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Abstract
Olive mill wastewater (OMW) is one of complex wastewagenerated by the olive oil extraction process. It is

characterized by high values of COD, BOD and phytotoxiel¢euf polyphenols, but also by a high amount of
organic compounds and plant mineral nutrients. Therefore, OMW $preading may represent a low cost
contribution to soil amendment. Olive mill wastewateMiW) spraying effects onto soil physico-chemicals
characteristics were investigated. Three OMW doses 50, 10®Ghdr ha' year' were applied for ten

successive years on sandy soil. The findings showedhthqitHt of the soil, electrical conductivity and organic
matter, total nitrogen, phosphorus, sodium, and potassiilraositents increased with increased OMW supply.

While, no variations were recorded in calcium and madgnesn soil contents.
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Introduction

The olive oil produced in the world is mainly from thediterranean countries, with Tunisia as one of the five
major producers. Olive oil produces a highly polluted wastewater and it’s depending on many factors, such as olives
type and maturity, climatic conditions and region afjior, cultivation methods, and technology used for the extractio
process. Olive mill wastewater (OMW) has been a afitenvironmental problem concern for the most olbie
producing countries. It is characterised by large volumesityaliow pH, high organic load and amount of toxical-
phytotoxical compounds, such as polyphenol (Di Bene et al.,, ZHari et al., 2013).

Different disposal methods based on evaporation pondsnah@oncentration, physico-chemical and biological
treatments as well as direct application to agricultsmills as organic fertilizers have been proposed (Rozki an
Malpei,1996; Kallel et al., 2009; Belaid et al., 2013). Scoheracteristics of OMW are favouraliter agriculture, since
this effluent is rich in organic matter, nitrogen, phosphorous, potassium and magnesium (Mechri et al., 20a%yiGH
al., 2013). So soils in semi arid areas have a very ldviemt availability and lowerganic matter content (Garcia et al.,
1994). OMW contains an important level of organic mattamsitlerable quantities of nutrients and are a non negligible
water source (Ammar et al., 2005; Mechri et al., 2008). Moredwéncludes various simple and complex phenolic
compounds, generating antimicrobial and phytotoxic effectshiidlaa et al., 2009). Although, its polyphenolic fraction
was gradually degraded with time and partially transformed lumic substances. Thus, polyphenol degradation and
incorporation into the soil humic fraction depend owiremmental conditions (Sierra et al., 2007). Several papers
showed adverse effects on the direct application dfl fe¥W (Azbar et al., 2004) such as soil salinization (Paretle
al., 1987; Abdullah and Khalid, 2007), phytotoxicity (Mekki et 2D06; Saadi et al., 2007) and groundwater quality
degradation (Saadi et al., 2007). Mekki et al. (2006) have reporteBOta/hakr OMW application rate significantly
decreasing the risk of groundwater contamination by avoitieg@tcumulation of high BOD load in the soil. Altieri e



International Journal of Interdisciplinary and Multidisaiglry Studies (1JIMS), 2014, Vol 2, No.1, 175-183. 176

al. (2008) reported that OMW spreading on top soil may have beneficial effects such as nutrient availability for plant
growth. Chartzoulakis et al. (2010) showed that after 3 years of raw OMW application there were no significant
differences in pH, EC, P, Na and organic matter betweemat@nd OMW-treated soils. Existing data on effects of
OMW on soil properties is several cases contradictooyéver, the direct application to agricultural soils agaoic
fertilizers is the most frequently used method nowadayskMet al., 2006; Ben-Rouina et al., 1999) and also using
OMW for irrigation offsets the water scarcity and lowl seitility in the Mediterranean region.

The objective of the present investigation was to stbhdympact of OMW spreadingn several physico-chemical

soil properties and soil-phenolic compound evolutiomatdifferent soil-layers of designated olive tree test-si
Materials and methods
Field investigation

The experimental site was a field located‘@haaf experimental station, at 60 Km South-West in Sfax region
(Tunisia, latitude North 34° 3°, longitude East 10° 20°). The climate of the region is typical Mediterranean, sewhigri
arid, with an average rainfall of 210 mm year

The olive-trees field was divided into four plots (TO, TH000 and T200). The latter three were annually spreading
with the same annual dose of raw OMW each January (duriygdr$). The experimental plots T50, T100 and T200
have been respectively spread with 50, 100, and Zagifmof OMW (Mekki et al., 2007). The plot TO was served as

control.

