ECOLOGICAL INTERACTION
BETWEEN FUNGICIDES AND SOIL

MICROFLORA

WX

[ A A L

| BY Ve
Lobna Abd -Elaziz Ahmed Moussa
B.sc. Agric . Biochemistry , Ain Shams Univ ., 1986

Thesis

Submitted in Partial F ulfilment of
the Requirements for the Degree of

‘ 4 ég:
MASTER OF SCIENCE 9 l y

n
Environmental Agricultural Science

Institute of Environmental
Studies and Research
Ain Shams UNIVERSITY
1994

Central Library - Ain Shams University



APPROVAL SHEET

Major Field : Microbiology

Title : Ecological Interaction Between Fungicides and
Soil Microflora

by : Lobna Abd Elaziz Ahmed Moussa

Degree : M.Sc.

Approved by :

S - ) -
Prof .Dr. / Z., A. Hendi —adan —_

Prof of pesticides and vice dean of Fac. Agric., Ain
Shams Univ.

Prof.Dr. / Y. A. Hamdi &KW

Prof of microbiology , Agric . Res . Center .

e
Prof .Dr. / W. A. Mashhoor. (supervisor) A g5
Prof of microbiology , Fac . Agric., Ain [
Shams Univ.

Date of examination: / / 1994

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



ACKNOWLEDGEMENT

Praise and thanks be to ALLAH, the most merciful for assisting and
directing me to the right way

e T
-

This work has been carried out under the GM
direction of Prof. Dg._—W_.A.__l\‘d:a_sr\m_oir._, Prof. of Agric. Microbiology, Fac.
Agric., Aln-Shams Univ.; Prof. Dr. M. A. Shatla, Prof. of Agric.
Biochemistry of the same faculty and Prof. Dr. A. Gh. Rahal Prof. of

pesticides, Microbiology Dept., Soil & Water Res. Inst.; Agric. Research
Center, Ministry of Agriculture . I wish to express my sincere thanks to
them for suggesting the problem , supervision, progressive criticism,

keeping interest and guidance .

Thanks are also due to all my colleagues and staff members in
microbiology Dept ., Soil & Water Res. Inst.; Agric. Research Center for

encouragement and facilities offered during the work .

Central Library - Ain Shams University



s’_'.a’la.u.u

pasad) atall ) Litale La ) L8 pley
pelal) 41 jra

Central Library - Ain Shams University



LIST OF CONTENTS

page
1 - Introduction.

2 - Review of literature . 3
2 - 1 Fungicides .

2 - 2 Effect of fungicides on soifl microflora

2 - 3 persistence of fungicides in soil.

14

2 - 4 Degradation of fungicides in soil . 19
3 - Materials and Methods 26
3.1 Materials 26
3.1.1 Sofl used 26

3.1.2 Plant 26

3.1.3 Fungicides 26

3.1.4 Microbial cultural media 28
3.1.4.1 Total microbial count medium 28
3.1.4.2 Fungal count medium 29
3.1.4.3 Azotobacter count medium 29
3.1.4.4 Azospirillum count medfum 10

3.2 Methods 31
3.2.1 Soil analysis 1]

3.2.2 Microbiological determinations 31
3.2.2.1 Total microbial count . 31
3.2.2.2 Fungal count . 31

Central Library - Ain Shams University



3.2.2.3 Azotobacter count.

3.2.2.4 Azospirillum count .

3.2.2.5 Mycorrhizal spores extraction .

3.2.2.6 Estimation of mycorrhizal infection of roots .
3.2.3 Chemical and enzymatic determinations .

3.2.3.1.
3.2.3.2.

3.2.3.3
3.2.3.4
3.2.3.5
3.2.3.6
3.2.3.7

Measurement of carbon dioxide evolution in soil .

Determination of dehydrogenase activity in soil .
Assessment of nitrogenase activity in sofl .
Determination of total nitrogen in soil .
Determination of ammonical nitrogen in soil .
Determination of nitrite nitrogen in soll .
Determination of nitrate nitrogen in soil .

3.2 .4 Determination of procymidone .

