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ABSTRACT

Sadeaka Abd El-Wahed Ahmed. Impact of use of treated

wastewater on some eco-agricultural characteristics in Bahr El-Bakar

area. Unpublished Master of Science Dissertation, University of Ain

Shams, Faculty of Agriculture, Department of Soil Science, ٢٠٠٧.
The aim of this study was to assess and evaluate water quality of Bahr

El-Bakar drain and Nile water from Bahr Muis canal as a control which are

reused for irrigation of some soils of Bahr El-Bakar area in Sharkia

Governorate and their effect on soil characteristics and growing crops.

Moreover, studies to improve some soil characteristics through equilibration

pot experiment by applying certain usual amendments i.e., gypsum and

compost as well as unusual ones i.e., byproduct-١ and byproduct-٢ (waste

products from Citric Company) to the tested soil. A field experiment was

conducted to study the effect of above treatments i.e., byproduct-١ and (١/٢
byproduct-١+ ١/٢ byproduct-٢) on some soil characteristics as well as yield

and elemental composition of wheat plants.

The results show that water of Bahr El-Bakar drain could be classified

as (causes severe problem), ECw >٢ dS.m-١ and no alkalinity hazard,

SAR<١٠, while waters of Bahr Muis canal was classified as (causes no

salinity problem and no alkalinity hazard). The Cu, Co and Ni concentration

exceeded the permissible limits in Bahr El-Bakar drain. While, Fe, Mn, Zn

and Pb concentrations in all waters were below the permissible limits.

Soil irrigated with wastewater contained relatively lower organic

matter and total calcium carbonate contents compared with soil irrigated with

fresh water. A little differences were found between the tow soil samples in

the clay content and soil moisture constants. Whereas, the higher values of

hydraulic conductivity were in the soil irrigated with fresh water compared

with that irrigated with wastewater. The pH values of the two soils were

below ٨٫٥ with slight increase for soil irrigated with wastewater over that

irrigated with fresh water. The ECe values of soil irrigated with wastewater

was ٧.٦٦ and ٥.٥٨ fold that of soil irrigated with the fresh water in the

surface



and subsurface layers, respectively. The values of SAR increased in surface

and subsurface layers by ٣٠.٥ and ١٦.٢ fold in the soil irrigated with

wastewater compared to that of soil irrigated with fresh water, respectively.

The ESP values of soil irrigated with wastewater were ٢.٢٤ and ٢.٠٥ fold that

of soil irrigated with fresh water in the surface and subsurface layers,

respectively .The soil irrigated with wastewater contained Cu and Ni within

the permissible limits. Irrigation of wastewater significantly decreased

macronutrients compared to irrigation with fresh water in cotton and wheat

plants prior to flowering. The highest values of heavy metals content were

found in plants grown on soil irrigated with wastewater. Although, the levels

of different heavy metals were generally within the normal range.

The physical properties including bulk density and soil moisture

constant as well as the chemical properties including pH, ECe, SAR and ESP

were improved by application of each amendments. Byproduct-١ as well as

(١/٢ byproduct-١compiend with ١/٢ byproduct-٢) proved to be effective more

than other amendments. The (١/٢byproduct-١combiend with ١/٢byproduct-٢)
proved to be significantly more effective than byproduct-١ treatment.

The grain yield of wheat was increased due to byproduct-١ or (١/٢
byproduct-١compiend with ١/٢ byproduct-٢) addition to the soil compared

with the control. The higher effect is obtained with (١/٢byproduct-١+
١/٢byproduct-٢) treatment. Concentration of macro and micronutrients in

leaves and grains of wheat plants increased due to treating soil with the two

byproducts, byproduct-١or (١/٢ byproduct-١compiend with ١/٢ byproduct-٢).
Most of those increases were significant, particularly in case of (١/٢
byproduct-١compiend with ١/٢ byproduct-٢)) treatment.

Key words: Wastewater - Soil physical characteristics - Soil chemical

characteristics - Improvement - Salt affected soil - Industrial

byproducts - Nutrients availability - Wheat plants.



ACKNOWLEDGMENT

The author wishes to express his deepest and gratitude to Dr. M. A. O.

Elsharawy and Dr. M. M. A. Elbordiny Associate Professors of soil

chemistry, Soil Dept., Fac. of Agric., Ain Shams Univ., for supervision,

modification of the experimental work, valuable advice, generous assistance

and writing the manuscript.

Special gratitude to Prof. Dr. A. S. El-Sebaey, Prof. of soil chemistry,

Soil Dept., Fac. of Agric., Ain Shams Univ. for suggesting the title and the

pre supervision on this study.

Grateful thanks also, due to Dr. T. A. Tawfic, Professor of chemistry

and Director of Central Laboratory for Environmental Quality Monitoring

(CLEQM).