Soil samples were collected from each plot at diffet@ygrs 0-20, 20-40, 40-60 and 60-80 cm, using a soil auger. All
samples were taken three months after OMW applicatidihsamples were collected, air dried, passed throughm@2 m

sieve and then stored at 4 °C prior to analysis.
OMW applied characterization

Fresh OMW was taken from evaporation ponds on the extnadtiotory located in Chaal and then was
characterized before applicatidBlectrical conductivity (EC) was measured using a conductiwmiyer and pH using
pH-meter. The chemical oxygen demand and Biochemical oxygen demaredetermined according AFNOR T 90-
101 and the respirometric method respectively. Total plooaphP was measured calorimetrically (Olsen and
Sommers, 1982) and total nitrogen was determined as desoriti§egldhal method. The organic matter was measured
after incineration samples at 550°C for 4 h. Total phermdmpounds was determined using the Fdliocalteau
method (Box, 1983) and 'K Na', C&" and Md" by atomic absorption spectrophotometry (Thermo Fisleengfic
ICE 3000.

Soil analysis

Soil analyses for pH, EC, Na, K, Ca, Mg and organic mg®&1) were performed three months after OMW
application at four depths: 0-20; 20-40; 40-60 and 60-80 cm. So#riel pH were measured by a conductivity meter
(Model WTW LF 90) and pH meter (Model EA940, Orion, USAkpectively. Walkley-Black method was used for
soil organic matter analyse."KNa', Ca* and Md" were extracted by ammonium acetate and determined by atomic
absorption spectrophotometry (Thermo Fisher Scientifi€3@D0).
Sodium adsorption ratio (SAR) was determined frori &tal C&' plus M¢f* in the soil solution (Sumner et al., 1998).
In order to obtain the Sodium adsorption ratio (SAR), tHeviing formula was used:

SAR= [Na/ (([Ca™ + Mg*1)/2)"* (1)
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Polyphenol extraction and quantification
Polyphenols were extracted with using ratio 1:5 (v/w) wikthanol from each sample soil (Avallone et al., 1997)
and was measured by the Feliocalteau method (Box, 1983).

Results and Discussion

Characteristics of the soil and OMW used for irrigation

The soil texture characteristic is a sandy soil (clay 45iR61.3%, sand 94%), with low OM and calcium carbonate
contents (Table 1). It was moderately alkaline (pH = @n8)classified as a non saline soil (EC<4 dS m ). The cation
exchange capacity (CEC) was 6236 ppm. This kind of soil is deairaad by very low fertility (O<CEC<10 mg/100g)
and nutrients contents.

Table 2shows the measured physicochemical properties of wiillevaste water. The OMW was acidic pH 4,63
with high pollution load composed of organic matter (116.3™% &nd mineral matter (13.2 g'). The analyses
performed on this effluent showed that total organic cafB@®C) and chemical oxygen demand (COD) values exceed
the authorised standards limits and were 24 and 87 g/L teghecAssay of polyphenols leads to an estimated value
of around 4.2 g/L thought to be the origin of OMW toxicitBelaid et al. (2013) showed that OMW-analysed by
GC/MS led to identify carboxylic acids, fatty acids and 1&rmhic monomers among them neutral phenolic

compounds and phenolic acids.

OMW effect on pH, EC and organic matter content of soil

The pH variations of the OMW amended soil at the difiersoil layers after OMW treatments are presented in
Table 3 The results showed that the pH of the different sgérkavaried from 7.4 to 8.3. During the OMW treatment
process, the soil pH at surface horizons2@cm), particularly those of the soil samples treateld 280 ni ha', were
noted to increase in comparison to the control. Thénpkease did not exceed 0.5 units for the soil treated 20hnT
ha'in relation to the control soil. Mekki et al. (2007) repdrthat pH does not vary according to the depth. Magdich et
al. (2013) reported that the soil pH at surface horizomsgeenith OMW, were noted to decrease in comparisoreto th
control, which could presumably be attributed to the acidione of OMW. Mkhabela and Warman (2005) reported
that the increase of pH may be due to the mineralizatiacarbon which product OH ions by ligand exchange, ssich a
K *, C&* andMg?*, or to the Na brought by this waste which generates Nat®ore alkaline hydrolysis than the
CaCaQ.

