AN EVALUATION OF FUNGICIDES AS NITRIFICATION INHIBITORS

By
MAMTA RANI

Thesis submiited to the Haryana Ag:icultural University in
. partial fulfilment of the requirements for the degree of

MASTER OF SCIENCE

- 4

MI CROBIOLOGY |

Jollege of Basic Sciences ahd_Humanities
Haryana- Agricultural University

1

Hisar.,

- 1985



CERTIFICATE I

This is ﬁo Cértify that this thesis entitled
“An'évaluatidn of fungicides as Nitrification tnhibitorsy
‘ submltted for the degree of M.Sc. in the subject of
_ Microblology of the Haryana Agrlcultural University,
Hisar, is a bonafide res earch work carried out by

e

Miss Mamta Rani under my superv1510n and thet no part

of this thesis has bgen gubmltted.fo; any other degree.

The assistance and help received during the

course of investigation have been fully acknowledged.

’gigﬂa Passds.

“Major Advisor



CERTIFICATE=~ 1Y =~

Thls is to certify that the thesis entitled

- "An Evaluation of FUnglCldeS as Nltrlflcatlon Inhibitors®
submltted by Mlss Mamta Rani to the Haryana Agricultural
Uhlver51ty, Hlsar in partial fulfllment of the require-
ments for the degree of M.Sc.. in the subject of Microblology
| has been approved by the student' Advisory Comnittee after‘
an oral examinatlon on the same, “in collaboratlon with an

éxternal_Examiner. S e

. ot Pascda | - R{{;Q;’_
'MAJOR ADVISOR " . - EXTE XAMINER

Mepe-8S

- HEAD OF THE DEPARTMENT

‘..

AP -
%’\f)

- DEAN, POST-GRADUAIE STUDIES



ACKIOWLEDGEMENT'S
With the\sense of gratitude andlpxofoond privilege,
1 wish.to record my sincere thanié“towards Dr.{Mrs.) Shashi
Paroda,. Assxstant Prgfessor.bepartment of Microblology, for
her guidance, encouragement and keen interest in the conduct
of_present investigatlon.

-1 am also grétefol to Dr.M.M. ﬁishra,-professor and Head;
Deﬁartment of Miorobiology,'for his wise COﬁnsel, hnceasihg'
help and’ sympathetic understandlng throughout the course of
investigatlon and in the preparation of thlS manugeript.

I extend my 51ncerefthanks to Qr.Randhir 5ingh, Professor
and Head, Deparﬁmen£ of;Biochemistry and Dr.N.C. Jain,

Professor and Head, Department of veterinary Microbiology

Qho as members of my advisory committee gave timely guidance |

and healthy suggestions.

I am indebted to Mr.K.K. xapoor, Assistant Professor
of Microbiology for golng through the manuscript and offerlng
valuable suggestions. I am_also_ﬁhankful to Dr.s,Gangopadhyay.

Department of Plant pathology, Mrs. Kamlesh Kukreja,”other

members,offthe faculty aﬁd students of the department of

September 30, 1985. {MAMER)

Microbiology}_fo: fheir;generous,he;p_throughout my M.SC. .

‘programme .. EsSential help received at different times from

3

sneh'and othef‘friends is.gratefuily acknowledged.

Wlth the sense of reverence, I acknowledge the constant

.encouragement and inspiration given by my grandfather. _
e Finallye I am beholden to Haryana agricultural University. 

for awarding me University merit fellowship.

Mawi—’



CONTENTS

Mg__._ | ‘ Dgscription '
T | INTRODUGTION
W e
DE e, s,
o -RESUI‘.'%“S- A !r?z.sc;:uss;w.
v  suMaRY
BIBLIéé;mpHY. ‘

I RN R R

\\\\\\\

5« 23

24 - 38

73 - 74



GHAPTER - I



- INTRODUCTION « - -+

A ﬁfea conetitﬁtes the mejef nitfegen fertilizer.
at present and its use is steadlly increasmng in the
wbrld agriculture It contrlbutes to about 80% of the_
total fertllizer-N In most somls, urea is rapldly
hydrollzed to ammonlum carbonate through urease and
results 1n the formation of ammonlum whlch is subsequently

nitrlfled to nltrate nltrogen.
NHzCONH2 H20___.> (r )2{303 _......___-) 2NH +CO

Therammonium formed in the soil is converted to
nitrate via'nitrite through nitrification process i.e. the

biological oxidatlon of ammonlum to nitrate via nltrite

mediated by Nitrpspomonas and Nltrobacter species of nltri- '

fying bacteria reSpectlvely. Through nltrlflcation,-the
slowly leached and relatively immobile NHX cation which is
bound to cationeexchenge Complex of ergéhiC'matter'apd clay
_apertieles, is converted to KO% anien. ‘Nitrate ions are
;most°feadily aeeimilated by mest'of'the'crOps through
plant roots but*it-ie not'so well retained in the soil ae
compared to ammonical nltrogen. NitrateliS'susceptible to
a losses through 1eaching and denitrification in soils. The:

'_ formation of nitrogen gases as a result of denitrification:



not only leads to the.loss of niffogéa but'creates problems:
of atmospheric pollution which includes pollution of both
air and water, Leaching is prominent in light textured 
soils during-heavy rainfall or.intensiye irrigation while
denitrification maf.be predeminantziﬁ water logged and -
heavyisoiis; N |

| Quantitatiee'estimafes efaAitroéen losses from
_agriculturaiISOils vary on ah.avesaée f:om 20-70% {(Prasad
et él.; 1971; Craswell, 19781. The losses are relatively
less in arable soils as conpafed'te;water logged soils

which are more prone to denitrification reactions.

Several approaches have been followed to decrease
the losses of fertilizer nltrogen and to increase the'
efficiency of'nitrogen uptake and use by the plants. These
include develOpment of slow release fertlllzers, Spec1f1c
inhlbltors of micro- organlsms and use of relatlvelv insolu-
ble caatings on fertllizer granules. The use of slow
release fertlllzers has elther not been popular either
_because ‘their mlneralizatlon is slow or the productlon
:cost is hlgh (Hauck 1972 Trivedi and Pachaiyappan 1979)
sulphur coated urea, although effectlve, has not been used
in large extent because of hlgh cost of sulphur, Simllarlyf'
?*neem cake or its extract although effect1Ve as a coating

;agent, is only available in llmlted quantity. Recently



the emﬁhasis has been more on nitrif;gafién iﬁhibitors
because these may be effective at a.ver;‘low concentrations.
. The materials'deﬁelépéd or:adopféd specifically as -
nitrification inhibitors include N-Serve of nitrapyin (2-.
chloro-6- [trichlbromethyl)'pyridine); (2-amino-4-chloro-'
6-methyl pyrlmldlne), ST (2-uulfanllamido thiazole), terra-:
zole (5-ethoxy-3-trichloro methyl-l 2 4 thladlzofe) KN3 \

'(Potasslum azide) and dlcyanadlamlde.

" Much. research wqu~hg;-been.done'on the effect of?
pegticides on different sbil.micrébiﬁlogical'proeesses and
most of these‘cﬁemicals-do not advérselylaffect these pro-
cesses at the concentration in which they are Tecommended
fof'uée. However, amongst-all the 'soil biological processeél
nitrification is most sensitive to pesticides (Alexander,

I:l9?8;'Anderson,.i978)'and thefe has been.a trend in recent -
years to assess the pquibilitY of using pesiiciﬁes as
nitrification inhibité:s beqausé of fhe fact that pesti-.

cides are commercially_availabié and most of them dq.nof

_have prohibitive cdsts., During the preéent'investigations
two fun9101des zineb and Captafol were selected for assess-
-'1ng their use‘;; nltriflcatlon 1nh1b1tors since these |

" .and othex relatednfungicides.have earlier been reported

%Mfo inhibit nitrification in seil at less than 2b‘pg/g_

-;éoneeﬁtfation.(ﬁill and.Wfight, 1978). The following



studies were conducted:

L
_Nitrobacter to determine the growth

in liquid culture,

Growth studies of Nitrpsomonas and

pattern and optimum éﬂb;t#ate concen-
tration, I o

Effect ofjtwo fungicideé (zineb and

.captafol) on Nitrospomonas and Nitrobacter

k4

Effect of fungicides on nitrification of
(NH,),50, and mineralization of urea in
soil; o '



CHAPTER - II



REVIEW OF LITERATURE

The decomposition of protelns, nucleic acids and
other nitrogenous organlc substances in soil leads .to the
release of N5 whlch equilibrates to the ionic species,
NH: in aln;st all soils., Ammonium may also be added in
the soii by the hydrolysis of urea of'#hrough ammoniacal
feftilizers. In most of the soil conditions, NH: is
oxidized to NOE as. rapidly as it is fbrﬁéd. The ﬁrocess
whereby NHZ is oxidized td-NOE,.is;:eferred to as nitrifi-
cation. Nitrification takes place in almost all seoils
where Nﬁ: is present and the canditioné are favourable
~with rgsﬁect fo.major factors of temperature, moisture,

aeration and pH.

It occurs in terrestrial, aquétic and sedimentary
ecosystems, Thé'strictly_biological_nature of nitrification
was firmly established with the isolation of "nitrifying
Ibabteria“ by_Winog:adsE§_in'the period.of 1889-1890, He
described representatives of two Small'grOUpS of ‘specialized
chemoautotrophs® "and clearly related the metabolism of each
of the two correspggdlng stages of nltrlflcatlon' the oxi-

,_datlon of" NH to NO2 and then oxidatién of N02 to NOy . The

autotrophlc nltrlfylng bacteria are the principal agents of



nitrification in soil and other ecosystems.

-Nitrifying organiéms}'

-

-Nitrification ié.largely.hfought about by
;'chemoautotrophic.badteria, although'it'has been
established that some.heterotrOphiclérgéhiams are
capable of produc1ng N02 and N03 from Nﬂ4 and
_organic nit?ogen in pure_gultures. (Eylar and _
fSch@idt;'l959;;Gunner, 1963;:qutader_and-hlexander,
1966; Focht and Verstraete; 1977). This form of
nitrification has been observed only in pure cultures

and farely in soils; L

Autrotrophlc nitriflers. Gram.negatiﬁe chemoauto-
trophic nitrlfylng bacterla comparislng the family
Nltrobacterlaceae are dlrectly 11nked to nltrlfica_

tlon in natural env1ronments. B List of chemoautotro-

phic nltrlflers expanded from Bergey's Manual of

Determlnat;ve;Bacteriology, 8th.Ed. (Watson, 1974)

" ie as follows:



-Table L

List of chemoautotrophlc nitrlfying bacteria(Watson 1974)

Genus : _ Spec1es

' Habitat

Oxidize3NH}¢Nog

Nitrosomonas eufogaéa
Hitrosospiia : briensis
‘NMitrosococcus nitrosus
' OCeanus‘
- .. mobilis
Nitrosolobus - .- multiformis
Nitrosévﬁbribf | | igggié

Oxldlze NozeNOS

'Nltrobacter : . "winogradskyil
.Nltrosplra : L gracilis
Nitrococcus - rmobilis

Marine

"'5011 water, sewage
:'5011
"Marine, soil

~Marine

Marine ..

Spil
‘Soil.

Soil

Marine

-NHZ'Qxidizing,Bacteriaz . All. genera pf_NHZ oxidizers

listed in Table 'L indlude species isolated from soil.