Special thanks are expressed to all staff member of research staff of the

Central Laboratory for Environmental Quality Monitoring (CLEQM) and

National water Research Center for their help and providing facilities.

I am sincerely grateful thanks and indebted are due to my mother,

father, sisters, brothers and my friends for their help and kind feeling.



CONTENTS
TITLE Page

LIST OF TABLES

LIST OF FIGURES

١. INTRODUCTION .............................................................................

III

V

١
٢. REVIEW OF LITERATURE............................................................ ٣
٢٫١. Characterization of water used for irrigation ................................. ٣
٢٫١٫١. pH, EC, soluble ions and SAR value .......................................... ٤
٢٫١٫٢. Biological and chemical oxygen demand ................................... ٦
٢٫١.٣. Heavy metals content ................................................................. ٧
٢٫٢. Effect of irrigation with wastewater on soil characteristics. .......... ٨
٢٫٢٫١. Soil organic matter and calcium carbonate content .................... ٨
٢٫٢٫٢. Moisture characteristics. ............................................................. ٩
٢٫٢٫٣. pH, ECe and soluble ions in soil ................................................. ١٠
٢٫٢٫٤. Cation exchange capacity in soil................................................. ١٢
٢٫٢٫٥. Macronutrients in soil ................................................................ ١٢
٢٫٢٫٦. Micronutrients in soil.................................................................. ١٣
٢٫٢٫٧. Heavy metals in soil.................................................................... ١٤
٢٫٣. Effect of irrigation with wastewater on yield and elemental composition

of plants .......................................................................................... ١٥
٢.٣.١. Dry matter yield of plants............................................................ ١٥
٢٫٣٫٢. Macro and micronutrients in plants ............................................ ١٦
٢٫٣٫٣. Heavy metals in plants ............................................................... ١٧
٢.٤. Effect of some amendments on soil characteristics........................ ١٩
٢.٥. Effect of some amendments on plant growth ................................. ٢٠
٣. MATERIALS AND METHODS ..................................................... ٢٢
٣. ١. Survey study for water, soils and biota ......................................... ٢٢

٣٫١٫١. Water samples ............................................................................ ٢٢

٣٫١٫٢. Soil samples ............................................................................... ٢٢

٣٫١٫٣. Plant samples ............................................................................. ٢٢

٣. ٢. Pots experiment ............................................................................ ٢٤



II

٣٫٣. Field experiment ........................................................................... ٢٦
٣٫٤. Methods of analysis ...................................................................... ٢٧
٣٫٤٫١. Water analysis ............................................................................ ٢٧
٣٫٤٫٢.Soil analysis................................................................................. ٢٨
٣٫٤٫٣. Plant analysis .............................................................................. ٢٩
٤. RESLUTS AND DISCUSSION ....................................................... ٣٠
٤٫١. Assessment of irrigation water characteristics of Bahr El-Bakar drain ٣٠
٤٫٢. Characteristics of soils collected from Bahr El-Bakar area .............. ٤٥
٤٫٢٫١. Some physical characteristics ....................................................... ٤٥
٤.٢.٢. Chemical characteristics............................................................... ٤٨
٤٫٢٫٢٫١. Soil pH, salinity and soluble ions............................................ ٤٨
٤٫٢٫٢٫٢. Chemically extractable N, P and K in the studied soils .......... ٥٣
٤٫٢٫٢٫٣. Total and DTPA-extractable micronutrients in the studied soils .. ٥٤
٤٫٢٫٢٫٤. Total and DTPA-extractable heavy metals in the studied soils. ٥٦
٤٫٢٫٣. Elements content of some plants grown on soils of Bahr El-Bakar

area ٥٧
٤٫٣. Effect of some amendments application on certain soil characteristics

and plant growth ........................................................................................ ٦٠
٤٫٣٫١. Pots experiment. ...................................................................................... ٦٠
٤٫٣٫١٫١. pH, salinity, soluble ions as well as SAR value................................ ٦٠
٤٫٣.١.٢. Exchangeable cations........................................................................... ٦٦
٤٫٣٫٢. Effect of certain amendments on soil properties, plant growth and

yield of wheat under field conditions ................................................. ٦٩
٤٫٣.٢.١. Bulk density, hydraulic conductivity and certain moisture

constants ٦٩
٤٫٣.٢.٢. ECe, pH and soluble ions in the soil ........................................ ٧٣
٤٫٣.٢.٣. Exchangeable cations............................................................... ٧٩
٤٫٣.٢.٤. Chemically available nutrients in the soil............................... ٨٢
٤٫٣.٢.٥.Effect of certain soil amendments on grain yield and concentration

of some nutrients in wheat plants........................................................ ٨٦
٥. SUMMARY ...................................................................................... ٩١
٦. REFERENCES.................................................................................. ٩٩
٧. ARABIC SUMMARY ...................................................................... ١٢١



III

Table
No.