In this case, electrical conductivity (EC) was signifibaaffected by the application of OMW, showing increases
after spreading in the treated soils compared with théras. Nevertheless, EC values remained below thgityali
threshold (4000 pS ch), except for soil samples treated with 100 and 28Mat in the upper layer. These results
were consistent with previous works, reporting EC insgsaduring the irrigation times (Chartzoulakis et al., 2010;
Kavvadias et al., 2010; Moraetis et al., 2011; Di Bené ,e2@13).

As a consequence of irrigation with OMW, the OM conterthe topsoil increased from 0.18% in the control to 0.4,
0.7 and 0.8 % after 50, 100 and 208 ma* of OMW application, respectivelyT&ble 3. Moreover, the soil surface
horizons (820 cm) were noted to exhibit the highest levels of sojjabic matter content. The most important
difference was particularly observed between the 28®art treated soil and non treated soil. Furthermore, fer th
treatment using the highest amount of OMW, the orgaaitter content recorded in the surface horizon reacheld< f
(0.76%) as compared to the control (0.18%).
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OMW effect on phosphorus and nitrogen contents of soil

An increase in total N following irrigation with OMW wadsa been observed (Figurel). Furthermore, for the
treatment using the highest amount of OMW, the total N comézorded in the surface horizon reached 2.2 folds (320
ppm) as compared to the control (150 ppm). Several studiegdhan increase in organic matter content, total N and
C/N ratio following irrigation with OMW and may have a beaial effect on soil fertility (Mekki et al., 2006; Bruniett
et al., 2007; Sierra et al., 2007; Mechri et al., 2008).

As regards phosphorus, results revealed a significgpadimof the OMW disposalF{gured. The application of
OMW was also noted to enhance the total phosphorusntantthe soil. The highest levels of P content wecerded
at 0-20 cm depths for all the treatments. Magdich et al. (2048)rted that no improvement in soil P content was
observed after 3 years of treatment with OMW.

Sail K, Ca and Mg contents progress

The highest increase of K content was recorded atgher layers of the soil {20 cm) (Table 4). In fact, the most
important level of soil K content (1250 mg Rgwas registered at the surface layer2@ cm) of the soil treated with
200 n? OMW ha' year. This level was almost 10 times higher than that endbntrol. The lowest soil K content
values were found at the deeper layers of soil with albifierent assayed treatment of OMW spreading. DieBatral.
(2013) reported that ¥, was significantly affected by the OMW treatment ahlspreading sites and, just after OMW
disposal. According to this authork, values were found to be four to 10 fold higher than the obdemres in the
control. Magdich et al. (2013) has reported a significacresse of soil K concentration with a value of around (985
ppm) at the surface layer-®0 cm) of the soil treated with dose 208/mal yr of OMW. Accordingly, this level was
almost 6 times higher than that in the control. €hessults provide support for the proposals in the titegathe
candidacy of OMW for application as an alternative Kilfeer (Montemurro et al., 2004; Di Serio et al., 2008).

As far as the soil calcium and magnesium contents wencerned, no significant difference were noted betwee
the treatments for the different levels of OMW sailemdment (Table 4). Chartzoulakis et al. (2010) reported that the
only significant changes in soil composition observethsoil treated with OMW were the increase of Kaiind total
phenols, in accordance to previous reports (Paredes, €i9817; Levi-Minzi et al., 1992; Mechri et al., 2008). The
increase in soil K can improve soil fertility and reduithe use of chemical fertilizers. Sopher and Baird (1@§#)rted
that the ideal cation ratios recommended for plant use:wWza/Mg, 6.5/1, Ca/K 13/1, and Mg/K, 2/1. The ratios Ca/K
and Mg/K after OMW decreased as compared to control. A significant factor affecting plant mineral nutrition is the Ca
and Mg ratio (Ca/Mg) in the soil. The most optimal Ca/Mgorati soils for plant nutrition is -8B/1(Rinkis and
Nollendorf, 1982). The average Ca/Mg ratio found in our study was higher, gigneeaveen 17/1 and 10/1, and
therefore unfavourable for Ca uptake from the soil. Thie s 17/1for untreated soil and decrease in treatedvitil
200 n? OMW ha/ y to 10/ 1.