DeSpite the fact that various genera could be responsible

Efor NH4 oxldation in soil Nltrosomonqs has been w1dely

_accepted to contrlbute all ‘such oxldations

Nltrosomonas

is the most common NH4 oxldlzer in soll and hence the



.others are designated as'“Seconda;y genera" (Focht and
-.VérStraete, 1977). - Nearly éll physiological-and bio- - |
~ chemical studies have fécussed on N. europaea, and rela-
tivélf.iittle_is_known;about the_bioloéical features of
other génera. However, all genera of'NH: oxidizers appear
to be basically gimilaf with respect to'énérgetics, cafbﬁn

’fixafibh'ahd'independence'Of.pre_fixea ofganic compounds.

Nltrosomonas oxldlzes NH4 to h02 accordlng to the

equatlon.

. + o _ , - + .o
NH, + 1% 0, b e, NOo + HyQ + ZHJ; F-65 Kcal,

" This islenergy yielding reaction and this energy

is. provided for biosynthesis and maintenance.

Nitrite oxidizing bacteria- Since‘only Nitrobacter is

associated with.soil habitat the generlc dlver51ty of N02

oxidizers is less than that of the N oxldlzers Two

’ fspBC1es of Nltrobacter - N w1nagradkzi and N agilis wére

' generally accepted as compr151ng the genus prlor to 1974,
In Bergey s Manual, Watson (1974) considered these two
morphologiéally similar forms into. one species, N. wino-.

gradskyi

%,}: The oxldatlon of N02 to NO3 Ey Nitrobacter is

as . follows (Nicholas, 1978).

Noj +1/2 0, 26 NOg; F-17.8 Kcal



Nitrification by heterotrophs: - The.f,-irst instance of
NOZ formation by a heterotroph was reported by Schmidt

I1954) with isolation'bf_a soil fungus, Aspergillus flavus,

Eylar and Schmidt (1959} carried out é survey of micro-
organisms isolated;from'soil to determihe:the incidence
of heterotrophic forms capable of producing NO, or NO3.
.HéterqtrophicImicroprganisms, bacteria and fungl can be
'isolated f:qm soil and cultdred under conditions that

lead to the accumulation of Noa oxr NOE_; ~There is no

evidence from the relatively few studies attempted that
ahy.of‘the heterdﬁrophs that nitrify in culture ever do
so in nature (Schmidt, 1960), Nitrification by heterotrophs
as demonstrated in pﬁre culture are not readily extended

to substrate 1imited.conditions of the soil.

Nltriflcatioﬁ sometlmes.occurs in nature under
soil cmrcumstances where autotrophic nltrlflers can not
grow (Eocht‘apd Verstf??tg’-;977]‘. Heterotrophic nitrifi. |
.cétioh_is commqnly‘eﬁoiGéd-to acéognflfor nitrification in
'such instances, but no evidence of this nitrification is
‘there.to isolate a particular heterotroph, to demonstrate
itsléotgntial in pure culture andftheh to relate its |

.occurrence- in the natural environment,

-

Several methylotrOphs have also been shown to

xldlze NH4 to NO; ‘in pure culture conditions {Hutton
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and Zobell, 1953; Dalton, 1977).  ° ° L

Role of Nitrification and Urea hydrolysis:

Nltriflcatlon process occupees a central p051tion
‘in soil. nitrogen transformations. It is an essential -
‘process in the ecosystem and to the oiants as it biovides
'Nos to the plants under arable Condltlons. Thie prooees
is essentxal except under anaerobic systems where the
plants prefer NH4 n;trogen, NO3 - N is preferred under
aerobic conditions by most of the plants. Urea which is
moef commonly ueed‘in nitrogen fertilizere also results
'ultimetelyninto the proaucfion of NOE first by ite hydro=-
1ysis'to'NH ‘and then further oxldatlon of NH4 to NO3 .

Nitrificatlon has three general effects on the
recovery of Soil and fertlllzer nitrogen by crop plants
(Hauck 1972) : Flrst it affects tha nitrogen nutrition
of plants, because the rates of Uptake and use of the
substrate and end product of nltrlficatlon ~ ammonium
and nitrate respectlvely, are dlfferent seCOnd, it
promotes movement_of.nltrogen-becau$e it converts rela-
tivelyIimnobilé}‘cationic form of nitrogen to a mobile
'enionic fofm\ Thlrd, nltrlficatlon results in the for 2o

Lo
_tlon of oxidized forms of nltrogen that can ‘be IIiI'l!l-!

from the Soll by mloroblal and chemlcal action, nltrlte
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~and nitrate by denitrification and nitrite and chemo
(non-enzymatic) denitrification;

| Nitrificatidnrcan.also result in the reduction
of nitrogen immobilization and ammonia fixation. Little
nitrate is immobilized bf soil heterotrophs in the'presence-
of ammonium. But it can not be concluded from the llmlted
fleld data avallable that reductlon of these two processes
will result in 51gn1flcant 1ncrease in fertlllzer effl-
c1ency. Apart from its obv10us advanteges the possible
'dlsadvantages of nrtriflcatlon are-‘

a) , Promotlon of nltrogen loss by blo—and
© ' chemodenitrification, leaching and run off,

b) " Nitrate movement beyond ‘the crop root zone and

ey Nltrate ‘accumulation in ground waters,

-Dlsadvantages of nitrlflcatlon outwelgh the
advantages therefore, the control of nltrlflcation should
lead to 1ncreased efficiency of nltrogen use, manlfested

as’ improvement in CIOp growth yleld and quallty.

o The losses of nitrogen under fleld condltions may
be sxgnlflcant and may xange from lO-lOOA (Stephenson and
Ries, 1969) although under arable conditions the efficiency .
'qf.fertili;er_N];s.normally between 40-60% and under water
“ipg_geq conditions 26-_40%._;_(Pres_ad et al,, 1971; Tandon,1974; |
Scnnidr; 19821,d Many natural organic materials'or synthetic
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compounds maf inhibit'nitrificétion because of broad
biocidal activity or by toxicity to the microbes that
oxidize ammonium, These materials iqciude root extract
of many plants (Rice and Pancholy, 1973), Pesticides and

specific inhibitors of nitrification. .

Natural Inhibition of Nitrification:

" Inhibition of growth by opg;hic.cémpdunds of
various kind is well dOCUmeﬁtég.férjhitrifiers in pure
culturé (GUnderson,.1955). M;hy toxic compounds such.as
CQrtainfémino acids and hiffogehoué béses are released
during ﬁecompositibn Ef'éfganic matter, but nitrification
prdcéed§ Qigorouély:even in‘;ewage and manure wastes so
long as major envirdﬁmentél’féctors are favourable, Nitri.
fication may be affected by_certain_decoﬁposition products
of organic residues or bY'metabolites.excreted-by plants
pr'micro-orgahisms in soil but it is still only suggestive.
Yost of the fesearch\on fhéﬁﬁétiéf has focussed on graséland
sbils and the reports aéé.highly contradictory, 'Clark and
>aul (1970) reviewed the various répoTts both for and
1gainst this hypothesis. Much of the evidence for inhibi- -
tion has derived from the.add%tion:of root extracts to
nitrifying. cultures (Rice, 1964; Munro, 1966; Neal, 1969).
Rice'(1964):édded_thé'e%tracts_to“liquid medium ét the

rate'of 5%, The présence of_inhibitorv substances under
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~ such soil conditions is prbbable_butjit is unlikely that
‘similar concentrations of .inhibitory substances occur in

the rhizosphere.__ﬁonila.and Rovirau(1964);found that

exudétes inhibited Nitrgsomonas in liquid'culture,.but
MPN numbers of both NH4 oxldlzers and sz oxidlzers were

1ncreased in the rhleSphere soil of the same plants,

--Moore-and"Waid.(;97l) provided some of the
-strongest. evidence for-épecific'inhibition by plant exp;
.“dates.s;They_added'fresh-root'wéshings,toﬁa soil that was
;;djusted'to-a constant-nitrification-rate- The most pro-~
fnounced depr9551on of nitrification. was: obtained with,

ryegrass root extracts.

‘specific Inhibition of nitrification i

" The ﬁéé'df'sﬁéCifié nitrifiéation"inhibitoré to
regulate the formation of'ng from ammonium fertilizer
‘was recommended for the flrst tlme in 1962 by Goring who
deveIOped N-serve (2! chloro-é-(Trlchloro methyl) pyridine)

e ( Gostiwmg (96245 )
as the specific- nitrification’ 1nhib1to§< his compound '°
is one of the best nitrification inhibitor available today'
and is curreﬁti§fregistered-for;userih many crops in USA,
Thiséreduces nifrogen;losseslfrom leaching and denitrifi-
-ﬂgétiqﬁ at .very low rateé:(o.oﬁrfo 20'pg/§ depending-upbn

_soilftypes).; Bremner gEiéL._(lQ?é); however, recommended.
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some precautlons in the use of nltrapyrzn, otherw1se the

- chemical becomes 1neffective.

) Many materials-will inhibit nitrification either
because oflbrnad_bidcidaleaetivity“or by toxicity to
Specific.mierobes thét“exidiie ammonium. Inhibitors affect
the aufdtroeh;c ni£:ifiers by refarding either their groﬁth
or their functions. ~Inhibition of nii:if?ing activity

can be caused by interfering with respiration and cyto;

chrome oxidase function by chelatiné essential metal ions

by prbductien'of-acid in'tﬁe'micro-envirOnment and by

liberation of toxic. compounds such as mercaptans, sulfo.
xides and sulfones, -

Some of tﬁe“other_materials_developed and recommen=

~ded for this purpose include AM (Z—amino, 4—Chloro-6-methyllé

pyrimidine), ST (2-0ulfan11am1deothzazole), terrazole

(5-ethoxy-3-tr1chloromethyl—l, 2, 4-th1adlzole) KN3 (Pota-

... ssium azide}, didin and ammonlum thlosulphate (Alexander,

1965; Huber and Watson,- 1974; Prasad et al., 1971; Amberger,
1982),

| The mosf'eempfehensive Comperative testing of
nltrlflcation inhibitors was reported by Bundy and Bremner
(19?3) who used 24 compounds: applied to three soils at
the rate of 10 ng/g to_observe,effects on the. nitrification
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-

of 200 ug/g NH:;:NA~.L; Ten compoundé”had no effect on
NO3 ‘generation, the others were ranked as follows on the
basis of decreasing avérage-effectiveness- 2-Chloro_6-
(trlchloromethyl) pyridine (Nltrapyrln) A.amino-1, 2 4-
triazole (AIC), potassium ox sodium azide, 2-4 diamino-6-
trichloromethyl-s-triazine (CLeLSBO),.dicyanadiamide, 3~
chloroacetanilide lfamino-E-thiourea,/2;5—dichloroaniline,
phenylrercuric acetate, 3-mercapto—l,'2,'4-triazole or
2.amino-4-sodium diethylidithiocarbamate.. The first six
.éave more than 50% effectiveness -as averaged for the three

soils.

| chyanadiamlde (Dldln) has been found to be an
effective nltrlflcatlon regulator in soils and manures in
the past few years. This chemlcal 15 effect1Ve at a con-
centration of 5-10 Rg/g in soils and is retained in soil
betwgen 40 to 60 days ( Amberger and Vllsmeler, 1979;
Amberger, 1982), |

 Work déne in India has shown that non-edible oil

cakes . and their'constituéﬁts pa;ticuiarlY'those of neem.

(Azadirachta indica) and Karanja (Pongamia glabra) havé

the ability to retard nitrification {Reddy and Prasad,
l975; Sahrawat and Parmar, 1975; Sahrawat, 1981). However,
theseﬂaaterials were considerably inferior to nitrapyrin,

Mishra et al. (1975) found that neem seed cake inhibits
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Nitrosomanas.

