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Table 1. Summary of the Tessier sequential extraction procedure with some chenge used in this study
(Tessier, 1979)

Step Fractions Reagent T(C%  Time (hour)
F1 Exchangeable (EX) 8 ml of 1 M MgCl; (pH 7) in 1 g soil 25 1
Fo Bound to carbonates (CAR) 8 ml of NaOAC (pH 5 with HOAC) 25 5
Amorphous iron-manganese 20 ml of 0.04 M hydroxylamine
Fs oxides hydrochloride in 25% acetic acid (pH 2 with 95 5-6
(Ox) HNO3)
3 ml HNO3 0.02 M + 5 ml H,0; (pH 2) 85 2-3
Fa Organic-bound ( OM) 3 ml H202 30% V/V (pH 2) 85 3
5 ml NHsAc 3.2 M ( with 20% V/V HNO3) 25 0.5
Fs Residual (Res) 14 ml of HCI/HNO3 (3:1) 95 0.5
Ole 4 55 (DTPA-ZN) oolazwl LB (g4, cdale (Y Gy g gL

‘53\)2.3»)"45@] Cwddy ‘4:;51.5):‘&;(}.« 104
Sy yeS S o
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Table 2. Some characteristics of studied soil

Soil texture CCE oC Zn-total Zn-DTPA pH EC
(%) (mg kg*) - (dsm)
Sandy loam 19.5 0.59 68 0.59 7.69 1

éJ).SJI w\..ua EC W S J;L% S9) Zn-DTPA ‘JS S99y :Zn-tOtal “Sﬂ u,u; 0C ‘JQL’u w......lf s_:l..u; CCE
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Table 3. Some characteristics of Leonardite

Ec pH oC CEC HA+FA
ds mrt - 7. C mol kg* 7.
0.45 3.51 36.5 67 28

Snsl Seagut g donsl Sgd ggozma HAFFA (T 5 20C (G5l Jobs o b CEC S, 28l culan EC
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Table 4. Analysis of variance the effect of different levels of leonardite and bacteria on some soil biological

Microbial population

Bacteria 1 8.45**
Leonardite 2 2.53%**
B*L 2 0.77%**
error 12 0.003
CV (%) - 1

MS
Basic breathing Microbial carbon
0.028**x 558125***
0.0096%** 5154971 %**
0.0022%* 430221 %**
0.00002 15503
2.90 15.15

osine e 9 10 LY Jliol maw jo lo pe BB i 5 4 NS g s sk

*, **and ns: significant at %1, %5 probability level and non- significant respectively

S sidam kS 29 3l (B 2 ad)lgd 9 AL ilisio obw Il (Sl dumolie -0 Jgu
Table 5. Mean comparison of effect of different levels of bacteria and leonardite on some soil biological
properties

Microbial population

Basic breathing

Microbial carbon

*

LB mg CO,.(g day)* mg CO,.(g day)” mg CO.(g day)™
Control 5.23¢ 0.055¢ 264.1°¢
LO*B1 6.25d 0.178¢ 492 53bc
L2*B0 6.52d 0.134¢ 528.2bc
L2*B1 7.29b 0.191P 616.3°
L4*B0 7.022¢ 0.168¢ 1114.68
L4*B1 8.192 0.2252 1114.68

Abge HSis (g0l b o i Siloe s 50 3o y0 O Jlotisl mhans jo jlo e B 5gg osipoylis et yo 40 alie By,
Non-identical letters in each column indicate a significant difference between the means at the 5% probability level with the Duncan’s

Y Cus Ust 2Bl 6 5l el e doys ¥ us,lgt) L2%B0 s st Jlosl g 25 peils LO*BL cawlss :Control
S rSL il b oo ¥ o lgt) LA*BL s 2Sh el (o ooy ¥ us ligd LA*BO s 2Sh zmeili b ooy



e SBUSS g slula) » (55, 0aS > (6L g oo gt 3L

Jgu\.‘>) (p<0001) 05.3 )‘\5‘5;.’.4 oéL&.’i...ul JJ[S K9y » U‘
Ntd

(DTPA) oslisl b5 55,
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Table 6. Analysis of variance the effect of different levels of leonardite and bacteria on Zn- availabe (Zn-
DTAP) at icubation time

Ms

Factors Df Time (day)

0 30 60 90 120 150
Bacteria 1 0.0002" 0.0057** 0.006** 0.012%* 0.0003"™ 0.002"
Leonardite 2 0.349%k* .33k 0.334 %% 0.33kk* 0.331%**  (,205%**
B*L 2 0.01*** 0.042%** 0.047%** 0.043***  0.0065%** 0.0005"
error 12 0.0007 0.0003 0.0002 0.0002 0.0002 0.0003
CV (%) - 3.29 2.04 1.75 1.71 1.92 2.61

+au0,0 ¥ oo batd b (6 28U yans asyo ¥ ouo,lissd
Y (Y Jgaz) a3 )18 g lal 09,5 S5 p0 (5L
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L sslele, Jewily Jb cnl b (s cesls Jo3 o,

