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2- Tessier
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Table 1. Summary of the sequence extraction method.
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Table 2. Some physicochemical properties of studied soil.

bzl (&) alis,l ) ols 5 (M) LY, ) &Y,

Parameter (Ordshahi) (Torkman) (Dolama) (Balanj)
(Clay7) o, 39.6 39.6 47.1 44.6
(CCE%) Jslas pels sy S 17.5 18 20 23.5
(PH) 44! 8.01 7.80 7.85 7.65
©CH) s 1.04 1.84 1.90 0.54
EC(dSm™) S sl culas 0.80 1.10 0.90 0.50
CEC (cmolc kg™) 4515 Jsls oo b 24.5 29.5 33.7 30
Mny,, (mg kg'") eslizal b6 55 45 3.2 2.75 3.83
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Figure 1. FT-IR spectrum taken from leonardite.
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Table 3. Semi-quantitative of predominant minerals in studied soils.

(Kaolinite) ¢ g1S (Ilitte) <L (Chlorite) & IS (Smectite) coxSo
(Soils) Lasl=
y
(Balanj) =3 23.1 61.5 9.2 6.2
(Dolama) LY 55 253 52.6 16.8 53
(Torkman) yLs 5 26.1 34.2 16.6 23.1
(Ordshahi) _alss,l 32.1 42.8 18.9 6.2
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Figure 2. X-ray diffraction for the studied soils.
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Table 4. Analysis variance of leonardite on Mn available (DTPA) in studied soils.

(Source) sl 120 day) ;, VY 00 day) 34,4+ 0 day) 34, ¥+ df) o151 am s
(Leonardite) ., ;3 28 DQkk% 0.195%%% 3. 93wk 2
Soil) s> 9.142%++ 4.006%+* 5.279%** 3
(Leonardite*Soil) St # cos U8 0.639%%* 0.225%%% 0.294 %% 6
SE) skl sl 0.115 0.152 0.127 12
C.V(%)) @i oo 1.7 2.8 2.5 -

**% Significant at 0.1% probability levels
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Figure 3. Comparison of mean soil-Leonardite interaction in Mn content extractable with DTPA.
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Figure 4. The effect of Leonardite - soil interactions on the amount of Mn extractable to DTPA.
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Table 5. Analysis variance of the effects of leonardite and soils on chemical forms of Mn.

e :n)j s LG Sl S Sl feame LS4 fuate o kile 3L
(Source) n (Exchangable) =~ (Mn-CaCO;)  (attachedtoOM)  (attached to oxides)  (Residual)
(Leonaedite) <y, 59 2 0.06790%**  2774,16%%* 3413 4%%% 5784. 7% 228.4™
(Soil) Sl 3 0.0691355%**  35076.9%** 33062.5%** 16711.3%%* 4714.3%%%
(Leonardite* Soil) Sy )bzl 6 0.0027114%*  342.2]%*+ 12046+ 929.2% 1328.3*
(St. Error) bl slas 12 0.023 3.96 12.5 16.8 16.4
(CVN%) O s s 5.0 2.3 3.5 42 14.8
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Table 5. The relative percentage of adsorbed Mn in different section affected of leonardite in studied soils.
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Abstract

Background and Objectives: Supply of micronutrients is necessary for the improvement of plant
biological processes. The total amount of elements in soil is not an appropriate indicator for plant
availability, because main portion of nutrients are usually as unavailable forms. Humic substances
can change the chemical forms of elements in soil. Therefore, this study was done to investigate the
influence of humic substance on changes of chemical forms of manganese (Mn) in some cultivated
soils of Urmia region.

Materials and Methods: Twenty soil samples were collected of 0-30 cm from the fields of Urmia
region. Some physicochemical properties of soils were measured by standard methods. DTPA
extractable Mn and clay mineralogy of soils were also determined. FT-IR spectra were analyzed to
determine the functional groups of leonardite. Laboratory evaluations were carried out as a factorial
in a completely randomized desiign with three replications. Four different soil samples were selected
and were treated by 200 mg kg© MnSO4.H,0 and were incubated for two months at field capacity
moisture. Different levels of leonardite (0, 2 and 4%) were added after incubation. Laboratory
evaluations were carried out as a factorial in a completely randomized design with three replications.
The concentration and chemical forms of the Mn were evaluated using DTPA and sequential
extraction Tessier method respectively after 20, 60 and 120 days.

Results: The results showed that the quality and quantity of the clay minerals were different and the
illite mineral was dominant in the studied soils. Results showed that the leonardite have different
functional groups and showed significant effect on increasing plant available Mn (P<0.001). Also,
leonardite application increased the amount of Mn extractable with DTPA solution. The results showed
that more than 76-85% of Mn (exchangeable, carbonate-, Fe-Mn oxides-, organic matter-bonded) was
extracted in a sequences extraction method. In addition, a large part of Mn was absorbed in the oxide
form (more than 50%) and lowest value in the exchange form (less than 0.1%). Effect of leonardite on
increasing Mn availability was decreased as a calcium carbonate increased in soil. As, the highest Mn
available (4.5 ppm) obtained in the Ordushahi soil with the least amount of calcium carbonate was
observed. Analysis variance showed that the main effects of soil, leonardite and their interactions were
significant in changing chemical forms of Mn (P<0.001). The exchangeable, carbonate and organic
carbon forms of Mn increased significantly (0.01) as leonardite treatment. As well as a significant
decrease (4.5-11.6%) in the section related to Fe-Mn oxides were observed.

Conclusion: The results showed that the leonardite can to changes the chemical forms of elements to
improve adsorption of nutrient for plants. In addition, a positive significant correlation was observed
between the amount of Mn extractable with DTPA solution and chemical forms of Mn. The effect of
contact time was significant on Mn availability and extracted of high Mnwith increasing the incubation
time. The effect of 4% Leonardite treatment was more than 2%. Accordingly, the use of leonardite is
suitable to increase of productivity and supply micronutrients and can be used as biodegradable
materials in improving the quality and quantity of agricultural products.

Keywords: DTPA, Extractable Mn, Humic substance, Sequence extraction
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