_Bremner_aﬁd Douglus (1971} for the first itime
- recommended the_use of ureaSe'inhibitqis for controlling
nitrogén-losses._ﬁThey Opined'fhat'ureé_isrrapidly,hydrof
lysed .in the soil resulting in accumulation of ammonium,
The increased concentration'of.ammonium;may lead to toxi-
city_to:germinétiﬂg §eedlings:and gagéops_loss of urea N
as ammonia at higﬁe: pH...Bremner;andlhis assoclates
(Bfemnér.and Douglas, 1971; Bundy and Bremner, 1973, 1974;
Brémﬁé:-and Mdlvaﬁey; 1978; Mulvaney and Bremner, 1981)l
tested a large number of behzoqﬁinones, hydroquinones and
other urease and nitrification inhibitors and Teported
that the methyl and halogen substituted.p,benzoquinones
were the mostfinﬁibifory for.urease gcfivity; |
Mishra and Flaig (1979) and Mishra et al. (1980)
tested a 1argelﬁumbér of éhthréduinohes and naphthoquinones
. and found 4-tert butylpyréqéééchdifand 4, 6-ditertbuty1
pyrocateﬁhol tq:be'effe¢£ive inhibitors of urease activity
and nitrification. Recently, phéﬁfiphospﬁorodiamidate
(PPD) has beéh'reﬁoited to be the most effective urease

inhibitor (Martens and Bremner, 1984).

- ' The urease inhibitors in general, have utility

iﬁ:éoiis of high pH wheré.volatiiization losses ma?'be'

”signffiﬁantlor'iﬁ soil of light texture where retention
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of NH: ;s*lese;f Deep-placement-of-ureeisignifiCaptly
 reduces nitrogen losses (Rao and Batra;'1983).
‘Although"a large number of chemicals have been
found to bo'hsefuldds'hifrifioation inhibitors_but'they .
have found limited field applications. Most of these
chemicals.are ﬁof'produoedzcommercialiY”es;nitrificatioo“
nhlbitors and therefore their prohlbltlve costs have

e

llmlted thELI use.’

Effect of pestiCLdeS;

.r Pesticides may be natural.or synthetic comoounds,
which_are_reco@mendedffor use against pests and include
fdnéicides,-herbicidee, insecticides and nematicides. These

-chemicals flnd thelr way into the soil through soil treat-’
ment, seed treatment, follar Spray etc. Apart from the
target organisms a. pest1C1de may affect-other organlsms
present 1n the 5011 | Vblumlnous data ir avallable on the

éffect of various pestlcldes on dlfferent s0il microbiolo-
gical processes (Alexander, l973° Powlson, 19?5 Alexander,

1978 Anderson, 1978) '

Most populatlons of mlcroblal grOUps are not reduced
or greatly affected by those pestlcides that are present at
low concentrations, but algae are notable exceptions, many

f whlch are markedly 1nh1b1ted by herblcides. The
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insectlcldes alter the abundance of partlcular hetero-
trophic pOpulatlon when present in high concentratlons;
lthough responses vary with soil type. ' On the othexr

hand, fungicides and_fumigants are added to sufficiently
high ie§e1s to'suppress a group ofymicroorganisms. Since
many indigenous heﬁerotruphs are_as susceptible to cheMibal
stresslas afe the diééase'inpi3§93§3.dramatic pdpulation
modification are comnonly associaﬁed with such treatments

;(Rldge and Theoderou, 1972) P

Compounds that are. found An cOncentratlon high
enough to be injurious, do not affect alllthe_populatlons
fb same extent; one species may get suppressed appreciately, .
a second,ma? §uffer only mﬁdést harm while a third is
entirely £ésistant.. | o

Nltrlflcation is a sensltlve transformatlon which

is SUppressed at a lowex concentratlons as compared to

mother processes [Morrls and Giddens, 1963)

Anderson (1978) compared the ratlos of effects of
pesticiges_on‘differept sqil processes. In his attempt_to
obtain an overéii"guide tolfhg_general effects, all stimu-‘
latpr§ effeptsIand nqlgffecfs were'a&ded and designateﬁ
és po§itive; Similarly all.inhibifions were added togethér

‘and designated as negative. The ratio of positive to
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'negatlve effects was dESCrlbed as effect ratio. Although
the effect varies on dlfferent agrocllmatic conditlons,
but the effect ratlo glven in Table 2 nges general 1dea
about the effect of pestlcldes on 501l_m1¢roorgan15ms and

the processes brought about'byffhESe.o:ganisms.'

' Table 2

Summary of pestlcide effect ratios on microbial
processes in soil: S Co

Parameter = - Herb1c1des Fundgicides Insecti- Other
o cides pesticides
1. Bacterial numbers 1,20  3.50 °  1.20 1.CO.
2. Nitrification =~ 1,40 . 0.54 0,82 0,32
3. Denitrification 1.82  i.dals  i.dea. f.da,
4, Rhlzobla and legume' 0.94 'fl.CO | 0.78 i;d.a.
nodulation o S ' .
5. Free living N, 1.65 . i.d.a. 1.7% i.d.a.
-~ fixation = %7 o T
6. Fungi and actenomycetesl,09 (0,5 1.43 0.55
' 7. Cellulolytic activity 1,31 - i.d.a. 1.10 0.62
and organic matter . _ :
- degradation - .. S _ L _ . . _
8. Respiratory actlvzty - 0.91 0.40 2,00 1.40
9;“Ammon1f1cation S, f@‘f 1.3 - L.e4 1,20 |

*lmmwumraw-mmeﬁ. o
- From the rat:.os ob‘talned {Table 2) it is poss:.ble

to state that on the ba51s of data rev1ewed that bacterlal
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numbers in soil are not generallY_advergely affected by
any of thg'four groups of pesticides,,whereas nitrifica.
tion is more sensitive to fungicides, insecticides and

other pesticides than.it is to herbicides;

. The effect of dlfferent groups of pest1c1des on

nltrlflcation are descrlbed be low,

Herbicides : .Nitrification is one of the most extensiveiy
studied soil processes'and'accumulation of data on pestiﬁi-
des effects, makes it very difficult to generalize on the
effebts of these chemicals. To date, the most inhibitﬁry
chemicals, excluding fhose specifically éesigned to inhibit
nitrification, are-sodiﬁm chlorate-ahd Calcium cyanamide.
fhe former Can inhibit nitrifiers-for Upto-a year whilét
the latter has been reported 1o almost completely eliminate _

nltrlficatlon (Audus, 1970)

In culture studies, Wlnely and San Clemente (1968]
.. studie_d the effect of__EPTC__ and Chlol‘p;‘opham at rates equi-
valent to field_:ates”éﬁd found that- NO, oxidation by

Nitrobacter sp. was inhibited and the higher rates stopped

the prOCess completely; Farmer et al. '(1965) found that
simazine at 6 pg/g inhlblted Nltrobacter agilis but not

‘Nitrosomonas europaea. Slma21ne at 5, 1o and.loO pg/g was

T

found to have no effect on pure cultures of nitrifiers

(Kullnska, 1967).
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| In soii studies, Debona and Audds {1970) using
perfusibn columns observed an incfeasing order of inhibi-
tory effectiveheés‘for-ten.herbidides-qgainst nitrification
at high concentrations. The order was: dichlobenil /
paraquat é:picloiém¥£ 2, 3, 6, tribhlofobenzqic acid =
chlorthiamid v bromo#ynil ['chlorfluréz§leié ioxynil /

propanll

_ Domsch and ‘Paul (1974) tested the effect of 35
hérbicldes on nltrlf;catlon by.eXperlmentatlon and mathema-
tical modelling.--TheY concluded that most bf the herbicides
had a negligible effect at'normal'field=rates and were only
effective against nitiification when.fhe'soil pH was below
' 7.0.dxidation:of'NOE'to.NOE.‘appeared to be more sensifive

than bxidation-of-NHZ;to_Noa :

Fungicides‘z 3 FunglCideS may severely SUpIQSS nitrlflca—
tion in‘soil Audus (1970) COncluded that strong SUppre— |
:uSSlon of nltrlflcatlon,_followed by slow recovery is shown
 by the follow1ngafunglcides (recovery t;me in days in
parenthesls) nabam (60), thiram (60) ferbam (28}, maneb
(25) and zineb (17) - “ |

_ Cepatan, thlram and verdasan elther stlmulated ox
had no effect on nitrlflcatlon in grass soil when applied

at_low concentratlons.' At_hlgher_rgtes, however, captan
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(25 kg/ha), Verdasan (150-5.0 kg/ha) and thiram (10 and -

25 kg/ha) inhibited the proéess (Wainwright and Pugh, 1973).

In mixed cultures of Nitrosomonas sp. and Nitrobacter
sp. it was found that?éo-pg/ml benomyl’ inhibited oxidation
of NOE to NO3 and that 200 pg/ml delayed the ox1dat10n of

" NH to Noj (van Faassen, 1974).

Insecticides *:-ThefinsecticideS'are inhibitory normally

at a high concentrations.: :Growth of Nitrobacter agilis in

aerated cultures was inhibited by chlordané, 1, 1-dichloro-
2, 2-di (4-chloro phenyl)" ethane and . heptachlor or lindane
at 10 pg/g but not by :aldrin, whllst lindane, TDE and

hegtachlor and chlordane also partially inhibited N02 oxi-
dation (Winely_and:SaniClemente;_1970). on the other hand,
Mishra et gl.i(1972) found thatneither lindane nor phorafe,

at normal andften thnes nofmal'rates, had any adverse

effect on nitrification‘although Nitrssomadk sp. was slightly
affected. Earlier, it was shown that Nltrosomgqg is more |

.sensitive than Nltrobacter to hlgh rates of lindane (Garretsol

and.SaQ_Clemente,-lQGS).

Shin Chsiang Lin et al. (1972) using loam soil, .
tested the effects of eight-insecticides on nitrification.
Carbofuran and carbophenothlon had no . effect trlchlorofam

1nh1b1ted at 5 and 50 kg/ha for a short period, fonofos,
trichlor onate and chlorpyrifas showed per51stant inhibition
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at 50 kg/ha and aldicarb and propoxur at 50 kg/ha showed
marked inhibition of nitrification.. Kuseske et al.{1974).
found that at rates upto 500 ug/ml propexur and aldicarb

~were toxic to both Nitrosomonas sp. and Nitrobacter sp.

Soil Fumigants and other Pesticidal chemicals : Apdrt

from'herbicides, fungicides and in;ecticides, the fumi;
Qant also have inﬁibitory effeét qn hitrification at_rela-‘
tively lower concentrations.. Under field conditions
metham sodium and dazomet increased numbers of nitrifying.
bacteria in a leam soil but aliyl alcohol and formalin
inhibitéa nitrifiers, under. less dry soil conditions
(Naumann, 1970; Naumann, 1971) later showed that nitrifiers
in the loam soil ‘under green house cSnditions were inhibi.
| ted for 38 days after treatment with dazomet and for 13
days with allyl alcohol, - .
The nitrification of native soil nitrogen in a
‘sandy loam was stimulated by ethop#ophos and 1,3 dichloro- .
propene at a sgil témperature_ofi5°c for two weeks affer
application whereas ih‘the same Soil;.ethoprophOS, N-serve,
1,3-dichloropropene and vorlex inhibited the nit:ification:

process four weeks after appiication {Tw, 1973}.

In combaring the effects of two fumigants and

.

N-serve oﬁ”nitrification in three soils at temperatures
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of 5%, 25°% ‘and 40°C Thiagalingam and Kanehiro (197L)
found methyl bromide to be a more effective inhibitor
in all three soils regardléss of températﬁre. Ethylege

dibromide and N-serve were also inhibitory.

