X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s
L 4

o gkl
@ ASUNET

bl -

e

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

) bl | ) Gl | ot
@ ASUNET

e bl o gl Ao
ok sl 19 (gui sl il) Gutei guid




e bl b k|
@ ASUNET

(R deids st bt

Sl (el lin) b
ok 551y (oo ST Gusigad
EE

Wbaunkig bl g i gl DALY o) ot e pometi
i Gl 599 i) i Gl @ ] O3 (oo

-----

anER
llllllll

RPN EET DY o
@ ASUNET

o) i

shiid] ol daoad) gal 580 02R Laa




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

.

=4
llllll

et | G|
@ ASUNET

Seiligd] g
aall dubail




X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s

o ekad|
@ ASUNET

Wl -

dsinkt

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




RHIZOSPHERE EFFECT ON BIGDEGRADATION OF
| POLLUTANTS

BY
ABDELGAWAD AHMED THARWAT ALKAHAL

B.SC. (AGRIC. CHEMISTRY ), AIN SHAMS UNIV,, 1979
M.SC. (AGRIC. CHEMISTRY), ZAGAZIG UNIV
BENHA BRANCH, 1990

THESIS

" Submitted In Partial Fulfilment Of The Requirements

For The Degree Of
DOCTOR OF PHILOSOPHY
IN
Agricultural Chemistry
Department of Soils and Agricultural Chemistry
Faculty of Agriculture, Moshtohor

Benha Branch

Zagazig University

1997 -~ \ VLAY



APPROVAL SHEET

TITLE :RHIZOSPHERE EFFECT ON BIODEGRADATION
OF POLLUTANTS

NAME : ABDELGAWAD AHMED THARWAT ALKAHAL

M.SC. (AGRIC. CHEMISTRY), ZAGAZIG UNIV
' BENHA BRANCH, 1990

THESIS
Submitted In Partial Fulfilment Of The Requirements

For The Degree Of
DOCTOR OF PHILOSOPHY
IN |
Agricultural Chemistry
Department of Soils and Agricultural Chemistry
Faculty of Agriculture, Moshtohor
| Benha Branch
Zagazig University

This thesis has been approved by :-
Prof.Dr. /}[ A 5S chﬂé&”‘f\\

ProfDr. . (,\FLMOR -
Prof.Dr. /4[/,//45/9/:_’}%
~ Prof.Dr. P\ Q \<ktﬁ,\g\

Date :27/3 1997



ADVISORS COMMITTEE

Prof. Dr. Moustafa K. S. Shabana
Prof. of. Agric. Chem,,

Head of Soils and Agric. Chem. Dept.

Fac. of. Agric. , Moshtohor,

Zagazig Univ.

Prof. Dr. Abdel-Khalik R.A. Khalil
Prof. of Agric. Chem.,

Fac. of Agric. , Moshtohor,

Zagazig Univ.

Prof. Dr. Yosr A. Hussain

Prof. of. Soil Microbiology

Soils, water, and Environment Res. Institute,
Agric. Res. Center.,

Ministry of Agriculture



Acknowledgment

The author would like to express his great
indebtedness and sincere appreciation to Prof. Dr.
Moustafa K. S. Shabana, Head of Soils and Agric.
Chem. Dept. for his kind supervision and suggestion
during this investigation.

Many thanks to Prof. Dr. Abdel-Khalik R. A. Khalil ,
Prof. of Agric. Chem. for his kind help and continuous
encouragement throughout the present study

Sincere thanks to Prof. Dr. Martin Alexander, Prof.
of Seil Microbiology, Dept. of Soil, Crop and
Atmospheric Sciences, Cornell University , Ithaca, New
York, for valuable suggestions and his indispensable
advice. |

The author would like to express his gratitudes to
Prof. Dr. Yosr A. Hussain and Prof. Dr. Amin El
Nawawy, Profs.of Soil Microbiology, Soils, Water and
Environment Res. Center., Agric. Res. Center. for their
guidance and efforts to finish up the present study.



CONTENTS

PAGE
1- Introduction 1
2- Review of Literature 3
2-1 Biology of Rhizosphere 3
2-1-1 Rhizosphere effect 3
2-1-2 Microbial populations in the 4
rhizosphere
2-1-3 Root Exudates 4
2-1-4 Significance of 'root exudates 7
2-1-5 Some factors affecting exudation 7
2-1-5-1 Plant species
2-1-5-2 Age of plant
2-1-5-3 So0il moisture content
2-1-5-4 Medium supporting the roots
2-1-5-5 Light and Temperature
72—2' Degradation of Organic Compounds 10
2-2-1 Biological and non Bioclogical 10
Degradation
2-2-2 Biodegradation of organic compounds 11
2~-2-3 Principles of biodegradation 12
2-3 Bioremediation 13
2-3-1 Phytoremediation 14
2-3-1-1 Plants and organic contaminants
2-4 Biodegradation of organic copmounds in the 15

rhizosphere

2-4-1 Bicdegradation of ;"P—-nitrophenoy(PNP)jlﬁ

2-4-1-1 Occurrence of (PNP )

