Evaluations of Bentonite Plated Sulfur Application on Fe and Zn Bioavailability of
Saline and Sodic Soil
A.R. Jafarnejadi* A.Gholami*

1- Soil science Department, Agricultural CollegdéwvAz Branch, Islamiic Azad University

AbstractABSTRACT [ Formatted: All caps

In saline and sodic soils, high pH strongly havieaéd on soil micronutrient availability.
The study was conducted to evaluate using soil dments (sulfur and manure) on some
soil characteristics, iron and zinc concentratimfssaline and sodic soil. A factorial
randomized complete blocks design was consideréd tiviee replications. The main factor
included organic matter (manure) as two levels @ ®&ithout manure and M1 = 40 tons
manure/ha) and subplots were bentonite plated rsalfidl Thiobacillus thiooxidans (five
treatments) includes SO = control without $=Ssulfur applying as soil gypsum requirement
(1620kg/ha), 5= sulfur applying as double soil gypsum requiret(8@40kg/ha), &= S+
Thiobacillus thiocoxidans treatment, ST = S+ Thiobacillus thiooxidans. The irrigation
treatments were performed based on soil moistuneitoring plots. Also, the soil samples
were taken in depth 0-30 cm and analyzed for detgrreoil pH, electrical conductivity
(EC), sodium adsorption ratio (SAR), soil Fe andIXFPA (diethylene triamine pentaacetic
acid) -extractable concentrations. The results slgbthat the manure and sulfur treatments
were significant difference on soil EC, SAR and ZmPA-extractable. Also, the compare
mean Duncan's treatments revealed that Zn DTP/&etaible concentrations was increased
from 1.7 (MS) to 4.1 (MS,) mg/kg (p<0.05). Fe DTPA-extractable concentratidrad
increasing trend from 5.3 (§8) to 8.2 (MS;T) mg/kg but the differences had not significant
statistics (p<0.05). The interactive effects offwubnd organic matter application reduced
soil SAR from 15.5 in the b&) treatment to 9.9 in the §8,T treatment (in which sulfur was
used together withThiobacillus thiooxidans. Finally, organic manure and sulfur were
recommended for increasing efficiency saline ardicssoils
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1.introduction INTRODUCTION [Formatted: All caps

The soil salinity and drought are the most commovirenmental stress around the world
including Iran (AKhan—and-Gherbanl;—1993]1]. The parts of natural and agricultural
ecosystems are influenced under salt stiies&iet-al2007)2] and the soils were extended
with difference's characteristics on the wofklergasamy2005]3]. Téth et a{2608]4]
reported that the area of salt affected soils fsnased at about one billion hectares. Sulfur
application is amended for soil reclamation. Theulis explain the effect of the oxidizing
bacteria, especiallyhiobacillus thiooxidans (Mohajer-Milani and Sistani, 1989).

Pot studies conducted in recent years at the 8diMdater Research Institute of Iran, suggest
sulfur (if used together witfihiobacillus thiooxidans) has positive effects on soil physical,
chemical, and biological properties (Besharati 8atbh-Rastin., 2006).

Sardinha et al., (2003) mentioned that organic iandganic amendments consumption on
saline soisl can modify the effects of salinityraitrobial activity and biochemical properties
of soils. Nowadays, the large number of organic radneents such as mulch, manure and
compost are used to improve saline and saline—smdis (Melero et al., 2007). Increased



organic matter content can be a suitable methoddtubilization of calcium carbonate and
other minerals naturally occurring in soils (Mintetsal., 1995; Choudhary et al., 2002). In
saline or sodic soils, application of organic mattey increase leaching of sodium, reduce
soil salinity, and increase soil water holding aadfyaand aggregate stability (Qadir et al.,
2001). Moreover, Jalali and Ranjbar (2009) showsithgi organic amendments increased
cation exchange capacity, saturated calcium (Cagnesium (Mg), and potassium (K)
exchange sites, and prevented sodium from entdhisgexchange phase. When organic
amendments are added to saline-sodic soils, mateirsois leached from soils, and soil
properties such as infiltrability, water holdingpea&ity, and aggregate stability are increased,
while salinity and exchangeable sodium percentagdirced (Qadir et al., 2001). Moreover,
application of organic amendments reduces exchahgemdium percentage (Qadir et al.,
2003; Tejada et al., 2006). The researches hawerstimat the using of gypsum, compost and
organic matter in saline soils increase leachingpolium, soil permeability and are decreased
soil exchangeable sodium and electrical condugtififada et al., 2006).