3.2.4.1 Extraction from the soil .

3.2.4.2 Extraction from the liquid media .

3.2.4..3 Clean - up for soll extract

3.2.4.4 Anaylsis of procymidone (GLC & TLC) .

3.2.5 Layout of experiments .

3.2.5.1 Effect of dicarboximide fungicides on soil micoflora
3.2.5.2 Interaction between procymidone and soil microflora .

3.2.5.3 Interaction between procymidone and soll

microorganisms in Onion rhizospheric region .

Central Library - Ain Shams University

page
32
32
32
33

34

34

35
35

37
37

38
38

39

39

40

40

41

43

44

45



page

3.2.5.4 Decomposition of procymidone .
3.2.5.4.1 Isolation of fungicide decomposers .
3.2.5.4.2 Degradation of procymidone by isolated decomposer
3.2. 6 Statistical analysis .
4. Results and discussion .
4.1. Effect of dicarboximide fungicides on soil microflora .
4.2. Interaction between procymidone and soil microflora .
4 .2.1. Effect of procymidone on total microbial count in soil .
4.2.2. Effect of procymidone on total fungal count in soil
4.2.3. Effect of procymidone on Azotobacter count in soil .
4,2.4, Effect of procymidone on Azospirillum count in soil .
4.2.5. Effect of procymidone on CO4 evolution in soil .
4.2.6. Effect of procymidone on dehydrogenase activity in soil .
4.2.7. Effect of procymidone on nitrogenase activity in soil .
4.2.8. Effect of procymidone on total nitrogen content in soil.
4.2.9. Effect of procymidone on ammonificatian process in sofl.
4.2.10 Effect of procymidone on nitrification process in soil .
4.2.11 Persistence of procymidone in soil .
4.3. Interaction between procymidone and microorganisms in
onion rhizospheric region.
4.3.1. Effect of procymidone on total microbial count in

onion rhizospheric region

Central Library - Ain Shams University

46

46
47

48

59
59
63
t6

69
71

76

79

80



page
4.3.2. Effect of procymidone on total fungal count in
onion rhizospheric region . g2
4.3.3. Effect of procymidone on Azotobacter count in
onion rhizospheric region . 84
4.3.4. Effect of procymidone on Azospirillum count in
onfon rhizospheric region . 84
4.3.5. Effect of procymidone on the percentage of
mycorrhizal infection of onion roots. 87
4.3.6. Effect of procymidone on COg evolution in onion
rhizospheric region 90
4.3.7. Effect of procymidone on dehydrogenase activity in
onion rhizospheric region . 93
4.3.8. Effect of procymidone on nitrogenase activity in
onion rhizospheric region . 96
4.3.9. Effect of procymidone on total nitrogen content in
onion rhizospheric region . 96
4.3.10. Effect of procymidone on ammonification process in
onion rhizospheric region . 100
4.3.11. Effect of procymidone on nitrification process in
onion rhizospheric region 102
4.3.12. Persistence of procymidone in onlon rhizospheric

region. 105

Central Library - Ain Shams University



page

4.3.13. Degradation of procymidone in soil. 108
4.3.14. Effect of procymidone on the yield of onion plants , 109
4.4. Microbial decomposition of procymidone 117
4.4.1. Decomposition of procymidone in a liquid culture of
Bacillus sp . 117
4.4.2, Decomposition of procymidone in sterilized and non
sterilized soll inoculated with Bacillus sp . 121
5. Summary . 125
6. References . 131

Central Library - Ain Shams University



Introduction

Although the organic pesticides have greatly enhanced the
agricultural production, yet it can not be assumed that a potential
hazard does not exist when large quantities of such chemicals are
introduced into the environment . The new compounds developed as
pesticides should be extensively screened for their side effect on the

soil environment .

Since soil microorganisms are responsible for important
processes such as organic matter turnover, nitrogen transformation,
nitrogen fixation and phosphate solubilization which have a major
influence on plant growth, the benefit of a pesticide should be
evaluated in the light of its detrimental effect on the non-target soil

microorganisms .