2-4-1-2 Importance of PNP  [



2-4-1-3 Biodegradation of ?._ .
nitrophenol in pure cultures
2-4-2 Biodegradation of 2,4-D 21
2-4-2-1 Metabelism of 2,4-D in plants
- 2-4-2-2 Microbial degradation of 2,4-D
2-4=-2-3 Persistence and Degradation Rates
of 2,4-D
2-4-2-3-1 Concentration and Rates
of Application
2-4-2-3-2 Soil Type
2-4-2-3-3 Moisture and Temperature
2-4-2-3-4 pH
2-4-3 Biodegradation of Glyphosate 28
2-4-3-1 Mode of action of glyphosate
'2-4-3-2 Behaviour of glyphosate in soils
and its degradation
2-4-3-3 Degradation of g lyphosate by
microorganisms
2-4-3-4 Factors ingluencing the
degradation rate of glyphosate

3- MATERIAL AND METHODS 32
3-1 Soil sampling 32
3-2 Chemicals used . 32
3-3 Plant materials | ' 33

3-3-1 Seed sterilization

3-3-2 Cultivation of seedlings

3-4 Measurement of Mineralization 34
3-5 Preparation of natural root exudates 36
.3-6 Preparation of synthetic root exudates 37
3-7 Detection of Mineralization : 37
3-8 Data presentation ' | 37

3-9 Statistical Analysis 37



4-  RESULTS AND DISCUSSION

4-1 Mineralization of PNP in the Rhizosphere

4-2

4-1-1

4-1-2

4-2-1
4-2-2
4-2-3
4-2-14

4~2-5

Mineralization of PNP in the presence
of corn plant in clay loam soil
Mineralization of PNP in the presence
of soybean plant in clay loam soil
Mineralization of PNP in the presence
of corn plant in silty loam soil
Mineralization of PNP in the presence
of soybean plant in silty loam soil
Mineralization of PNP in the presence
of corn root exudates in clay loam soil’
Mineralization of PNP in the presence
of soybean root exudaﬁes in clay loam
soil '
Mineralization of PNP in the presence
of éynthetic root exudates in clay loam

soil

Mineralization of 2,4-D in the Rhizosphere

Mineralization of 2,4-D in the presence

" of corn plant in clay loam soil
Mineralization of 2,4-D in the presence
of soybean plant in clay loam scil
Mineralization of 2,4-D in the presence
of corn plant in silty loam soil
Mineralization of 2,4-D in the presence
of soybean plant in silty loam soil
Mineralization of 2,4-D in the presence
of corn and soybean root exudates in

clay loam soil

39

39

39

42

45

48

51

55

58

61

o

70
70

]



4-2-6 Mineralization of 2,4~-D in the presence 8|
of synthetic root exudates in clay loam
soil

4-3 Mineralization of Glyphosate in the 85

Rhizosphere | -

4-3-1 Mineralization of glyphosate in the 85
presence of corn plant in clay loam
soil '

4-3-2 Mineralization of glyphosate in the 8%
presence soybean plant in clay loam
soil '

4-3-3 Mineralization of glyphosate in the 9%
presence of corn and soybean plants in
silty loam soil _

4-3-4 Mineralization of glyphosate in the 94
presence of corn root exudates in clay
loam soil

4*3—5 Mineralization of glyphosate in the | 14
presence of soybean root exudates in
clay loam soil

4-3-6 Mineralization of glyphosate in the 102
presence of synthetic root exudates in

clay loam soil

SUMMARY AND CONCLUSION , '105
REFERENCES 109
ARABIC SUMMARY '

“



N

ey

1-INTRODUCTION.

The contamination of soils and water by man-made
chemicals, as a result of careless disposal techniques
and aiso application of compounds such as herbicides
and pesticides creates pollutign and public health
problems. Many efforts in many industrialized countries

are being made to solve these pollution problems.

The wuse of biological systems to bring about the
timely remediation or detoxification of man-made
pollutants 1is the goal bf soil bioremediation. Many
man-made chemicals, can be transformad by
microorganisms to harmless forms or completely

mineralized to carbon dioxide and water.

The rhizosphere, 1in particular, 1is an area of
increased microbial . activitiés that may  enhance
transformaticon and degradation of pollutants in soils.
The use of plants to contain or transform pollutants is

called,phytoremediation.

However, some organic toxic compounds still used,

'such as P-nitrophenol "PNP", 2,4-D and glyphosate. PNP

is considered a raw material for the synthesis of

various pesticides, azo dyes, explosives and



-

/

pharmaceuﬁicles. PNP is wide-spread environmental
pecllutant 1in soils, rivers, groundwater, pesticides-
treated soils, as a consequence, it has been listed as
a priority pollutant by thé ‘U.S.A. Envirénmental

Protection Agency {Keith and Telliard, 1979)

2,4-Dichlorophenoxy acetic acid "2,4-D," is a

herbicide and it was banned by the Egyptian government

as a result of its toxicity to the environment. The

last one, Glyphosate, a Dbroad-spectrum highly toxic
herbicide, 1is a potent inhibitor of the shikimic acid
pathway and this in turn, leads to the inhibition of

protein synthesis.

Therefore, the present study is mainly concerned
to acéelerate the mineralization of P-nitro phenol,
2,4-D, and glyphosate by natural microbial communities
in the rhizosphere of corn and soybean plants under two
different types of soils. Besides, the influence of
corn and soybean root exudatés as well as synthetic
root exudates on the mineralization process were also

investigated.