Considering sodic soils in Iran often contain aaiciin the form of calcium carbonate, it is
possible to use sulfur for amending these soilg phrpose of the study was to determine
effective sulfur on soil micronutrients concentoas (Iron (Fe), Zinc (Zn)) and influenced
soil pH and salinity in saline.

2.Materialsand-Methods MATERIALSAND METHODS [Formatted: All caps ]

A factorial experiment using the randomized compleibcks design with three replications Iam not sure if it was :[1AJComment

was conducted in saline-alkali soils 45 km on Ahxegions of South west Iran. There were | randomized complete blocks design. According with

d iption th "main plots" d
10 treatments. The each plots area was 4x2.5 EJ.OM\amur(_a levels (cow manure), 0 gV e st i oate ot
and 40 t/ha (M), were applied to thb main plbi;s; “Sulfur in thenfoof pelletized sulfur- two factorial experiment with split-plot design.
bentonite mixture (made by Iran petrochemical matiocompany) andThiobacillus. [ ???:[ZA]CommentJ

thiooxidans (5 treatments), including SO (the control withsudfur), § (sulfur as the gypsum
requirement: 1620 kg/ha), $sulfur twice as much as the gypsum requireme240kg/ha),
S,T (S,+ Thiobacillus. thiooxidans), and ST (Sy+ Thiobacillus. thiooxidans) were in the sub
plotgg_ 7777777777777777777777777777777777777777777777777777777777777 [ 2?7 :[3A]Comment ]
Gypsum requirement (GR) was calculated as fallosgaehtionl:

GR_(ESPi— ESPfxCECxBDxDx8.61

100f

ESPi: Initial ESP; ESPf: Final ESP; CEC: Cation lkatage Capacity (me.100 /grsoil); BD:
Bulk density (gr/cr); D: Soil depth (cm) and f: Gypsum convert coééfitt to sulfur (0.57).

The soil samples were taken in depths of 0-30 terdene initial soil properties, and water
samples were taken to evaluate irrigation watedityum the region. After applying the
treatments, the plots were irrigated. Irrigatioteimal during the experiment was determined
by monitoring soil moisture. At the end of the espent, soil samples were taken from
depths of 0-30 cm in each treatment, and pH, sdihisy, sodium adsorption ratio (SAR),
and available iron (Fe) and Zn (Zinc) were measur@dailable Zn and Fe concentration
were extracted by 0.05 M diethylene triamine pecgtia acid (DTPA) (Lindsay and Norvell,
1978) and measured by furnace atomic absorptioctrspeetry (Perkin Elmer model 3100).
Soil pH was measured in saturated paste using metdr (Model Metrohm 644), electrical
conductivity (EC) in saturated paste extract by ra€er (Model Metrohm 691).The SAR
was calculated using equation follow as:

_ Na*
SAR 2[cazt+Mg2t)2



Where Na (sodium), Ca (calcium) and Mg (magnesitan®@ the concentrations are
concentrations (in meqg/l) of sodium, calcium, andgmesium ions in the soil solution.
Concentrations of sodium, calcium, and magnesiuendatermined by first extracting the
ions from the soil into solution. The MSTAT-C softre (a software can analyze statistical
designs) was applied for statistical analysis efdhta and for the preparation of the variance
analysis, and Duncan’s multiple range test was eyepl for comparison of the means.

3.Resultsand-discussion RESUL TS AND DISCUSSION [Formatted: All caps

Table 1, shows results obtained from analysis tbkamples taken in the region.

Tablek. Soil chemical properties analysis

Depth EC* pH OC SAR P K TNV Sand Silt Clay
(cm)  (dS/m) (%) (mg/kg) (mg/kg) (%) (%) (%) (%)
0-30 33.€ 8 0.2: 273 2z 252 50 44 36 20

* EC: Electrical conductivity; pH: Soil acidity; © Organic carbone; SAR: Sodium absorption ratio; P
Phosphorous; K; Potassium; TNV: Total neutralizatialue;

Soil salinity (EC>4) and sodium absorption raticARS>13) exceeded the standard limits
(classification of salt-affected soils by US Saliniiaboratory, 1954) and, hence, the soil was
saline-sodic. Moreover, the soil was classifiedasareous, and it had a medium texture.
Table 2 shows results observed in the analysigatér samples taken in the region.

