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Table 1- Some chemical and physical characteristics of studied soil

Soil textureSandClayLimeOrganic
Carbon

SPTotal
Nitrogen

)1:1 (pH)1:1( EC

-%-dSm-1

Loam Sand
7012Negligible0.13320.087.630.11

1 -(mg kg-1)
Continues of Table 1- Concentrations of available elements in studied soil (mg kg-1)

PKNaCaMgFeMnZnCuCdPb
5.7250108.81149.299.11.81.10.851.3nd3.4

nd :nd: Non determinable

2 -
Table 2- Some chemical characteristics of studied sewage sludge

)(%
Organic Carbon

)(%
Total Nitrogen

C/NpH)1:5((w/v)EC)1:5((dS m-1) (w/v)

21.845.46.633.25

2-
Continues of Table 2- Concentration of available elements in studied sewage sludge

PKNaCaMgFeMnZnCuCdPb
(mg kg-1)

5003003008900120042.352.2531.9121.50.95.7
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Table 3- Water chemical analysis results

Elements
KPCaMgFeMnZnCuNapHEC

 (dS m-1)
)mg l-1(

Concentration
4.30.0542110.100.603.57.70.49
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4-FeMnZn
Table 4- Analysis variance of the effects of cultivation, submergence, and fertilizers on Fe, Mn and Zn

concentrations in the soil solution

MS
FeMnZndf

Source of variation

**0.21**0.72 **0.369Submergence time
**0.97 **2.88**0.585Fertilizer
**0.08 **0.26**0.0545Fertilizer× Submergence time ×
**0.35 **0.29ns0.01Cultivation
**0.05 **0.14ns0.019Submergence time× Cultivation ×
*0.02ns0.08 *0.025Fertilizer× Cultivation ×
**0.02ns0.03**0.0145Fertilizer× Submergence time× Cultivation × ×

0.0060.030.008119Error

11.2614.3728.66Coefficient of Variation(%)

ns * **5%1%ns, *, **: non-significant, significant at 5% and 1%, respectively
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Fig. 1- Effects of sewage sludge and chemical Fertilizers on the changes in Fe concentration in the soil solution

after submergence in the uncultivated treatments
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ABSTRACT
Micronutrients concentrations in soil solution affect nutrient uptake by plant. In this research, the
effects of rice (Oryza sativa cv. Ali-Kazemi) cultivation and application of sewage sludge and
chemical fertilizers on the changes in iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu)
concentrations in the soil solution after submergence were studied at greenhouse conditions. A
factorial experiment based on randomized complete blocks design with two replications including
duration of submergence at 10 levels (2, 11, 30, 37, 42, 49, 56, 63, 78, 92 days) and source and
amount of organic and chemical fertilizers in six levels (control, 100% chemical fertilizers, 20g
sewage sludge per kg of soil with and without 50% chemical fertilizers, 40g sewage sludge per kg of
soil with and without 50% chemical fertilizers), with and without rice cultivation was carried out. The
results showed that after submergence, Zn concentration of the soil solution decreased significantly in
both of the cultivated and uncultivated treatments while Fe concentrations of the soil solution in all
uncultivated treatments (except 100% chemical fertilizers) initially increased and then decreased
significantly. After submergence, Mn concentrations of soil solution in all uncultivated treatments
initially increased and then decreased. Application of sewage sludge and chemical fertilizers increased
Fe, Mn and Zn concentrations of the soil solution in the cultivated and uncultivated treatments. In all
treatments, Cu concentration in the soil solution was negligible. At the end of growth period, Fe and
Mn concentrations of the soil solution in the cultivated treatments (rhizosphere) were significantly
greater than the uncultivated treatments (non-rhizosphere), while Zn concentration of the soil solution
showed no significant differences between cultivated and uncultivated treatments. In general, the rice
plant cultivation (rhizosphere processes) and application of sewage sludge and chemical fertilizers can
alter the micronutrients concentrations in the soil solution.

Keywords: Micronutrient, Rice, Rhizosphere, Submergence, Sewage sludge

1- Associate Professor of Soil Science, Faculty of Agriculture, University of Tabriz (Corresponding author)
Email: n-najafi@tabrizu.ac.ir
2- Former Graduate Student, Soil Science Department, Faculty of Agriculture, University of Tabriz