Zineb, captafol and related fuhgiéides have been
reporfed to advé:sely effect nitrificétioh in soil at
20 ké/g or lower cohcentrations (Goring.aﬁd Hamakar, 1972;'
Hill and Wright, 1978) therefore, zineb and captafol
were selected to aséess thg.féésibilit& of their use as

nitrification inhibitors.
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MATERIALS AND METHODS

Badterial cultures -

Pure cultures of Nltrosomonas sp. and Nitrobacter

sp. used durlng the present 1nvestlgat10n were earlier

lsolated 1n_the Department of MicroblologY, Haryana Agrl-
culturél Uhiveféity, Hisar. The CUltﬁres*were maintained
in liquid medium, Transfers were made after every fifteen

days. The following medium was used for growing Nitrosomonas

sp- (Belser and schmiat, l978) .
-

KHPO, . 0.2 g .
CaClZ: 2320 - ... 10 mg
MgS0,,. TH,0 . 40 mg
‘Bromothymol blue = 2 mg

The following medium conponents were added in trace amounts
(1-2 mg) .
Ee304.73203_‘_w

'EDTA disodium salt- .

' NaMoO 4+2H,0
Mn012
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00012.;320~*;
Znso,
 Cus0.TH
Disﬁilled water = l litrg

-pH 73 _.?'8-1_‘.

The medium used for Nitrobacter sp.. (Belser, 1977) was

as-foliows:lL

\\

NaNo, | g 1.0 g
k2HPO4  © 05 g
ﬁaCi_ o 0.5' g-

- MgS0,.7H,0 0.3 g
Fé$o4.7ﬁéb o 1l 'mg -~

Distilled water L litTe.
pH 8.0
Chemicals :

Thé chémicals used th;oughput_thé course of
present'inyéstigafidn.were‘abtained_from c@mmerciql sources
suéh aé British Drug House, Pvt._Lfd;.lBombay; Sarabhai
Chémic;is Ltd., Baroda, and E._Merck inﬂia Ltd., Bbmbay.
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4 _Two-fungiCidés - zineb and captafol were
commercial formulations and were obtained from Inéofil
- Chemicals Ltd., Bombay and Rallls Indla Ltd., Bangalore

'respectively.

- Zineb belongs to dithiocarbamate group, . Its
chemlcal formula iszinc ethylene bis” dlthlocarbamate

and the chemlcal structure 15 as follows~~

H . H S
é e L il'ﬂ" : ,S,rs., :
C—— N -c s<*<ig,
| L
H

" H

CH e—

——
—
———

comﬁéicialiy'it is aléo known as Dithane Z-78

_ Captafol belongs to heterocycllc nitrogenous
'_compound Its chemical formula is p;s—Ng(l,l,2,2-tetra
-chloroethyl:tido)-4-]cycldﬁexané;l,Z-dicarboximate and
the_structuie is’as fp;lowéz '

.0
'If
‘,,/’ 2\\““CH"// \\\\

Cl o

N-—S-_._C —— CH

\;H/‘”\/ AR

Commerc1ally it is also knowﬂ as leolatan

Il
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Coilection of eoil'eamples :

.Soll samples were collected from the upper 15 cm
of the proflle from the soils area of the Haryana Agricul-
tural Uhlverslty Farm at Hlsar. The 5011 samples were air
dried, powdered and passed through a.2.0 mm sieve. The
Soll samples. were analysed for the organic carbon, total
nltrogen and pH. Organlc carbon in the soil sample was
estlmated by the procedure of Walkley and Black (1934)
Total nitrogen in the soil was. estimated by mlcrokjeldahl
method as deserlbed by Bremner and Mulvaney (1982), The
pH of the‘soil was defermined in e systrenics digital pH

meter using a soil to water ratio of 1:2.5.

Growth pattern_of"Nitrosemonas'sp. s

Gmowth pattern of Nltrosomnnas Sp. was studied by

'inoculatlng L ml of pure culture (15 days old} to 30 ml
sterlllzed medlum contained zn 150 mL’ Erlenmeyer flasks.
" The flasks eere incubated at 30°C on a rotary shaker
Nltrxte was determlned colorlmeterlcally after every two
daYS_UptO ten days (Bremner, 1965}, and the most probable

numbe:7count'ef Nitresomoﬁes‘wes'taken_at O time and after”

‘10 days of incubation by the procedure described by Schmidt
and Belser (1982). The experiment was conducted in triplicate

and values are average of three rep lications.,
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‘Determination of Nitrite Nitrogen :
'Réagents_:
(a) 1% Sulphanilamide: Dissolved .l g of the
guipﬁanilaﬁide in 100 ‘ml of an acid solution
made up with 75 ml of distilled water and 25
ml of conc. HGL,. Stored in an amber coloured
.reagent bottle. |
(b) ~ 0.02% N-(l-naphthyl) -ethylene diamine hydrochloride:
Dissolved 20, mg of the substance in 100 ml
distilled water and stored in an amber coloured
~_reagent bottle, -
Procedure : -
" One ml’Qf'éliquOtfwas taken in a test tube and to
'this was added 0.5 ml of sulphanilamide feagent followed
by 0,5 nml of the'naphthylene diamine reagent to develop
the ddiéﬁf.' Water was added to ‘make the final volume to

4 ml. After lO mln. the denelty of - the color was deter-

mlned at 540 nm on a Spectronic 20 colorlmeter

Determlnatlon of MPN'of Nltrosomonas

. For MPN of Nitrosomonas Sp.. serlal dilutions were

.made 1n 0.5 i phosphate buf fer {pH 7. o).

"One ml from each serial diluthn was inoculated
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in triplicate tubes containing 4 ml of sterilized medium.
The tubes were incubated at 30°C in dark, Observations
were made after 15 days by Spet”test.

The Spot Test was done as follows:

Reagents :
(a) - 0.5 sulphanilamidé in 100 ml 2.4-N HCl stored
in a refrigerator. R
(b} 0.3 g of N(l-naphthyl)-ethylene dlamlne
" hydrochloride in 100 ml of 0.12 N HCl stored
~ in refrigerator; | -
Took 0.1 ml of aliquot aseptically in a crucible

and added 1 drop of. reagent (a2) and 1 drgp of reagent (b).

Pink color;indlcated_the presence of nitrite and was

designated as posiﬁiye.<

Growth pattern of Nitrobacter sp. :

GI‘OWth pattern Of Nltrobacter sp.l was StUdlad ]_n

the same manner as for Nltrosomonas by inoculatlng 1ml of

pure culture of Nittgbacter in 30 ml of sterilized Noj

oxidizing medium contained in 150 ml Erlenmeyer flasks and
incubated at" 30 C on E"rotary shaker, Nitrate production
was'dete;mined*after every three days by salicylic acid

"method (Cataldo et.al., 1975). .The MPN count was taken



at O time and after 15 days,

Determination of Nitrate Nitrogen s

l Allquots were plpetted into 50 ml Erlenmeyer
flasks ‘and mlxed thoroughly with O, 8 ml of 5% {w/v)
salicyclic acid in -concentrated’ H2SO4. " After 20 min'
Cat room temperature 19 ml of 2N NaOH was ‘added slowly.
‘The flasks ‘were then cooled to Toom temperature and
«absorbance at 410_nm was_dete;mineq on spectronic-QO
EOlorimeter.“ | ‘ 'j. .. g )

Determination,df;MPN of Nitrobacter :

For MpN of Nltrobacter sp; serial dilutions wex:

made in phosphate buffer in the manner descrlbed for

NitrOSOnnnas_' Cne: ml of each dilution was added to tube

containing 4 ml of Nitrobacter medium and the tubes were

_incubated at SOOC.'.SpOt test for the presence of nitrate

_ was performed after 15 daysl ‘The disappearance of nitrite

‘_1ndicated the presence of Nltrobacter and was de51gnated

‘as p031t1ve. ‘The presence of nitrlte indicated the absence

of Nltrobacter and was de51gnated as negatlve. o ' -

Determination of SubStrate tbncentration for Nitrosomonas sp

. Thirty ml of the Nitrosomonas medium described

‘earlier but without..ammonium sulphate was taken in 250 ml
! | v Al | _
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Erlenmeyer flasks eed-(NH4)2SO4 was"eéded in amounts

SO as to give concentrations of 1 mM (28Jpgyml 2 mM
(56 pgJmly, 3 mi (84 g?’ml), 3.8 m4 (106 pa/ml), 4 mM
(112 pg/ml) and 5 mM (140 pgyml) in the medzum After
sterillzatlon at 15 lb for 20 min the flasks were inoeu-
‘lated W1th one ml of the 15 days old culture and placed
in an 1ncubator at 30°C The experiment was conducted
in\tripllcate. Nitrite was estnnated colorlmetrlcally
after every 2 days upto 10 days by procedure descrlbed

I

earlier. o S o __:'g
MNP was taken at the start and at the end of the

experiment by the procedure already descrlbed._ o -

Determination of - Ootlmum Substrate Concentratlon
for Nltrobacter Sp.. '

The effect of different concentratlons of nitrite-N

on the growth of Nltrobacter Sp. was studied in same manner

. as for Nltrosomonas.

The same - basal medium as employed in the previous

experiment for Nltrobacter was Ured

- Thirty ml of ‘the medium was taken in 150 ml
.Erlenmeyer flasks and NaN02 was added in amounts so as to
give concentrations of 5 mM (69 ya/ml), 7.5 mi (108.4 pyml),
10 mA (138 pgPml), 14.5 md (200 pg/ml), 15 mM (207 pg/ml),
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20 mM (276 pg/ml) in the medium, ‘After sterilization the
medium was inoculated with one ml of 15 days old inoculum
and incubated at 30°C,

Nitrate formation Was estimatéd at 3 days interval
upto 15 days b? salibylié acid method és.described'earlier
(Cataldo et al., 1975). MPN was also'defermined in the
start and at the end of the experimeht'in the same way as

in previous experiment.

Determination of the Effect of Funglcides on Nitrosomonas 5p.
and NitTobacter sp. in liquid culture : -

3

Effect of different concentrations of fuhgicides

zineb and captafol on the growth and activity of Nitrosomonas

and Nitrobacter was studied in pure cultyre in triplicate.

" Thirty ml of the recommended medium was taken in
250 ml of Erlenmeyer flask, after étéiilization zineb and
captafol were added in the mediuﬁ,iﬁ-the concentrations
-"rahging fromloito IO pg_per ml of the medium. One ml of
15 days:old inoculum was added to eaChfflﬁsk.' Flaskg'were
incubated at hogC in a rotary shaker. Observation of
nitrite proﬁuctioﬁ ?nd.nit;ate prqductionimere taken at
three days interval.~-Experiﬁent-was pérformedlupto 15 days

and. was conducted in triplicate.

- MPN counts of Nitrosomonas sp. and Nitrobacter sp.
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were taken in the beginning and at the end of the experi-
ments, - The procedure was same as described in previous

expertment

Determination of the Effect of Funq1cides oh
Nltrrflcation in 5011 :

- Two hundred g of air dried soilwas taken in
plastlc COntainers in triplicate. Nitrogen was added in

the form of (NH4) SO4 at the rate of 200 Ng per g 5011

—

" Solutions ‘containing different concentrations of
'z1neb and captafol were made.i;“drmethyl sulfoxide (DMSO)
The 501ut10n_was made in such_a manner so that the amount
of DMSd_added with theefungicides wae conetantly L ug per
g soil, The.fungicides were_dissolved'in DMSO, so_thet_
_théy-cqﬁld bé u_n:i.form]_.y.mi;lced in the soil. Water was added
to 60% of the water.holdidg'capacity.and three replicate
sets.were inoculated at'30°C Mlxlng was done at alternate
_days and water content was adausted every1~eek a control

without ammonium. sulphate was also malntalned

NH4 - N NO2 - N and NO3 - N in the ‘soil were
estimated every week by steam- dirtlllatlon method (Keeney

and Bremner, 1966). and MPN éounts for ‘both Nitrosomonas

and Nitrpbacter were taken, All determinations were

carried out in triplicate and values are the average of
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three'readingsL

Determination of the Effect of Fungicides on
‘Mineralization of Urea=N in soil : )

_ This experlment was performed in the mannerf

51mllar to the previous experiment.