Table2. Water chemical properties analysis

EC pH HCQ CI  Sag° TA cd’ Mg” Na T.C
(l.l S/m) - me/l B In table 1 E_C was expre5§ed in :[4A]Comme_n_t
1990 7.9 4 11 5.4 204 6 4 104 20.4 dS/m. Itis a bit confusing. Please use one unit in

whole manuscript.

T.A: Total Anions, T.C: Total Cations

Irrigation water salinity was in class®& (salinity: 750-2250 uS/m and SAR<10) of Wilcox
water quality table. Therefore, the water in thgioe was classified as very saline and of low
sodium concentration.

3.1 Effects of treatments Treatments on seH-Soil propertiesProperties
Results of ANOVA related to the applied treatmearts presented in Table 3.

TableX. Analysis of<oil propertiesvariance

S.0.V d.f Salinity pH SAR Fe Zn
Replicatior 2 448.2  0.00] 46.€ 1.1¢ 1.4
OM 1 2239.4° 0.2 77.1* 0.3¢ 6.8*
Sulfur (S) 4 302.3  0.023 38.1 1.11 14
OMx S 4 285..  0.03¢ 8.t 3.8 0.7t
Errot 18  247.5 0.02¢ 20.€ 2.4i 1.3

*- There is a significant difference between treatits at 0.05 levels (p<0.05)

The individual effects of organic matter on sajiniSAR, and Zn showed statistically
significant differences (p<0.05). However, the indual effects of sulfur on none of the
studied properties were significantly different (p85). Moreover, the interactive effects of
organic matter and sulfur on the studied propertiEs not show statistically significant
differences (p<0.05). Comparison of the means sHothe individual effects of organic
matter application on all of the studied propert{egcept Fe) were significant (p<0.05)
(Table 4).



Table_4:. Comparison ofthe rrean: soil propertie of the study interactions betwe
sulfur and organic matter (0-30 cm)

Treatment EC pH SAR Zn Fe
(dS/m) (mg/kg) (mg/kg)

SO 21.6 b* 7.6a 15.5ab 1.7b 53a
S1 245t 7.53ab 15 ab 1.93 al 6.3¢

s S 24.6t 7.53ab 11.6al 2.82 al 7.1¢
SiT 16.7 t 7.57al 10.6al 2.00 al 8.2¢
ST 20.7b 7.54abc 99D 2.7 ab 6.3a
So 54.4 a 727cd 194a 3.7ab 6.1a
S 46.3 al 7.23 ¢« 18.2 al 2.87 al 7.5¢

s S 21.5t 7.57a 119al 4.1¢ 7.4 ¢
ST 41.9 ab 7.3bcd 13.1ab 2.3ab 6.4a
ST 39.4 ab 7.4 a-d 13 ab 3.1ab 7.6a

*: The similar letters has not significant diffeces at p<0.05, Y Without organic matter M Using 40 (tons/ha); ¢S
Without sulfur, $: Using sulfur as gypsum requirement, §/sing Sulfur as 2-fold gypsum requirement; T: ngsi
Thiobacillus. thiooxidans

When the rate of organic matter application wasegito 40 t/ha, salinity levels increased.
This shows the organic matter used in the expetimves not of good quality. Application of
various rates of sulfur together withiobacillus thiooxidansbacteria did not have significant
effects on the studied properties (p<0.05), butyapg sulfur (individually or together with
Thiobacillus thiooxidans) had positive effects on improving the studiedpemies (although
these improvements did not cause statisticallyifiogmt differences p<0.05).

3.2 Interactive eEffects of tTreatments on sSoil pProperties

Table 4 revealed that the interactive effects & #pplied treatments on the measured
properties. The means of the interactive effectssalinity levels were different in the
treatment, where organic matter was not appliecbagpared to treatments with various rates
of sulfur application. All organic matter treatmgrtad significantly increased on the mean
salinity levels, this is due to organic matter usethe experiment was of high salt-containing
and caused these changes in the soil. Furtherrtferetrend of changes in salinity at both
rates of organic matter application showed that haous sulfur application treatments
caused reducing soil salinity. In treatments, whteeorganic matter (high-salt containing)
was applied, these changes were more pronouncedadindy declined from 54.4 dS/m in
the MiS to 21.5 dS/m in the M, (Table 4).