Sosine e o 10 Y Jliol maw jo jlo e BB i 5 4 NS g s sk
*, **and ns: significant at %1, %5 probability level and non- significant respectively
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Figure 1. The effect of different ratios of leonardite and bacteria on Zinc availabe at incubation time
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Table 7. Mean comparison of effect of different levels of bacteria and leonardite on Zn- availabe (Zn-DTAP)
at icubation time

Time (day)

L*B 0 30 60 90 120 150
Control 0.51¢ 0.51f 0.53f 0.50f 0.5f 0.49¢
Bacteria 0.6¢ 0.73¢ 0.77f 0.75¢ 0.56¢ 0.47¢
L2*B0 0.87° 0.93° 0.97¢ 0.91° 0.83¢ 0.70¢
L2*B1 0.8¢ 0.8¢ 0.87¢ 0.86¢ 0.78¢ 0.69°
L4*B0 1.052 1.122 1.132 1.112 1.012 0.862
L4*B1 1.022 1.1° 1.122 1.07° 0.97° 0.83°

alce SIS ae3T b o nSilee (s 50 2o pd Vg 0o yd B Jleiml mhans (o lo sire BN 2925 00 yLi (gt B 40 dlie yué By,
Non-identical letters in each column indicate a significant difference between the means at the 5% and 1% probability level with the

Duncan’s test.
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Table 8. Average values of Zn chemical forms in different parts adsorption at incubation time

Bacteria Leonardite Ex Car oc
T1 T2 T3 T1 T2 T3 T1 T2 T3
No 0 0.57¢¢ Q.67  0.65% 0.69 0.71 0.64f 19" 1.21f¢  1.039
inoculation 2 0.57¢ 0.76%c  0.61°d 1,929 2 9gbe 1.7¢ 1.25f 2.33¢ 1.43¢f
4 0.64¢ 0.952 0.66%d  2.21¢ 3.22° 185% 135 2713 202
By 0 0.51¢ 0.79%c .48 1.95%  2.71° 1.93¢ 0.67" 1.84¢ 1.75¢%
inoculation 2 0.95? 0.88% 0584 2119 258  226° 1.25f8 238  1.96d
4 0.69bcd 0.962 0.59%  2.16¢ 3.612 2.9be 1.47¢F 2912 2.80?
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Continues of Table 8. Average values of Zn chemical forms in different parts adsorption at incubation time

. . OX Re

Bacteria Leonardite T T T3 T ™ T3

No 0 10.012 8.79% 10.06% 52.92 52, 2abe 52.32

inoculation 2 9.07%¢ 7. 750 8.27¢de 52.]8be 577 bode 571 .4abcd
4 8.67¢de 6.67f 7.74%f 50, 70cde 50.1cde 50.5¢de

By 0 10.42 7.59¢de 10.232 52,32 5abe 52.2abc

inoculation 2 9.98@ 7.83d 8.774 51.78abc 577 bode 571, pabcde
4 8.60de 7.544f 8.43cde 49.8¢d 49.6° 49.9¢

Abse S8 yge5T b o nSilos cr )0 duoys Vg duoyo O Jleil g 5o o e BT 3929 0aimd HLiS g 0 50 aliie pué By >
Non-identical letters in each column indicate a significant difference between the means at the 5% and 1% probability level with the
Duncan’s test.
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Figure 2. Effect of different ratios of leonardite and bacteria on zinc mobility index during different times
Non-identical letters indicate significance at the 1% probability level using the Duncan’s test.
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Effect of Leonardite and Zinc Solvent Bacteria on Release and Chemical
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Abstract

The aim of researchers in order to revive sustainable agriculture is to increase the solubility and
availability of nutrients in the soil. For this purpose, this study was carried out to assess the effect of
leonardite and bacteria on the chemical forms of zinc (Zn) in calcareous soils. A factorial experiment
was conducted with three levels of leonardite (0, 2 and 4%) and with two microbial factors (without
bacteria and zinc-soluble bacteria) at three incubation time (30, 90, 150 days) in three replications.
The chemical fractionation and available forms of Zn in the soil was assayed by using the Tessier
and DTPA methods. The results showed that leonardite and bacterial significantly increased Zn
available forms (54%) and decreased soil pH (4.1%) during incubation time. Soil biological
properties such as microbial population, basal respiration and microbial carbon increased by 36.2%,
77% and 77%, respectively. The distribution of Zn chemical forms and mobility factor also had
significant changes affected of leonardite and bacteria as, it increased the exchange forms, binds to
organic carbon and the carbonate part, as well as decreased the Zinc binds to Fe and Mn oxides in
the soil. The mobility index of Zn ranged from 3.8 to 11.59% and its maximum value was observed
in the treatment of leonardite 4% + bacteria. As a result, leonardite as a fertilizer plays an important
role in element motility and its application along with solvent bacteria has positive effects on
dissolution and increasing the availability of the elements.
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