Two hundred g of soil was_takeh in pleetic
containers, Urea granules were added as nltrogen source

at a concentration of 200 pg?b 5011

Urea Coating :'_Urea granules of 2-3 mmysize were coated
with fungicides (Zineb and Captafol) with the help of
'cealtar; Diffeeent quantities of fungicides were weighed
and added to 840 mg urea granules so as to arrive at
required fungicide concentration. To this mixture 0.3 ml

ef coaltar solution (prepared by dissolving 5 g of coaltar
in 50.ml of'toluene)lwas added and mixed well so that.fungi..
cidee-adhered well to ureatgranuleséj.The-toluene was |
\allowed to evaporatedendﬂthe rqui;ed amoent of coated
gfenules were added to soil and_mixed‘well; Controls
'withut coaltarland urea coated with coaltar only were

alse kept., The moisture was adjusted to 60% of the water.

holdlng capacity and 1ncubatn3n was done at 30°c,

,The soxl_samples were rempved at weekly intervals

andlthe NHZ-N, NGE;N and_Nba-waere estimated.
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MPN for Nltrosomonas and Nltrobacter in the soil |

was also monitored at Q day and after two and four weeks,

Determinetion of Nﬁ4'-'N,fNOE-Nl.and=ﬂ0§+hlin soil.fj

.Preoerationlof'Soil Extrect:_ Ten g.of.soil from each
container was taken'in'250 ml conicel'%lask and 100 ml of .
2 M KC1 was aeded; ‘fhe'flasks were'kept'on.a'rotary shaker
for one hour, The suspension wae_filtered through Whatman

.N0142 filter papeT and the'filtrate was stored in a refri-

gerator untll analy51s could be performed

T Steam dlstlllatlon procedure for determination of

b

NH} - N, N3 - N and Noj - N with MgO and Devada's alloy

ao'oescribed-by Keeney and Bremner (1966) was emploved.

Reagent s: , .
(a) Magnesium ox1de (Mg0) : 'ﬁeavy MQO'in an electric

'muffle furnace was heated ‘at 6000- 700°C for two
hours-and then stored ln a.tlghtly stoppered bottle,.

(o).5_':Boric aC1d-Ind1cator solutlon'_ Dissolved 20 g
boric acid in about 700 ml of hot water and
'tpansferred'the cooled solutlon to one litre
”volﬁmefric flask containino 200 ml of mixed
oolﬁtion (prepared b§ dissolving_o;aoo g of bromo-

”oreéol green and O.;65'g'of'ﬁethylired in 500 ml

‘of ethanol). After mixing the contents of the
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| flask 0.05 N NaOH was added until a colour
-change from plnk to pale green appeared when
J ml of the solution was mixed with 1 ml of
water. The soietion-was thus diluted to one

litré with water and mixed thoroughly,

{c) ‘Devarda!s'allof: A lOO-mesh powder of'the
B allpy was used, | J
{d} Sulfamic acid: Dis ssolved 2'9 of sulfamic acid

in 100 ml of water and stored the solutron in
a refrlgerator. '

{e) Sulfurrc acid ([—!2504), o oos N

Procedure :

{a) AmﬂonlumpNitroqen*_

' Flve ml of boric acid 1ndlcator solutlon was
added to a 50 ml Erlenmeyexr flask that was- marked to
indicate a volume of 30 ml and the flaskvvas placed undex
the condensor of.tao steam.distlllatlon apparatus. Aan
aliquotf(ld'ml)‘of tﬂé soil extract”has'added into the
disttllaticn flask and O.L g of Mgo Was added, The
flask was’ attached to- the steam dlstlllation apparatus.
Dlstlllatlon was stafted by 01051ng the.stOpCOCk on the
steam by pass tube of the dlstlllatlon apparatus. When
the dlstillate reached the 30 ml mark on the receiver flask
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ltﬁe'distillationuweeestoppeo-by-openihg fhe stopcock on
the steam by pass tube; the end of éhe condensor was
rinsed and NHZ-N in the.disfillate was determined by
titration with 0,005 N H,S0, from a micro-burette

{1 ml of 0.005 N Hy80, equals 70 pg. of NH4 - N). The
colour change at the end pomnt was from green to a
permanent faint piqk
{b) ' (Nitrate +.Nitrite) -'Nitrogen IR

o After removal of NI-I4 N from the sample as described
aboee; the stOpper was removed from the side arm of the
.flask The flask was allowed to cool and then 2.0 g of
rDevarda 's alloy was added rapldly and the stopper was
replaced immediately in the neck of the side arm. The
distillation was done in the same manner as described for
'NHI-N. Then the nitrate and nitrite;nitrogenxuas deter-
mined by titrating the distillate with 0.005 N H,SO,.

(c) Nitrate~Nitrogen s

.. The procedure described for determination of
(NJE +'N05)-N wasﬁfo{iowed but the analyois was performed :
on a‘eample that has been treaeed with 1 ml of sulfamic
acid to destroy niérite before the addition of MQO and

Devarda's.alloy.
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MPN count of Nitrobacter and Nitrosomonas :

For MPN determination, 10 g of soil sample was
taken from each container and added in 90 ml of sterilized
thSphate buffer. Then serial diIUtions were made in
phosphate buffer (pH - 7.0) under aseptic.conditions.

Media for Nitrosomonas and Nitrobacter were prepared..

'Each medium {4 ml} was distributed in tubes and sterilized.,
One ml from each serial dilution”was inoculated to 4 ml of |
steril%zed medium contained in tubes which were incubated
“at 309C in dark. Spot test for the presence of both

Nifrosomonas and Nitrobacter were performed after_threé

weeks by the method described earlier and MPN counts were

calculated from the MPN tables.
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RESULTS AND DISCUSSION

The 1mportance of the studies on'the effect of
peat1c1des on non-target organisms has been realized
long bacg_and detalled reports are available on the
effect of these dn.different-SOil microbiological pro-
cesses. The common - drawback however observed in these
studies on the effect of pest1c1des on soil mlcroblologlcal
processes ha? been that either the eXperlments have been
done with pure culturg or the effect has been studied
directly iﬁ the-soil Little data is évailable to indicate
the correlatlon between pure culture and soill studies,
Whereas the pure culture may prov1de ideal condltions for
growth of the organisms and the toxicants may have direct
‘effect on-the microorganisms, on the other hand in soil
the conditions are rarely 1deal for growth but the toxicant
may be - subaected to absorptlon/adsorptlon and degradation,
During the_present 1nvgstlgatlon, therefore, the following
studiés.wéré.bondudted so és to ascertain the effect of
zineb.and captéfol dn“nitrifying baﬁteria.and nitrification
process in soil ‘and ta. examine the p0551b111ty of their

use as n1trif1Catlon 1nh1b1tors.

-



1.:' , Growth studies of Nitrosomonas and Nitrobacter

to determine the growth pattern and optimum

substrate concentratlon.

(2. ‘ Effect of two fungicides (ziheb and captafol)

on Nitrosomonas and Niffdbacter in liquid culture.

3. . Effect of fun9101dev on nitrlflcatlon of (NH4)2804

’ and mineralization of urea in soil

Growth Pattern of Ni'trifyinq Bacteria :

The grthh pattern of Nitrosoménas and Nitrobacter

~isolates used dﬁring present investigatign was.studied S0
.as to determine the proper incubation.period for further

| experiments, The subsfrate oxidation or prbduct formation
has been considered as a functian of the:number.of nitri.

fiers in determining the growth pattérn;

Nitrosomonas :
The results given in Fig.l show the formation of

'nitrite by Nitrosomonaé. It Has-been 6bserved that the

bacterium grew only Upto six days, afterWards there was
no growth, - There was increase in nitrlte from first day -
.ﬁpfo sixth é;y, but_there was no 1ncrease later Only

, 10-12% of ‘the added NH -N was ox:.dlzed to NOZ-N in 10

'_days:_ ‘Nitrite has been shown to be 1nh1b1tory for many
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microorganisms (Cassens et al., 1978} and it is likely

" that it inhibits Nitrosomonas as well, Therefore, there
was no oxidation ofaNHZ-N when the nitrite-N concentration

~(reached 10-12 pg/h'zl in the medium,

| The MPN revealed that the number of cells increased

from 20 % 10 /ml to 95 x loB/ml after ten days.

NitTobacter

'As against NitTosomonas, the Nitrobacter grew upto

15 'days (Fig.2) and the conveTrsion of“Nda-N to NO3~N was
about_95% during this period. Nitraté'is known te accu-
mulate in soils upto several hundred ug/g without any
adverse effect, The MPN counts at O time and after lS_d;ys
revealed that the population increased about 10O folds in
15 da?s.- The increasé was relatively less as compared to
other. heterotrophlc bacteria since these bacteria are

well—known to he slow grow1ng (Bock 1978).

1

—_Effect of substrate COndéntration on
activity of nitrifying bacteria ;

The effect on ammonium oxidation :
The effect of dlfferent‘concentratlons of (NH4)2SO4
in the medlum was studled to determine the optlmum concen-

't:atlon for growth of Nitrosomonas. The (NH,),S0, concen-

frétibp as recommended in the medium by Belser and Schmidt
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(1978) was 3.8 i (106 mg/ml NHj-N).

It wae.ocserved'that this isolate of Nitrosomonas
also showed maximum growth (as observed by conversion of
NH4 N to h02-N) in the medium contalnlng 3.8 mM (NH4)2SO4
(106 pg/ml NH -N) (Table 3). ‘Thére was not much difference
in the nltrlte production in- the.meaiun"containing 3.8 mM
oT 4 mi-(NH,),S0,.  About 15% of NH4 -Nwas converted to
NO,- N in 4 days and there was no oxldation of NH4-b&1ateron.
) ;Ihe_NOQ-bl_formatlon from the medlum contalnlng either 28
1a/g NHZhblor lAO_pg/g NHX—N’was not much different. This
confirmed the'eorlier observation thet'nitrite is inhibi-
'ttng ebove a certain level. Highericoncentration of NH:aN

present_in the form of NH3 has been reported to be inhibic

tory for Nitrosomonas at pH 8 and above (Smith, 1964).

The M?N count of Nitrosomonas rether decreased at

low concentration of NHZ‘N; but;ituincreaeed at the optimum
substrate concentration, however, there was no significant

" difference in the p0pulation between 3 to 4 mM of (NH4)2504.

Effect on Nltrite Oxldatlon :"

The NaNO2 concentration as recommended in medium

by Belser (1977) is 14,5 HM (200,ug/ml NO5-N).

't_'\*

',» 1t was-observed in thls experiment also (Table 4)

.'ctnat-growth and activity of Nitrobacter sp. was maximum °
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when the COncentratioh of NaNOé'Was;l4 5 mM (200 pg/ml

'NG' N}. . The nltrate formation increased as the concen-

tratlon of NOZ-N increased upto l5 mM of sodium nitrite,

As observed in the earllerlexperiment on growth

 pattern of Nitrobacter, more than 99% of NO5-N was conver-

.ted to NOZ-N in all the treatments except the medium

cdntaining'20 mM sodium nitrite (2?6Jpg/ml NOE—N).