Management of salinity and sodicity become moreplmated when both occur in the same
soil together. In research conducted in Iran, th&tive effects of sulfur in reducing soil pH,
salinity, and sodic, were greatest in Golestan ipe/followed by Orumiyeh Province in the
second place. However, sulfur application did navehthese effects (or only had slight
effects) in other provinces (Mohajer-Milani, 200@).saline-sodic soil normally does not
exhibit strong sodicity symptoms. The Ca can bdamga with sodium due to it has more
valiant and ionic strength. Soil amendments areeri@$, such as gypsum, that directly
supply soluble calcium for the replacement of exgemble sodium, or other substances,
such as or sulfur acid and or sulfur, that indisettirough chemical or biological action,
make the relatively insoluble calcium carbonate wmmly found in sodic soils, available for
replacement of sodium.

The interactive effects of sulfur and organic nraégplication reduced soil SAR from 15.5 in
the MyS treatment to 9.9 in the §&,T treatment (in which sulfur was used together with
Thiobacillus thiocoxidans) (Table 4). Moreover, application of organic matsggnificantly
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increased SAR (as compared to treatments in whiganic matter was not applied) because
the organic matter was of the high salt-containiegen under these conditions, the trend of
changes in the studied properties was a desceratigsulfur application improved the sodic
condition of the soil.

Application of sulfur and organic matter also caliskanges in the chemical properties of the
soil (such as its sodium and chlorine contentsy #iese changes were similar to those
observed in salinity levels and in SAR. Applyingganic matter and sulfur caused relative
improvement in soil chemical properties and impbgaline and sodic conditions of the soil
(Table 4). The interactive effects of organic natiad sulfur on the levels of Fe and Zn
availability are shown in Table 4, and Figurel sb@hanges in the concentrations of Zn and
Fe. Sulfur application significantly increased #adaility of nutrients so that Zn concentration
increased from 1.7 in the control to 4.1 mg/kghe WS, treatment.
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Figure 1:. Intractive effects organic matter @nZn and Fe concentration

Furthermore, changes in concentrations of nutrierése greater in treatments of organic
matter application compared to treatments in whiidianic matter was not applied. Results
shown in Table 4 indicate Fe concentrations folldwaesimilar trend and increased from 5.3
in the MyS, treatment to 8.2 mg/kg in the g&T treatment (but this increase was not
statistically significant p<0.05).

Figure 2 indicates changes in SAR and in conceéatraiof micronutrients (Fe and Zn).
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Figure. 2:. Intractive effects organic matter and sulfur
SAR and Fe and Zn concentrations (mg/kg)

Quality of this figure is not :[SA]JComment
acceptable.




SAR followed a descending trend when higher ratéssuwfur were applied without
Thiobacillus thiooxidans and declined from 15.5 in the & treatment to 9.9 in the §8,T
treatment, which was a significant reduction. With decrease in SAR, concentrations of Zn
and Fe followed an ascending trend. In other wondt) soil sodic improved, soil fertility
also followed an ascending trend of improvement.shswn in Table 4, SAR substantially
increased with increased rates of organic mattptiGgtion, and this increase in SAR can
have adverse effects on concentrations of nutrié¢fasvever, increasing both the application
rates of sulfurand Thiobacillus thiocoxidans, will increase Zn and Fe availability, which
modifies soil salinity and sodicity. This positieéfect results from converting S to $tby
Thiobacillus thiooxidans, which increases the acidity of soil solution dmahce increasing Fe
and Zn solubility in soil.

4. CONCLUSION

Saline and sodic soils are main challenge for adjtical plan on Khuzestan province, Iran. In
saline and sodic soils, high pH strongly have affé®n soil micronutrient availability. The
results showed that the manure and sulfur Withobacillus thiooxidans treatments were
significant difference on soil EC, SAR and Zn DTRtractable. So, this is very effective to
reduce micronutrient deficiencies (iron, zinc) e tproduction of healthy agricultural crop
and food in saline and sodic soils.

The comparison between means of different treasnemtealed significant differences in
DTPA-extractable Zn concentrations among treatments

In summary application of a combination of manurel ssulfure is recommended for
reclaiming soil salinity and sodicity. In additioas pervious researches showed, the
application of these amendments increases micrientgruptake (e.g. Fe and Zn) by crops.

This article is extracted from research design it@’tEvaluations pellets bentonite sulfur

application on Fe and Zn bioavailability of salizwed sodic soil” that supported as finance by
Ahvaz Branch, Islamic Azad University, Iran. Herelaythors have special thanks for this
cooperation from research and technology vice geesi of Ahvaz Islamic Branch, Azad

University, Iran.
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