Sodium content and SAR value progress

The potential impact of irrigation water quality on siiflucture can be evaluated using sodium content and sodium
absorption ratio (SAR) values, as shown in Figure 3. Casdpiar the control, significant increments were obsemved
terms of sodium absorption ratio (SAR) value and the sodamtent distributions in the different soil layers under the
different rates of OMW spreading. The highest increasmdium content and SAR values was recorded at the upper
layers of the soil (620 and 2640 cm).The sodium concentration at the upper laye2q@m) of soil treated with the
highest rate of OMW was almost two folds higher than dfighe control (Table 3). Soils accumulate sodium is in
direct relation to the sodium absorption ratio (SAR) of impOMW. The greater amount of salts in OMW supplied to

the soil may have increased Na concentrations isdti€Figure 3). However, the SAR values were far belowithi¢
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(> 15) established to define saline-sodic soils (Mahdy 2011). If irrigation water with a high SAR is applied to a &mil
years, the sodium in the water can displace the calaiuinmagnesium in the soil. This will cause a decreadeei
ability of the soil to form stable aggregates and a @dssoil structure. Mahmoud et al. (2010) reported that high
concentrations of K and Na in the applied OMW probadétlyto an increase in exchangeable sodium percentage (ESP)
and a subsequent degradation of soil structure. Michehl @008)reported that oil and grease in wastewater used for
irrigation can accumulate in the soil and may lead to a significant reduction in the soil’s ability to transmit water.
Polyphenolic compound content in the soil

The high content of polyphenols in the OMW stronglyeetiéd their occurrence in the soil. The polyphenolic
compound content in the soil showed an increase witinténease of OMW spraying.

We noted also a decrease of polyphenolic contentdeigith (Table 5), within the successive investigated lagers
to 80 cm). Jarboui et al. (2008) showed that in the upperaseit,Ithe polyphenol cumulative effect was influenced by

soil structure and the substrate solubility.

Conclusion

The results from this study showed that the fertilimapotential of OMW is considerable especially for Nariel K.
The total NPK fertilization with 200 PnOMW ha' year'resulted in 2 times more nitrogen and phosphorus and 10
times more potassium than control. Electrical conditgtin the soil remained below the salinization thiaddh
therefore no impact was observed on the soil qualibyvever, the addition of 200%ha could affect the salinity of the

soil after long-term applications of OMW.

Acknowledgments
This research wafinancially supported by Ministry of Higher Education, Scientific Reseaand Information and

Communication Technologies.

References
Abdullah M.A and Khalid M H. Implementation of obumill by products in agriculture. World J. Agr. S&Q07; 3:380-385.

Altieri R and Esposito A. Olive orchard amended witlo experimental olive mill wastes mixtures: Effectsswil organic carbon, plant growth and
yield. Bioressource TechnpR008;99:83908393.

Ammar E, Nasri M and Medhioul. Isolation of phenol degrading Enterobacteria from Waste water of olive oil extraction process. World J
Microb. Biot., 2005; 21253-259.

Avallone R, Polossi M, Baraldi M. et al. Determinatiohchemical composition of caroprotein fat carbalayels and tannins. J. Food Comp. Anal
1997 10: 1664172.

Azbar N, Bayram A, Filibeli A et al. A review of wasteanagement options in olive oil production. Cri. Rénv. Sci. Technal2004; 34:209-
247.

Belaid C, Khadraoui M, Mseddi S et al. Electrochetniceatment of olive mill wastewater: Treatment extantl effluent phenolic compounds
monitoring using some uncommon analytical tools @agResearch Articlel. Env. Sci.,, 2013;25:220-230.

Ben-Rouina B, Taamallah H and Ammar E.. Vegetatiotermased as a fertilizer on young olive plants. Adtat., 1999; 474353-355.

Box JD. Investigation of the FoliiCiocalteau phenol reagent for the determination ofgienolic substances in natural watéater Resour. Res.
1983; 17: 511522.

Brunetti G, Senesi N and Plaza C. Effects of amendméht tneated and untreated olive oil mill wastewaters soil properties, soil humic
substances and wheat yield. Geodera@®7; 138144-152.

Chaari L, Elloumi N, Gargouri K et al. Evolution ofvgeal soil properties following amendment with olivél wastewater. Desalin. Water Treat
2013;1-7.