The MPN of Nltrobacter 1ncreased at the Optlmum

suhstrate c°ncentration. Ihg 1ncrease_was not upto the

same extent at lower or higher substrate concentrations

but the number bf éells'incfeéséd af ali concentrations

of sodium nitrlte. The Optlmum substrate concentrations

observed during thls experlment were -used in further experi-

ments.

'Effect of fungicides {zineb and captafol)
on nitrification in liguid culture

The effect of differentrCOnéentrations of zineb and

captafol on the ox1dat10n of NH -N by Nitrosomonas and on

“the Odeatlon of NU5-N by Nltrobacter are reported in
!

iTablesS-B.' The MPN_of. both the bacterlg wepe determined -

4t O time and at the end of incubation peTiod,

L;Effecf of zineb -:

 ﬁitrosomonas : It'is'observed.from Table % that zineb
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is inhibitory to Nitrosomonas even at a concentration of

L pg/nml in the culture medium. The inhibition of nitri-
'flcation was observed from the third day upto 12th day.
Whereaqaln control, having no 21neb, about 10¥ of NH4_

was . converted to N02-N but in the medium’ coqtalnlng diff-
erent concent:atibhs of zineb there was almost no formation

of nitrite,:

MPN count after 12 days was ‘also .found to have
dgcréased even at 1 ug/ml conéentration of zineb, 1In
control the MPN count Wasl75x103 cells/ml after 12 days but
in medium.confaihiﬁg l'pg/ml zineb the MPN was 9xlo3 cells/ml;
The.MPN further decreased'(lbxloz) with‘iﬁcreasing concen~

‘trations of zineb.

Nitrobacter :  The inhibitory effect of "zineb on Nitrobacter

_was less as compared to that on Nitrosomonas (Table 6), At

1 pg/ml concentration of zineb in'thé'med;um, the nitrite
‘oxid;tion was slow upto 12 ﬁaysﬁbht afterwards, the rate
Tof.oxidation.increaééd;"Zineb at 5.pg/ml concentration and
above was very inhiblitory for nitrite oxidation. The
nitrite oxidation-was abéutNAO% as cdmpared.to control in’

the presence of 2.5Mpgvzineb/ml in the medium,

The MPN increased about 250 folds after 15 days

i

in-coﬁtrol and at 1 ug zineb/ml but it decreased significantlv'



21

at 7 5 and 10 pg concentratlons.

Zlneb was thus bacter1c1dal for both Nitrosomonas

and Nltrobacter. ."

- Effect of Captafol :

_ Nitrosomonas : It:has been observed that captafol was

not as inhibitory to Nitrosomonas as zineb (Table <1).

" significant inhibition by captafol was observed on third

day at 5 pg and higher concentrations in the medium, but

_fhe oxidation increased after 3rd day even at these concen-

| trations. The nitrite formation after 12 days in presence

of 10 ug captafol was about 80% of tﬁat_observed in control,

The MPN Qf Nitrosomonas increased three.folds in
control, but‘therg-was no increase in presence of captafol.

The bacterium did not multiply in presence of captafol

althpugh it remained active.

Nitrobacter : _ Captafol was found to inhibit. Nitrobacter

activity at a concentration of 5 mg/ml and above (Table 8).

' About_60%7of N02-N_Was,ox1d1zed to NOa=N in 15 days in

" control, but the oxidation in presence of 5 ug/ml captafol

in the medium was about 48% and in presence of 10 pg/ml

- captéfol, it was only abouti?@%:_-The rate of oxidation

EET Y. I

~ -at higher concentrations of captafol was slow for the
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first 6 days, but it increased later which was probably
due to the adaptation by the bacterium, Mény microo;ganisms
are known to adopt to the presence of toxicants in the

“environment (Hill and Wright, 1978},

The MPN of Nitrobacter increased in control and in .

. presence of 1 and 2,5 pg/ml of-captafol but it drastically
decreased in presénce of 7.5 and 10 pg of pﬁétafol. This

furigicide was thus bactericidal for Nitrobacter at higher

concentrations whereas at lower concentrations, it had no

"'adﬁerse effect.

EfféCt of fungicides on nitrificationof (NH4)2SO4 in soil:

| Pesticides on addition. to soil Qre subjected.to
abso:ption/adsorption and degradatiqn to different degree
depending upon the égroclimatic bonditiqhs, Their effect
_én 501l microorganisms méy be differeﬁt in soil to that
| qbserved under pure culture conditions (Alexander, 1978;
Anderson, 1978)., Nitrification has Seeh‘observed to be
" the most sensitive soil microbiological process to many of -
_fhé agricultufal chemicals commonly used (Atlas et gi.,1978):'
The effect of iiﬁeb and captafol on their direct additioﬂ

to the soil on nitrification of nitrogén from-(NH4)2SO4

-,and on MPN of Nitrosomonas and Nitrobacter has been studied
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and the results are given in Tables 9 to 14.- Thls scil contained
organic ¢ 0.42-0.48% total N 0.065-0.072% and had a pH of 7.6-7.8.

Effect of zineb:

o The results given in Table 9 show that zineb on addition
to-ébil had significantly adyerse effect qn-oxldatlon of NH4-N |
'Only_at 10 and 20 ug/g. Dimethfl éulfoxidé‘(DMSo) which was |
uséd as a_solven£ forftheifungiqides,"itself;decreased nitrification
upto;é Qeeks,lbut aﬁtgr‘4,weeks, thé ambuhﬁ.of nitrate formed
was similar in pIESenEe of . (NH4)2SO4 alone or along with DMSO. .
The dlmethyl sulphoxide has - eariler een repcrted to the toxic
for many eucaryoticland procaryotic algae_(vbight and Lynch,

1974} . The nitrate férmed in presence_of.10 §nd 20 ug/g of
zineb was respectiﬁely'?O'and 66% to that_df cdntrol with
(NH )250 The iﬁhibition for thé first tﬁo weegks was mOrel

4°
‘in presence of 10 and 20 ug/ml of 21neb, but later the nitrifying

bacterla get adapted to the conditions and nltrlflcatlon process.

+

chtlnued, The decline in nltrate formation in presence of

_.5 and 5.0 ug zineb could be attrlbuted only to the presence
of DMSD . |

Fra

The MFN of Nltrbsomonas (Table 10) increasead signi-

-flcantly in presence of (NH4)2SO4 for two_weeks and then
decreased..‘ There was-significant decline in population in

presence of DMSQ for tquweeks,- but it increésed later. The
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“populatipn ih preeencefof 10 and 20 pg/g of zineb also
declined in'thelfiret te0'weeks, but 1ncreased later, -
Zineb appeared to have resulted in the killing of some
;cells initially, but the remalnlng_cells_were able to
slowly-multiply. Slow recovery of batteria adversely
affected on addltlon of funglc1des, has been reported

by Audus (1970)

.w# As regards the effect of different concentrations '

of zineb on Nitrobacter (Table ll) it had no adverse effect.'

DMSO had a slgnlflcant adverse effect on Nitrobacter also,

but addltion of zlneb Wlth DMSO did not ‘worsen the negative

effect. " The Nltrobacter populatlon in control (with

(NH4)2804) increased about four folds, but it decreased

" manyfolds in presence of DMSO whlch was deflnltelY bacterl-

: 01dal

: Effect of captafol :_

Captafol decreased nltrlfLCatlon to some extent
- only at 20 pg/g concentratlon (Table 12) The decline in
nitrate formation'was observed at 10 pg/g of captafol only :
upto three weeks.[ Thernltrate formation was similar in
presence of DMS0 alone or DMSO with 2.5 and 5 pg/g captafol
Ehln soil. Therefore, the decline in nltrate formation in

,the first two weeks could be attrlbuted to the presence
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' © of DMSO. Thé ﬂitrosomonas populatibn~(Table 13) in soil
" increased on addition of (NH ) 504 but it decreased sig-
nlfLCantly in the first -two weeks on addltlon of DMSO.

There was however increase in the fourth week. The

'addltmn of 10-and 20 pa/g of captafol with DMSO decreased

'Nltrosomonas populatlon further,

'The Nitrobacter pcpulation {Table 14} was not

_ sxgnxflcantly affected. at dlfferent COQCentratlons of
captafol. ‘The populatlon in presence of DMSO alone and
iﬁ presence of different concentration of fungicide was
gimilar. The.décrease in the population was sblely due
:to DMSO since the popuiétion had increased manyfolds in
fﬁe'treatment'cdhtaining only (NH4)2504.

Durihg the study of thé ef%eét of two fungicides
on nitrification in soil, no-accumqlation of nitrite was
.oﬁserVed'at any stage in any ??eatment; The absencé of
nifrite iﬁ theltreatmgntfconfiining only ammopium sulfate_
cléarly'showed thaf-nifrite.was oxidised as soon as it
:_ﬁdéJformed Russel (1973) reported that under ideal
éﬁhditioﬁ of nltrlflcatlon, the ox1dat10n of nltrlte is
more:raﬁid as compared to oxlda?lon of ammonium and hence
: nitrite:accumulation is normally not observed, There was

. no- accumulation of nitrite even on addition of fungicides
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-showing-clearly.thaf the'decreased_nitrification was not

due to the decline in_the3numbef_of Nitrgbacter. The

decline in nitrification at higher concentrations of zineb

or Captafol was .thus malnly due to. the reductlon 1n the

b

number of Nltrosomonas.

This type of effect of theee.two-fungicides could
be_awfavourable‘etffibute in.the;r;choiee as nitrification
inhibitors_beCause_accumulatien”of,nifrite results into
‘ phytetoxiCitf and inhibitioefof_many ;qil microo#ganisms
(Hauck, 1972). IN-eerve,_the well known nitrification

inhibitor inhibits Nitrosomonas at Q.z po/ml-but it has no

adveree effeet on Nitrobacter even at 5Q‘pg/ml.

The compe:ison of the effect of fungicides on
‘nitrification ie'soil and in-pure culture clearly reveals
-that eexlcity was more in pure culture, Less toxicity in
.Soll could be attrlbuted to the absorptlon/adsorptlon of
fun91C1des by dlfferent components of the soil or to the
Idegradatlon of these funglicides by other mlcroorganlsms
in the 5011 ~ Anderson (1978) has concluded on the basis
'iof the review of the work done that the effect of pesti-
-.‘01des are far less. severe in soil than in pure culture,
'The extent of effect in soil depends on’ the thSlCO—

chemical properties of the soil and climatic factors
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(Burns and Audus, 1970; Knight and Denny, 1970},

Effect of Funoicides:on.Minerelization of Urea-N in soil:

Coatings of various subsianoee_ere applied to
soluble ferfilizers either to cootrol:toe rate of diesolu-_
tien or to Check.their'trahsformation so as to control the
releeee.of nutrients froo fhe-fert;lizers. The slow release
:ould be either beceuse the coat eubstance acts as a |
Darrler and is slowly degraded or acts as an antlmlcroblal
agent (Hauck 1972) Sulphur coated”urea developed by
Tennessee valley Authority, USA'confains a sealant'which'
arevents iapid tfahsfer_of watei‘and;o microbicide-oenta-
;hlorophenol_(Alien et al., 1968); Since the previous
experiments had ehown that zineb and“captafol decreased
nitrification atelo'pg/g concentration, their effect on
Coatlng over urea granules was examlned on formation of
n;trate from urea, Ceoaltar was ueed as an adhesive with '

fungicides. : \égna “ﬁ%

: n-e : \\ ( \
Effect of zineb : *f/‘/‘?S.S"‘? .,«e‘ :

The formatlon of nltrate from urea was less ‘in
oresence of coaltar alone and W1th zineb for the first
two weeks (Table 15) 1t was, however,’ observed that in
?reatmentsicontainihg_coelter, an_accuhulation of nitrite

took place whereas no nitrite accumulated in treatments
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withoﬁt coaltar. The amount of hitrite was about' the
same at all concentrations of zineb and coaltar. Thus,
‘nitrite accumulation coUldlonly_bé attributed to the
addition of coaltar.. Zineb had n§ adverse effect on
nitrite:formétion at 2.9 and'5.0:pg/g concentration but
':resulted in'éecréasea nifraté formation for 2, 3 and 4
-W§eks at 7.5, 10 and QOJHg/Q concentration respectively.