Among pesticides, fungicides are currently used in a large scale
in agriculture to reduce the great losses in food production caused by
fungal diseases . A desirable soil fungicide is one which selectively kills
or inhibits pathogenic fungi in soil when used at concentrations
nontoxic to other soil microorganisms. Nevertheless, the continual
application of fungicides to soil generally influences other constituents
of the soil microflora as well as the pathogens. Therefore, intensive
studies should be carried out to determine changes in the microbial

population of soil following treatment with fungicides . Recognition of
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these microbial changes is essential for evaluation of prospective soil
fungicides and may declare hazards from toxic residues accumulated

in soil .

The aim of the present work was to study the ecological
interaction between fungicides and soil microflora, l.e., the effect of
fungicides on soil microbial populations and activities as well as the
effect of soil microorganisms on the biodegradation of fungicides in
soil. Effects of three dicarboximide fungicides namely: procymidone
(sumisclex), iprodione and vinclozolin on soil microflora were
detected. The influence of procymidone application to uncultivated
soil as well as onion cultivated soil was extensivly investigated.
Samples of such treatments were periodically subjected for
microbiological, enzymatic, chemical and fungicidal analyses.
Microbiological analyses included determination of the count of total
microorganism, total fungi, mycorrhiza, azotobacters and azospirilla.
Enzymatic and chemical determinations were dehydrogenase and
nitrogenase activities, COq evolution, ammonification and nitrification
rates. The persistence of procymidone and its biodegradation were
also traced. Furthermore, a trial for isolation of fungicide decomposing

organisms and screening for the most efficlent strain was carried out .
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2 - Review of Literature

The importance of pesticides to modern agricultural production

practices is now well recognized .

Pesticides are synthetic organic chemicals which have
essentially replaced inorganic chemicals and other cultural practices
as a tool for pest control . The advantages of these modern pesticides
over other means of pest control include their effectiveness In
controling pests even when the chemical are applied at such low

levels as a few milligrams per hectare .

When pesticides are applied under appropriate soil and
environemental conditions in prescribed amount using specified
procedures , they can be proven to be effective in pest control with

little adverse effects on the surrounding environment (Cheng, 1990 a).

2-1 Fungicides :

The chemicals employed to protect agricultural crops against
fungal! diseases are called fungicides. The word fungicide has
originated from two latin words viz, fungus and caedo, the word caedo
means “to kill" . Most fungicides protect a plant by destroying the
infection before entry of the pathogen, preventing infection of the
plant or rendering a static action on the infection source by stopping

the development and distribution of the pathogen. Only few substances
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are capable of curing or healing plants by exterminating or inhibiting
pathogens after infection has occured . Depending on how fungicides
act on pathogens, protective and curative fungicides are distinguished.
Protective fungicides mainly inhibit the reproductive organs of a
pathogen and act on it at the place of Infection before a plant is
infected {Gruzdyev, 1988).

Fungicides are divided into groups according to different
specific properties, for instance they may be divided according to
their chemical composition and structure, the nature of action on
pathogens, their behaviour in a plant , method of application and
designation. The classification of fungicides according to the chemical
structure is included in different groups . However, it will be focused
here on the chemical structure of the dicarboximide fungicides
including procymidone, iprodione and vinclozolin , which are the

subject of the present study .

The term dicarboximide fungicide has been loosely applied to
anti-fungal compounds of the general formula shown in Fig. (I} .
Structural formula of the most important dicarboximides vinclozolin
{(Ronilan), iprodione (Rovral) and procymidone (sumisclex]) are given
in Fig (II) according to Dekker and Georgopulos (1982) .

Procymidone (sumisclex) is an antifungal compound that is toxic
to a number of phytopathogenic fungi , particularly Sclerotinia and
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Fig.(I) Genral striwctural formila of the dicarboximide fungicides; A1 has
invariakly been a 3,5 dichlorophenyl group but R2 may have various
structures ,

Cl 0 Cl o AH3 d 0 (CH,
Y0 \)_N/couHcy
N N CH3 N
/}— Chs H

CL 0 CH=CHy Cl d al 0 CHy

vinclozolin iprodione procymidene

y
Fig (I1)

structural formulae of vinclg;.clin, iprodicne and procymidone,
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