Chartzoulakis K, Psarras G, Moutsopoulou M et al. Agion of olive wastewater to Cretan olive orchard: &feon soil properties, plant

performance and the environment. Agric. Ecosyst.ifBny 2010; 138293-298.


http://www.sciencedirect.com/science/article/pii/S1001074212600370
http://www.sciencedirect.com/science/article/pii/S1001074212600370
http://www.sciencedirect.com/science/article/pii/S1001074212600370

International Journal of Interdisciplinary and Multidisaiglry Studies (1JIMS), 2014, Vol 2, No.1, 175-183. 180

Di Bene C, Pellegrino EDebolini M et al. Short- and long-term effects of elimill wastewater land spreading on soil chemical hiological

properties. Soil Biol. Biochen2013; 56:21-33.

Di SerioMG, Lnza B, Mucciarella MR et al. Effects of olive millastewater spreading on the physico-chemical andobim@ogical characteristics

of soil. Int. Biodeter. Biodegr2008; 62:403-407.

Garcia C, Hernandez T and Co§taMicrobial activity in soils under Mediterranean enwvineental condition. Soil Biol. Biochenil994; 26: 1185-

1191.

Hachicha S, Cegarra J, Sellami F etEimination of polyphenol toxicity from olive mill watewater sludge by its co-composting with sesame bark

J. Hazard. Mater., 2009;61: 1131-1139.

Jarboui R, Sellami F, Kharroubi A et &live mill wastewater stabilization in open-air gien Impacts on clay sandy soil. Bioressource Technol.

2008; 99: 76997708.

Kallel M, Belaid C, Boussahel R et al. Olive mill wassater degradation by Fenton oxidation with zer@ngiron and hydrogen peroxide. J.

Hazard. Mater.2009;163550-554.

Kavvadias V, Doula MK and Liakopoulou N. Disposdilolive oil mill wastes in evaporation ponds: Effeots soil properties. J. Hazard. Mater.

2010;182: 144t55.

Levi-Minzi R, Saviozzi A, Riffaldi R et al. Lo smaltiméo in campo delle acque di vegetazionelgffaille proprieta del terreno. OlivaE992;40:

20-25.

Magdich S, Ben Ahmed C, Jarboui R et Blose and frequency dependent effects of olive mitevavater treatment on the chemical and microbial

properties of soil. Chemosphere, 2013; B396-1903.

Mahdy AM. Soil properties and wheat growth and rautts as affected by compost amendment under salireg inagation. Pedospher2011; 21:

773781.

Mahmoud M, Janssen M, Haboub N etEhe impact of olive mill wastewater application dowf and transport properties in soils. Soil TilRes,

2010; 10736-41.

Mechri B, Ben Mariem F, Baham M et al. Change in godperties and the soil microbial community followitend spreading of olive mill

wastewater affects olive trees key physiological parameind the abundance of arbuscular Mycorrhizal f8gj. Biol. Biochem., 2008; 40: 152

161.

Mechri B, Cheheb H, Boussadia O et Bffects of agronomic application of olive mill wastewater in a field of olive trees on carbohydrate profiles,

chlorophyll a fluorescence and mineral nutrient content. Environ. Exp., B011; 71:184-191.

Mekki A, Dhouib A, Aloui F et al. Olive wastewates an ecological fertilizer. Agron. Sustain. DE006; 26:61-67.

Mekki A, Dhouib A and Sayadi S. Polyphenols dynasvaad phytotoxicity in a soil amended by olive mitistewaters. J. Environ. Manage., 2007,
84:134-140.

Michael AM. Irrigation theory and practice. Second edition: Vikablizhing house2008.

Mkhabela M and WarmanRR The influence of municipal solid waste compost @ldy soil phosphorus availability and uptake by twegetable

crops, grown in a Pugwash sandy loam soil in Now@i&cAgric. Ecosyst. Environ2005;10657-67.

Montemurro F, Convertini G and Ferri D. Mill wastewaterdaanlive pomace compost as amendments for ryegrass.néwmie, 2004;

24:481-486.

Moraetis D, Stamati FE, Nikolaidis NP et al. Olivéllnvastewater irrigation of maize: Impacts on soibdagroundwater. Agric. Water Manage.