The MPN of Nitrosomonas (Table 16) revealed that

:this bacterium decreasedféignifiéantly at 10 and 20 bao/g
Jconcehtration cf-zineb for two weeks, but increased later.

: Coaltar did not'have adverse'effecé on Nitrosomonas,

. The accumulatlon of nltrlte during first two weeks

revealed lnhlbltlon of Nltrobacter by coaltar, but its

.pOpUlatlon 1ncre§sed after two weeks in all the treatments

(Table 17). Zineb was thus inhibitory to Nitrosomonas at
higher concentration and coaltar was inhibitory to

‘Nitrobacter.

Effect of Céptafol :
The effect of captafol on formation of nitrate
from urea-N (TableZiB) .was similar'to the effect observed

on coatlng with 21neb and coaltar. There was accumulation

..of nitrite for the first two weeks in treatments containlng
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coaltar and the pfesence of captafol'with‘coaltar had no
additional effect.; Caetafol'decreased.nitrate formation
. eignificantly upto 4 weeks‘only at‘2b Pg/g concehtration
- About 67% of the nltrate nitrogen present in control was
'found in treatment containlng 20 Mg, cn]ﬂakoi ;3 se,LQ Even 10 |
pg captafol decreased nitrate fornatlon upto three weeks

and nltrate formed was about 60% of the control with urea,.

The MPN of Nitrosomonas increased on addition of
urea but captafol upto 5 ng/g had no adverse effect but
at high concentrations the bacterial count decreased

(Table 19}, As observed earlier the Nitrobacter count

decreesed due' to-presencte of coaltar and also at higher
~concentration of captafol (TableHQO]'but no accumulation

“of nitrite was defec;ed‘beyond_th:ee weeks in any treatment,

¢ The results with both zineb and captafol thus
showed that these are effective for 3 weeks at 10 ug/g.
It:may therefore be worthwhile to feSt their efficiency
on plants. The coaltar'extraet has Earlier been used as
a’ caatlng substance and found to inhibit nitrification for
two weeks (Reddy and Prasad 1975) It was also observed
durlng the studles that more than 90% of urea-N was
converted to NH4 N and hOS-N in one week. This is in
:ﬁconflrmity with the earller observatlon (Flsher and Parks,

1958 Bundy and Bremner, 1974; Sahrawat 1980}).
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So far littié information is availablé on the
meghahism of the effect of various chemicals on nitri-
fying bacteria. The inhibition could be caused by inter-
ferihg with reSpiration and cytochrohe oxidase function,
by chelating essentiai metal ions, or by liberation of-
foxic COmbounds; N-serve éhelateé-Cu+2 needed for the
énzfﬁe responsible for oxidation of a%mgﬁium to hydroxyl-
| zmlne (Stevénsdn et al., 1982), _I__Therefgl__‘e, there is a
need for a detailed study of the mechanism. Any chemical
4o be a successful nitrification inhibitor should inhibit
-nitrification in soil at éoncentrationslbelow 10 pg/g,

shoﬁld_inhibit only Nitrosomonas and should not be toxic

. to other microorganisms and plants.



CHAPTER -~ V



SUMMARY

The effect of two funglc1des namely 21neb ‘and

captafol on nitrlfylng bacterla (Nltrosomonas Sp. and

itrobacter sp.) in 11qu1d culture and on nitriflcatlon

: process in soil was studied to assess the p0551b111ty of
their use as nitrification 1nhibltors and the following

results were obtained:

s

1. Zineb inhibited Nitrosomonas even at a concentration

of 1 pg/ml in the culture medium but inhibited Nitrobacter

only at 5 pg/ml and above. Captafol inhibited Nitrosomonas

and Mitrobécter'at higher concentfations (7.5 and lo{pg/ml).
i . ' i
2= Zineb inhibited nitrification-process significantly

in soil at 10 and 20 ng/g conqentration. The decrease in
nitrification by captafol was less as compared to zineb.

The NitTosomonas population decllned durlng the initial

phase of inhibition. Dimethyl sulfoxlde which was used

as a solvent for'gkese'fungicides'also reduced nitrification
_;at 1 ng/qg but the decline lasted only for two weeks at this
concentrafion} | - |

3- The coating of urea granules W1th zineb and captafol

using coaltar as an adhesive resulted in decreased formation

.i_offnitrate from urea. GCoaltar decreased the population of
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Nitrobacter resulting in accumulation of nitrite;

The concentrations of 10 to 20 P9/g zineb or
captafol were thus found_effecfive-in'decreasing-
nitrification and'could be tried further in plant

experiments.



'BI BLIOGRAPHY



BIBLIOGRAPHY

Alexander,M, 1965, Nitxification. lgeW.V.Bartthomew_end
| - F.E.Clark (eds.), Soil Nitrogen, p. 309-343. Agronomy
’ Monograph No. lo, Amerlcan 5001ety of Agronomy,Madison,
Wlscon sin,

Alexander M, 1973, Nonbiodegradable and other recalcitrant
' molecules. Blotechnol Bloeng. 15: 611-647,

Alexander M. 1978, Introductlon to 5011 Mlcroblology, pp.477
- Wiley. Eastern lelted New Delhi.

'_Allen,s.E;,_Mays,D.A. and Terman,G,L. 1968, Low cest slow-
release fertilizer developed. Crops Soil., 21:13-15,

®Amberger,A. 1982, Dicyandiamide (Didin) as a nitrification.
‘ inhibitor., Symposium on. materials of construction
~in fertilizer plants, Proc, Fert. Soc. No.207, pp.53.~

*Amberger A. and Vilsmeier,K, 1979, The inhibition of the
: , nltrlflcatloﬂ of slurry nitrogen by dlcyandlamlde.
Z Acker Pflanzenbau. 148;: 239-246,

Anderson J.R., 1978, Pesticide effects on non-target soil
microorganlsms. In T. R.Hlll and §,J,L.Wright [eds Y
‘ Pesticide Mlcroblology, e 313-534, Academic Press, -
London. '

Atlas R.M., Pramer D. and Bartha,R 1978, Assessment of
pest1c1de effect on nontarget soil microorganisms. .
- Soil Blol Biochem. l10: 231-239

*Audus,L,J. 1970, The action of herbicides and pest1c1des on
~the mlcroflora. Meded. Fac. Landb, Rijksuniv, Gent
35 465-492



Ly

ii

Belser L.W, 1977, Nitrate reduction to nitrite a possible
source of nitrite for growth of nitrite oxidizing
bacteria,- Appl. Env1ron Mlcrobiol 34: 403-410.

. Belser, L. W. and SchMldt "E.L. 1978, Dlverslty in the ammonla
oxidizing nitrifier pOpulatlon of a 8011 Appl.
Environ. Microblol 36- 584-588

Bock,E, l978. thhoautotIOpth_and chemoautotrbphic growth
" of nitrifying bacteria. In Schlessinger (ed.)
‘Microblology, p. 310~ 314 “Am, Soc. Microbiol,
Washlngton, D.C. '

Bremner,;J.M, 1965.—Inorganic forms“of'nitrogen. In C,A,.Black
' et al, (ed.). Methods of. soil analysis, part 2.
Agronomy.9:-1179-1237, Am. Soc. of Agron., Inc.,
Madlson,_U1sconsln. '

Bremner,J.M. and Douglas,L.A., 1971, Inhibition of urease
activity in soils. Soil Biol, Bipchem, 3: 297-307.

Bremner, J'M and Mulvaney,R.L, 1978. Urease activity in’ _
soils. In R.G.Burns (Ed.} Soil’ Enzymes, p.l49-196
Academic Press, London., - :

Bremner,J.M, and Mulvaney,C.3. 1982 Nitrogen-Total,. In A,L,
Page (ed,) Methods of Soil Analy51s Part II, p.594-
624, American Society of Agronomy, Madlson,ﬂlsCOnSLn,
UsA, - . o '

Bremner,J. M., Blackmer AM. and. Bundy,L,G. 1978. Problems in
_use of nitrapyrin to inhibit nitrlflcatlon in soils.

Soml Biol, Blochem 10s 441- 442,
\

Bundy,L G. and Bremner,J.M. 1973 Inhlbltlon of nltrlflcatlon B
in soils, Soil Sci. Soc, Am. Proc. 37: 396-398,



He
- e
[ el

Bundy,L.G. and Bremner,J.M. 1974. Effects of nitrification
inhibitors on transformation of urea nitrogen in
. soils, Soil Biol. Blochem, 6:369-376,

Burns, R.( G. ~and Audus,L, J. 1970. Dlstrlbutlon and breakdown
of paraquat in soml.-déed Res. 10:49-58, '

Cassens R, G,, Ito, T., Lee,M, and Buege D, 1978, The use of
nltrlte in meat. 310501ence 28: 633 637,

Cataldo D.A., Haroon,M,, Schrader,lL, and Younge V.L. 1975,
' Rapid coloTimetric determination of nitrate in plant
tissue by nitration of salicyeclic acid, Commun,
Soil Plant Analy51 6 71-89,

Clark,F.E, and Paul,E.A. 1970. The microflora of grassland.
Adv. Agron, 22: 375-435, |

Cfaswell'" T, 1978, Some factors influencing denitrificatibn
and: nitrogen lmmoblllzatlon 1n a clay soil, Soil
Biol., Biochem, 10: 241.245,

Dalton H, 1977 Ammonla oxidation by the methane oxidising
bacterium Methylococcus. capsulatus strain Bath, Arch,
Mlcroblol ll4 273-279

Debona,k C. - and Audus,L.J, 1970. Studles on the effects of "
berb1C1des on soil nltr1£1¢atlon. Weed Res. 10; 250-263.

