Ce s Sl ab a b do kp as Bs

o5 (Cm) Gae Ml b 7,6

Type Depth Out-canopy
Sl 0-20 0.133 0.36 0.37 1.009 0.094 0.255 1.563
Shahani 20-40 0.136 0.409 0.332 1.048 0.078 0.287 1.819
40-60 0.085 0.194 0.438 0.816 0.071 0.19 1.968
Slols 0-20 0.197 0.843 0.234 1.524 0.802 0.716 1.822
Halavani 20-40 0.207 0.746 0.277 1.456 0.105 0.472 1.415
40-60 0.160 0.645 0.248 1.213 0.069 0.51 2121
b 0-20 0.151 0.776 0.195 1.362 0.045 0.797 5.109
Ghasab 20-40 0.172 0.98 0.175 1.927 0.027 5.456 5.711
40-60 0.123 0.517 0.238 1.046 0.043 0.424 4.198

Ml ale 5

Under-canopy
Sl 0-20 0.140 0.488 0.286 1.098 0.065 0.384 2.173
Shahani 20-40 0.129 0411 0.315 1.156 0.059 0.405 2.246
40-60 0.116 0.316 0.367 1.094 0.065 0.341 2.103
NN 0-20 0.213 0.756 0.282 1.595 0.104 0.488 1.35
Halavani 20-40 0.179 0.756 0.237 1.438 0.07 0.663 1.996
40-60 0.198 0.825 0.24 1.425 0.09 0.581 1.691
b 0-20 0.339 2.094 0.162 3.153 0.101 1.105 6.15
Ghasab 20-40 0.258 1.733 0.149 2.572 0.069 1.998 6.671
40-60 0.227 1.136 0.2 2.087 0.067 0.857 4.98

o ©ya8 oy pier (81515 (S SYBlro Ca gt (SCUL (g 83 (Nimwmod =0 Jgua
Table 5- Simple correlation between constants rate of the best fitted kinetic models

slale =,
Out-canopy
ab a b Jo Kp as
A 0.829**
B -0.722* -0.958**
Qo 0.759*  0.958** -0.878**
kp ns ns ns ns
as ns ns ns 0.794* ns
BRs ns ns ns ns ns 0.765*

M gire (Siumed (b NS 70 o /) Jlain] o )3 5l5 jze a5 ay e g %
* and ** significantly at the probability level 1% and 5%, ns: no significant.
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Figure 2- Cumulative chart of the Zn release from studied soils
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Introduction: Zinc (Zn) is an important nutrient element for plants growth, which plays an important role in
the metabolism of plant. Zn uptake by plants requires release of Zn adsorbed onto the soil constituents and even
Zn containing minerals. The release of Zn from soil surface to the soil solution is an important factor that
controls availability of Zn for growing plants. Kinetics of Zn release from soil could indicate ability of soil to Zn
supply to plants. The purpose of present study was to investigate the effects of soil depth and canopy of three
cultivars of palm including Shahani, Ghasab and Halavani on release kinetics of native Zn by AB-DTPA
extractant.

Materials and Methods: In order to investigate the effects of depth and vegetation on the pattern of Zn
release, 54 soil samples were collected from inside and outside canopy of different palm cultivars (Shahani,
Halavani and Ghasab), three depths (0-20, 20-40 and 40-60 cm) with three replications. These samples were
collected from village of Simakan, located in the city of Jahrom. Extraction was performed after eight shaking
times (5, 15, 30, 60, 120, 240, 480, and 1440 min) with ammonium bicarbonate-diethylene triamine penta acetic
acid (AB-DTPA). After each shaking time, samples were immediately centrifuged for 15 min, and then filtered
through filter paper. The concentration of Zn in solutions were determined using an atomic absorption
spectrophotometer (AA-670G). Seven commonly used kinetics models in nutrient release studies were used to
describe Zn release including zero-order, first-order, pseudo-first-order, pseudo-second-order, power function,
parabolic diffusion, and simple elovich. Data analysis and drawing of charts were done by SAS software and
Excel program, respectively .Relatively high value of coefficient of determination and low value of standard

error of estimate were considered as criteria for the best fit.

Results and Discussion: The results of this study showed that the simplified Elovich, parabolic diffusion and
power function equations well described the pattern of Zn release from soil as evidenced by higher coefficient of
determination and lower values of the standard error of the estimate. The Zn release pattern in all soil samples
consisted of a quick stage from the start of the experiment to 240 minutes and a slower stage at subsequent times.
The correlation between the coefficients of the kinetic equations of the power function, simplified Elovich and
parabolic diffusion showed that there was higher correlations between the coefficients of the equations obtained
from the under canopy in comparison with those of out of canopy. Although soil is a major factor influencing
vegetation growth and characteristics, plants could, in turn, also affect different soil properties. In addition, the
palm root system and the rhizosphere exhibit a complex diversity, which could regulate the plant homeostasis.
The interaction of root-microorganism in the rhizosphere can cause many of the physical, chemical and
biological properties of the rhizosphere soil that are different from the bulk soil. Important changes in the soil
properties of the rhizosphere environment include soil pH, soil oxidation-reduction reactions, soil moisture, and
nutrient availability for microorganisms and plant. Root exudates also contribute to enhance of the availability of
elements by reducing the pH of the rhizosphere and creating bioavailable Zn complex. Recent studies have
shown that root exudates can act as an influential factor in extracting significant values of plant nutrients from
calcareous soils. Our results showed that the amount of accumulated Zn released from the under canopy soils
was more than the out of canopy soils, and the highest amount of accumulated Zn was released in the soils under
canopy of Ghasab cultivar.

Conclusion: Results of present study showed that the values of Zn released from the under canopy soils was
higher than interspaces soils, and the highest amount of accumulated Zn was released in the soils under canopy
of Ghasab cultivar. Such observations clearly indicate that palm trees are able to supply Zn absorption capacity
under their own canopy soils. Therefore, it appears that higher rates of Zn release from the under canopy soils in
comparison with interspaces could be attributed to higher root exudates which impact soil properties,

1 and 2- M.Sc. Student and Associate Professor, Department of Soil Science, Faculty of Agriculture, Shiraz University,
Shiraz, Iran, respectively.
(*- Corresponding Author Email: ghasemif@gmail.com)



PYY Sl S ogr 59y 92s (3l S Gos 9 S50 oy duw 5101 Ayl ST gy

microorganism activities and lower pH which, in turn, increase the amounts of metals including of Zn release
and bioavailability. Further researches on the effect of palm root system on physical and chemical properties of
soil, including organic matter, soil pH, which could cause great impacts on the amount of Zn release are highly

recommended.
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