2011;98:11254132.

Olsen SR and Sommet&. Methods of soil analysis, part 2. In: Page A.LHRMilller and D.R. Keeny.editors, Madison: Americ8ociety of

Agronomy,1982

Paredes MJ, Moreno E, Ramos-Cormenzana A et al. Chestics of soil after pollution with wastewaters frastive oil extraction plarg

Chemospherel987; 16:1557-1564.

Rinkis G and Nollendorfs V. Macro and micronutrientb&ianced nutrition of plants. Zinatne Riga, 19822.

Rozzi A and Malpei F. Treatment and disposal of otiit effluents. Int. Biodeter.Biodegrl996; 38:135-144.

Saadi | Laor Y, Raviv M et alLand spreading of olive mill wastewater: effects on suitrobial activity and potential phytotoxicity. Chesphere

2007;66: 75-83.

Sierra J, Marti E , Garau M et aEffects of the agronomic use of olive oil mill wasteéerafield experiment. Sci. Total Enviror2007;378 90-94.

SopherCD and Baird JV. Soils and Soil Management. Virginiat&e Publishing compan§982.

Sumner, M.E., Rengasamy P. and Naidu R.,. Sodic:JolReappraisal. Sodic Soils: Distribution, PropertdManagement, and Environmental

Consequences. Oxford University Press, New Yb808


http://www.sciencedirect.com/science/article/pii/S0304389408010224

International Journal of Interdisciplinary and Multidiseiplry Studies (1JIMS), 2014, Vol 2, No.1, 175-183.

Table 1. Characternization of Chaal soil sample.
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Table 2. Phvsico-chemical properties of ONIW effluent spread
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Table 3. Evolution of soil pH, electrical conductivity (g8i*) and organic matter content (%) at tt

different layers in the experimented field.

Lavers (cm)

Dosss (mf. ha"';.-'ear"'}

0 30 100 200
pH 0-20 75 13 7.6 Ay
20-40 74 72 7.8 8.3
40-60 7 7.8 g
a0-80 17 7.6 8 B
EC (pS/cm) 0-20 631 2055 4133 5083
20-40 633 1217 1060 2153
40-60 4D 1049 1202 2025
60-80 788 T30 1082 1985
OMI(%a) 0-20 0.18 (.33 (.60 076
20-40 0.18 (28 .62 065
40-60 0.07 .20 (.41 045
60-80 0.07 .07 (.14 034
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Table 4. Evolution of soil total potassium, calciund amagnesium contents (mg/kg) at the different layers in the
experimented field.

Tre atrne nt Drepth B a g Cahlg Ca Tk I P
Clonteol O -20 144 5260 240 15 47 2653 236
200 1365 £340 380 14 05 39 25 T
4050 101 5320 420 12,67 5267 416
SO-50 101 5260 <HOH0 1315 S5Z.08 3 .95
TS0 O-Z0 550 5200 300 1733 L= ] OS5
Z20=40 172 5180 20 15 24 0.1z 198
050 B9 5120 320 1600 ST.53 3 60
BO-80 Te ) 340 1453 62 .53 4 30
A ] O-20 850 5220 320 1631 L I 038
2040 A0 5 1aG0 350 1433 12 90 =R
A0 142 2120 00 12 80 F5 0G 2 82
SO-80 o SO 340 1471 051 343
T 200 -2 1250 a0 i 1065 I 92 037
200 T SO0 440 11.50 T.23 D53
G050 550 S0Z0 350 13 .94 913 OGS
SO-E0 1581 4 B0 300 16 20 26_ 85 1.66

Table 5. Amount of soil polyphenols after OMW spreadihgvo soil depths (810 and 4680 cm). Means with

letters a b ¢ and d indicate a significant difference at P < 0.05.

OMW applied (nf ha™)

Lavers (cm) 0 30 LLL 20
040 157 e M0F 3|
40-80 187 Ukt kg iy
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Figure 1. Effect of OMW application on soil total nitrogen content at two soil depths (0—40 and 40-80 cm).
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Figure 2. Effect of OMW application on soil phosphorus content at foursoil depths(0-20, 20—40,40—60 and 60-

80 cm).
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Figure 3. Evolution of sodium absorption ratio (SAR) and sodiontent (ppm) at the different layers in the

experimented field.
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