LIST OF TABLES Page

١ Some characteristics of the amendments used for soil

improvement. ................................................................... ٢٥
٢ pH, ECw and soluble ions values of the wastewater of

Bahr El-Bakar drain and Nile water of Bahr Muis canal

that used for irrigation ..................................................... ٣١
٣ Total suspended solids (TSS), chemical oxygen demand

(COD) as well as concentrations of nitrate, ammonium,

phosphorus and boron in the wastewater of Bahr El-

Bakar drain and Nile water of Bahr Muis that used for

irrigation .......................................................................... ٣٦
٤ Some heavy metals concentrations of the wastewater of

Bahr El-Bakar drain and Nile water of Bahr Muis canal

that used for irrigation ..................................................... ٤١
٥ Some physical characteristics of the studied soils as

affected by irrigation with wastewater and fresh water. .. ٤٦
٦ Hydraulic conductivity and soil moisture constants of the

studied soils as affected by irrigation with wastewater

and fresh water................................................................. ٤٧
٧a Some chemical characteristics of the studied soils as

affected by irrigation with wastewater and fresh water... ٤٩
٧b Exchangeable cations, cation exchange capacity and

exchangeable sodium percentage values of the studied

soils as affected by irrigation with wastewater and fresh

water. ............................................................................... ٥٢
٨a Chemically available N, P and K in the studied soils as

affected by irrigation with wastewater and fresh water... ٥٤
٨b Total and DTPA-extractable heavy metals in the studied

soils as affected by irrigation with wastewater and   fresh
٥٥



IV

water. ...............................................................................

٩ Concentrations of some essential and nonessential

elements in leaves of cotton and wheat plants cultivated

in the studied soils as affected by irrigation with

wastewater and fresh water. ............................................

٥٨

١٠ Effect of different amendments on some chemical

characteristics of the studied soil. ................................... ٦٢
١١ Effect of some amendments on exchangeable cations and

ESP of the studied soil. ................................................... ٦٧
١٢ Effect of certain byproducts on bulk density, hydraulic

conductivity and some moisture constants of the studied

soil after harvesting of wheat plants................................ ٧١
١٣ Effect of certain byproducts on some chemical properties of

the studied soil after harvesting of wheat plants ...................
٧٤

١٤ Effect of certain byproducts on exchangeable cations and

ESP in the studied soil after harvesting of wheat plants.
٨٠

١٥ Effect of certain byproducts on chemically available

nutrients in   the studied soil after harvesting of wheat

plants.………. ................................................................. ٨٣
١٦ Effect of certain byproducts on grain yield and

concentration of some nutrients in the leaves and grains

of wheat plants ................................................................ ٨٧



V

Figure

No.

LIST OF FIGURES Page

١ Location of the studied area. ......................................... ٢٣
٢a pH, ECw, SAR values and soluble Ca٢+, Mg٢+ and Na+

concentration in the two water sources used for

irrigation ........................................................................ ٣٢
٢b Concentrations of soluble K+ and soluble anions in the

two water sources .......................................................... ٣٣
٣ Total suspended solids, COD and concentrations of

nitrate, ammonium, phosphorus and boron in the two

water sources used for irrigation. .................................. ٣٧
٤a Concentrations of Fe, Mn, Cu and Co in the two water

sources used for irrigation............................................. ٤٢
٤b Concentrations of Zn, Pb and Ni in the two water

sources used for irrigation............................................. ٤٣
٥ Effect of different amendments after four months from

application on some soil characteristics. ....................... ٦٣
٦ Effect of different amendments after four months from

incubation on  exchangeable cations and ESP value of

the studied soil............................................................... ٦٨
٧ Effect of certain byproducts on bulk density, Hydraulic

conductivity and available water in the surface and

subsurface layer of the studied soil after harvesting

wheat plant .................................................................... ٧٢
٨a Effect of certain byproducts on the pH, ECe and SAR in

the surface and subsurface layer of the studied soil after

harvesting of wheat plants............................................. ٧٥
٨b Effect of certain byproducts on concentration of certain

soluble ions in the surface and subsurface layer of the

studied soil after harvesting of wheat plants ................. ٧٨



VI

٩ Effect of certain byproducts on exchangeable Ca٢+, Na+

and ESP in the surface and subsurface layer of the

studied soil after harvesting of wheat plants..................

٨١

١٠a Effect of certain byproducts on N, P and K in the

surface and subsurface layer of the studied soil after

harvesting of wheat plants ............................................. ٨٤
١٠b Effect of certain byproducts on Fe, Mn, Zn and Cu in

the surface and subsurface layer of the studied soil after

harvesting of wheat plants ............................................. ٨٥
١١ Effect of certain byproducts on grain yield and

concentration of some nutrients in the leaves and grains

of wheat plants ............................................................... ٨٨