-.Domsch KR, and Paul,W, 1974 Slmulatlon and experlmental |
analysis of the influence of herbicides on soil
;nitrification._A:ch. Micrqbiol. 97: 283-301.
‘Doxtadar,K.G. and Alexander,M, 1966, Nitrification by hetero-
~ trophic soil organisms. Proc. Soil Sci. soc. Am. 30:
. 351.355, o |
H;Eylar O.R. and Schmidt,E,L. 1959, A survey of heterotrophic
- microorganisms from soil for ability to from-nitrite
and nitrate, J. Gen. Microbiol, 20:473-481,



iv

‘#Farmer,E.H., Bendit,R.E, and Chappell,W.E, 1965, Simazine,
its effects on nitrification and-decomposition by
soll mlcroorganisms. Proc.;N.E.Weed Control Contf.

| 19:350-354, . IR

Figher,W.B. and Parks,W,L. 1958, Influence of soil tempera-
ture on urea ‘hydrolysis and subsequent nltriflcatlon.
Proc._Soll Sci., Soc. Am, 22:247.248, '

Focht,D. D._and Verstraete'ﬂ. 1977, Biochemical ecology of
| ‘nitrification and denltrlficatlon. Adv. Microbial.
Ecol, ls 130- 214, '

Garretson,A.L._and SanClemente C. L. 1968 Inhibition of
niirifylng chemollthqtrophlc bacteria by several -
‘insecticides. J. econ; Entomol, 61: 285.288,

Gbrlng,C A. I 1962 a, Control of nltrlflcatlon by 2-chloro-
6—(tr1chloromethyl) pyridine. Soil Sci, 93 211-218,

Gorlng,C A.I, 1962 b, Control of . nltrlflcatlon of ammonium
fertlllzers and urea by 2-chloro-6-(trichloromethyl)
" pyridine. Soil Sci, 93: 431.439. -

%Lnderson K. 1955 "Effects of E-V1tam1ns and. amlno acids on
nltrlflcatlon Phy31ol. Plant. 8: 136—141

Gunner H B. 1963, Nitrification by Arthrobacter globlformls.
T Nature 197: 1127-1128

Hauck R.D 1972, Synthetlc s low release fertlllzer and fer-
tilizer amendments._In C.A.I.Goring and J.W. Hamakar
{eds,) Organic chemicals in-the soil environment,
Part-B, p, 633-690, Marcel Dekker, New York.
Hil1,I.R. and Wright,S,J.L. (eds.) 1978, Pesticide Micro-
‘biology,- p. 844, Academlc Press, London. o
Goring,C-A.I . and ‘Hamaker,J.W.-{eds.) 1972. o0Organic chemicals
in the soil: ‘environment. vol.2 pp qfqﬁﬁarqel Dekker,
" Inc., New.York. ’ | ‘ '



Huber,D.M. and Watson,R.D. 1974, Nitrogen form and plant
disease. ann. ReV. Phytopathol 12. 139-165,

El

Hutton,W,E. and Zobell C.E,.- 1953 Productlon of nitrite .
from ammonia by methane oxldlsing bacteria., J.
Bacterlol 65 2l6—2l9.l '

Keeney,D,R, and Bremner,J.M. 1966.-Cdm§ériéon.and evalua-
© tion.of laboratory methods of obtaining an index
of soil nltrogen avallablllty. Agron. J. 58: 498—503

'Knlght B.,A.G, and penny,P.J. 1970. The interaction -of
paraquat with SOll‘ absorption by an prandlng
lattice clay mlneral WEed Res. 10: 40-48.

*Kullnska D. 1967 a, The effect of herb1c1de on oxygen uptake
by 5011. Roczn, Nauk.. roln. '93: 125- l30.

*Kulinska D. 1967 b, The effect of slmazlne on 50il micro-
organisms, Roczn, Nauk, roln.,93 1220.262,

Kuseske,D Wi, Funke,B,R, and Schulz,J,T. 1974, Effects and
per51stence of Baygon-{propoxur)-and Tenik (aldicarb}
insecticides in soil. Pl, Soil. 4l: 255-269,

Martens,D,A, and Bremner,J,M. 1984, Urea hydrolysis in soilss:
Factors influencing the effectiveness of phenyl
phosphorodiamidate as a retardent Soil Biol,Biochem,
16: 515-319, - ’

Mishra,M.M, and Flalg,w 1979, Inhibition of mlneralizatlon
of urea nltrogen 1n soll Plant Soil 51: 301—309.

- Mishra, M M., 'Neelakantan,S, and Khandelwal,K,C, 1972, Effect
of lindane and thimet on niFriflcatlon. Haryana .
. Agric, Univ. J. Res. 2: 283-285.
Mishra,M.M., Flaig,W. and Sochtig,H, 1980. The effect of -
~quinpid- and phenaolic CQmpounds on urease and dehydro-
genase activity and nitrification in soil. Plant Soil.
55: 25433, R -



vi

Mlshra,M M., Neelakantan S., Khandelwal K «Cey Bhardwa3,5 K
and Vyas S.R. 1975. Margosa (neem) seed cake as an
inhibitor of nitrlflcatlon._Soil Biol, Blochem. 7:
l83—184 ' ’

"Monlla,J A.E, and Rov1ra,A.D. 1964 The 1nfluence of plant
' roots on autotrophic: nltrlfylng bacteria, Can, J.
Mlcroblol 10: 249- 256 ;

Moore,D,R,E. and Waid,J.S. 1971 The 1nfluence of washlngs'
of- liv1ng roots’on nltrlflcatlon Seoil Blol Blochem.
3: 69—83 '

.MOI'I'J.S H. D. and Giddens,J 1963 Response cf several ¢ Tops
to- ammonium and nitrate forms of nitrogen as influ-
enced by soil fumlgatlon and llmlng Agron J. 55.
372-374, : '

fMulvaney,R L. and: Brémner'j M.;l981 ‘Control of urea frans;
formatlon in 50115. In E.A.Paul.and J.N. Ladd {eds.)
Spil BlOChGMlstrY 5'-153-196 Marcel Dekker, New York.

Munro p.E, 1966 Inhlbltlon of nitrifiers by grass root
: extracts. J. Appl.. ECOl 3: 231-239,

Naumahn,K 1970, Zur Dynamik dex Bodenmikroflora nach
Anwendung von pflanzenschutzmittein, I. Freilan-
dversuche uber dle Wirktng von Parathlonmethyl auf

', die Bakterien-und StrahlenpllZpopUlatan des
: Boden Zbl Bakt. abt. II, 124: 734-754

Naumann K, i97l Schadlgen Pflanzenschutzmzttel die
' Mlkroorganlsmen_des Boden. Wissenschaft Fortschritt
21 318-321.

: Neal J. L 1969 Inhlbltlon of nltrlfying bacteria by grass
o and forb root extracts. Can. J. Microbiol. 15: 23-28, .



vii .

Nlcholas DeJe D 1978 Intermedlary metabolism of nltrlfylng
bacteria. with partlcular reference to nitrogen,
- carbon and’ sulfur compounds. In D,Schlessing {ed.)
Microblology,p. '305-309. Amerlcan Socioty of Micro-
blology, Hashlngton D.C,

Powlson D.S. 1975, Effect of- blOCldal treatments on soil .
organisms, In N.Walker (EQ, ) Soil Microbiology, p.
193-224, Butterworths, London,

Prasad,R.; Rajale,G.B. and Lakhdive,B.A. 1971. Nitrification
retarders and slow~release ‘nitrogen fertillzers. Adv,
Agron 234 .337-383, ' '

Hao D.L,N. and Lilita Batra. 1983. Ammonia volatilization
from applied nitrogen in alkali soils. Plant Soil.”
. 70: 219-228, o |

Reddy, R.N. S. and Prasad R, l975 Studies on the mlneralizatlon
P of urea, coated ureda and nitrification inhibitor
| treated urea in somls. Jo 501l Sci. 26: 304-312,

Rice,E.L. 1964, Inh1b1t1on of nltrogen fixing and nltrlfylng
' . bacterlalby seed plants, Ecology 45; 824-837,
Rice,E.L._aﬁd Pahcheiy,s.k,'l97é. inhibitioﬁ of nitrification
| "by climax ecosystem,II. Additional evidence and
p0551ble role of tannlns. Am., - J, Bot. 60: 691-702

'Rldge E.H, and Theoderou:,C, 1972 The effect of soil fuml-
gatlon on microbial reCOIOnlzatlon and mycorrhlzal
1nfect10n. 8011 Biol, Biochem, 4: 295-305

Russell . 1973 Soil COndltlonr and plant growth loth
| - ed, Longman, London. L
&3 Sahrawat K.L. 1980. Control of urea hydroly51s and nltrifl-_'

cation in soil by chemlcals-prOSpects and problems.
. Plant Soil, 57: 335372,



L

Sahrawat,K.L. 1981, Comparisoﬁ_of Kai&hjin with other
‘nitrification inhibitors for retardation of nitrifi-
cation of urea N in soil. Plant Soil 59: 495.498,

Sahrawat,K,L. and Parmar,B,S. 1975. Alcohol extract of neem
(Azadlrachta indica L.) seed as nitrificatio
“inhibitor, J, Indian Soc. Soil Sci, 23: 131-134,

Schmidt,E.L, 1954, Nitrate formation by a soil fungus.:
Scmence 119~ L87-189 '

-

: Schmidt E. L 1960. Nitrate. formatlon by Asperglllus flavus

in pure and mixed culture natural environments. Trans,

7th Int, Congr. Soil Sci. (Madlson Wlsconsin) 2:
600=-507,

Schmidt ,E, L. 1982, Nitrification in soil, In F.J, Stévenson
(Ed.) Nitrogen in agricultural 50115, p. 253-2883,
Amerlcan sOCLety of Agronomy, Madlson,_Wisconsln USA.

Schmldt E.L. and Belser,L,W. 1982, Nltrlfying bacteria, In
A.L.Page (Ed,) Methods of soil analysis, Part-II, p.
" '1027-1041, American Socicty of Agronomy,”Madison,
Wisconsin, o L
' Shin;CHsiang,L.} Punke;B;R; and.Schﬁiz;J.T. 1972, Effects
of some organophospﬁaté”and carbamate insecticides

on nitrification and 1egume growth Plant Soll 37:
489-496 -

Smith,J,H., 1964, Relatlonvhlp between soll cation exchange
capacity and toxicity of ammonia to the nitrification

process. Soil Scl._Soc. ﬂm. Proc. 28: 640-641.

_Stephenson G.R. and Ries,S.K, 1969, Metabolism of Purazon in
sugar beets and soil, Weed Sci, 17: 327.33l.



ix

Stevensonlp J.{ed.). 1982, 'Nitrogeh'ih'Agriculture.soils,T
p. 926, Amerlcan Soc1ety of Agronomy, Madlson,
Uiscon51n

Tandon, H.L.S, 1974, Dynamlcs of fertillzer nitrogen in
Indlan soils, Fert, News, 19(6) 3-11.

Thlagallngam,K, and Kanehlro,Y 1971, Effedt of two fumi-
gating chemicals and’ 2-chloro-(6-tr1chloromethyl)
pyridine and temperature on nltrlficatlon of added
anmonla in Hawallan 50115. Trop. Agric. 48: 357-364

Trivedi, R, N, "and Pachalyappan\f1979 Slow release nitro-
 genous fertllizers. Fert, News. 24(10): 19-26.

Tu, C. M, 1973. Effects of Mocap, h»serve, Telone and Vorlex.
| 'at low temperatures on pbpulations and- activities
of microorganlsms in soil. Can J. Bl., Sci. 53 401-405.

“vyanFaassen, H,G. 1974, Effect of the’ funglclde benomyl oh

© -some metabolic processes and on_numbers of bacteria
and actinomycetes in the soil. Soil Biol. Biochem,
&: 131-133. L

Voight,R, A. and Lynch,D,L. 1974 Effects of 2,4-D and DMSO
' on prokaryotlc and- eukaryotlc cells, Bull. Environ,
Contam. Toxicol., 12: 400_405 |

‘Wainwright,M. and Pugh,G.J.F. 1973. The effects of three
fungicides on nitrification and ammonification in
-'soils, Soll Bigl, Blochem. 6: 577-584, '

Walkley,A. and Black 1.4, 1934 An exammnatlon of the
degtjareff method for determlnlng soil organic
‘matter and a ‘proposed modlflcatlon of the chromic
acid titration method. Soll Sci, 37:; 29-38,



_ HatSOn S.W, 1974, Gram negatlve chemollthotrophlc
' bacterla. In R, E,Bauchanan and MN.E,Gibbons (eds, )
Bergey's manual of determinative bacterlology,
8th ed. p. 450-456, The Hllllams and Wilkins,
Paltimore. - - o

*wlnely,c L.-and Saq?lemente,c I. 1968 Inhibition by
: certain pesticides of the nitrite oxidation of
' Nitrobacter aqills. Bact, Proc. Abs. €311,

Nlnely,C.L. and SanCJemente C.L. 1970, Effects of pestlcldes
on nltrlte oxidation by. Nltrobacter agilis. Appl.
Mlcroblol 19: 214-219

* Original not’ seen,’




