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] 5 ¥? Amidase Activity in Soils: IV. Effects of Trace Elements and Pesticides’

W. T. FRANKENBERGER, JR., AND M. A. TABATABAI

ABSTRACT

Amidsase was recently desected in soils, and this stady was camied
out to assess the effects of 21 trace elements, 12 herbicides, 2
{ungicides, and 2 ingecticides ou the activity of this enzyme. Resuits
showed that most of the trace dements and pesticides studied in-
hibited amidase sctivity in soiis. The degree of imhibition varied
among the-sofls used. Whea the irace dlements were compared by us-
ing 5 umol/g of 10il, the average inhibition of amidase in three s0ils
showed that Ag(D), Hg(ID, As(YI), snd Se(YV) were the mont effective
inbibitors, dut only Ag(D) and A(II) showed average iniibition >
50%. The least effective imbibitors (average imbibition < 3%) imclud-
ed Ca(D), Ba(D, Ca(ll), Fe(ID), NKID, ANI), Fe(I), TUIVY), V(IV),
AAV), Mo(YT), snd W(V]). Other clements thut inhibited amidase ae¢-
ﬂvity in wils were Cll(m. C“m' m, P‘(m! S‘(m) h(my
B(ON), snd Cr(III). Eazyme kimetic studies showed that Ax(IIl) wasa
competitive mhibitor of smidase, whereas Ag(D), Hy(l), sd Se(IV)
were acucompetitive inhibitors.

When the pesticides studied were compared by asing 10ug of active
mgredient per gramn of s0il, the sverage inhibitiow of amidase in three
soils muged from 2% with dinsitronmine. EPTC plus R-25733, and
captam 0 16%s with butylate. Other pesticides that inhibited amidase
activity in soils were strazime, saptainm, chioramben, dicamba,
cysmnzine, 2,4-D, siachior, paraquat, irifluralin, maneh, dinzinou,
and mainibion. The inhibition of amidsve by diazinon, alachior, and
dutylate followed soncompetitive kinetics.

Additional Index Words: N fertilizers, beavy metals, herbicides,
fungicides, imsecticides, emzyme kinetics.

ankenber;cr,w T., Ir., and M. A. Tabatabai. 1981. Amidase ac-
tiviky i soils: Eﬂ‘mofmdmtsmdpmad«.Sal
Sd. Soc. Am. J. 451!”—1124

ECENTLY, we detected amidase activity in soils
(Frankenberger and Tabatabai, 1980a). This en-
zyme catalyzes the hydrolysis of aliphatic amides, pro-
ducing NH, and the correspoading carboxylic acids
(R'CONHz + H;O had NHg + R‘COOH). The aCdVity
of this enzyme in soils deserves special attention because
its substrates, especially formamide and oxamide, are
potential N fertilizers (Brown and Reid, 1937; Rehling
and Taylor, 1937; Terman et al., 1968; Hunter, 1974;
Cantareila and Tabatabai, 1980”). Recent developments
in fertilizer technology indicate that the CO produced in
coal gasification can be used as a feedstock for the pro-
duction of formamide and oxamide (Worthy, 1980).
Recent concerns about pollution of soils by trace
elements* and pesticides have led several research

centers to evaluate the effects of such materiais on the
biochemical processes in soils. This is because (i) several
trace ¢lements are added to soils as fertilizers, as im-
purities in fertilizers, or as components of municipal
and industrial wastes (Berrow and Webber, 1972), and
(ii) pesticides are common agricultural chemicals used in
modern soil and crop management systems. Also,
elements such as Pb and V are present in fuel oils and
gasoline emitted into the atmosphere upon burning and
deposited on scils, especially near urban areas
(Lagerwerff, 1972; Tyler, 1974, 1976).

Recent studies have shown that enzymatic activity in
soils is inhibited by most heavy metals, trace eiements,
or by both including urease (Tabatabai, 1977},
phosphatases {(Juma and Tabatabai, 1977), and
suifatase {Al-Khafaji and Tabatabai, 1979). Aliso, the
inhibition of N mineralization and nitrification by trace
elements and pesticides is well documented (Liang and
Tabatabai, 1977, 1978; Hale et al., 1957). Appiication
of pesticides to scils under laboratory conditions has
been shown to significantly decrease soil microbiai
populations and reduce activities of several soil enzymes
such as phosphatase, saccharase, B-glucosidase, and
urease (Voets et al., 1974; Lethbridge and Burns, 1976;
Cervelli 2t al., 1976). Generally, the degree of inhibition
observed is reiated to the type and concenwation of
trace element or pesticide added and on the chemical
propertics and texture of the soil used. To our
knowledge no studies have been conducted on the ef-
fects of trace elements and pesticides on amidase activi-
ty in soils. Because the substrates of amidase, such as

formamide and oxamide, are potential N fertilizers, this

study was conducted to evaluate the effects of trace
elements and pesticides on amidase activity in soils. Aa
additional objective was to study the mode of inhibiticn
of this enzyme by selected trace elements and pesticides.

! journai Paper no. J-10186 of the lowa Agric. & Home Econ. Exp.
Stn., Ames. Project nos. 2082 and 2112. Presented before Div. S-3,
Soil Sd. Scc. Am., Detrost Mich. 3 Dec. 1980. Received |7 Feb. 1985,
Approved 8 July 1981.

? Graduate Research Assistant and Professor of Soil Bi

respectively. Dep. of Agron., lowa State Univ., Ames, iA 50011, Dr. %

Frankenbcrge' currently is Assistant Professor Dep. of Soil and En-
viron. Scences, Univ. of Calif., Riverside, CA 92521,

> H. Cantareila and M. A. Tabatabai. 1980. Powential of some

amides as nitrogen fertilizers. p. 166. Agron. Abstr.
¢ The term “trace element” is used here to refer to zlements that are,
when present in suffident concentrations, toxic to living systems.
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Table ] —Properties of soils esed

> Orguuic: Total CaCO
. X ]
ries Family pH N equivalent Clay Send :c::g:v’:
. —

Muoscatine Fine-ailty. mixed,

mesic Aguic Hapludolie 5.6 o [} 28 3 290
Harps Fine-loemy,

mesic Typic Caiciaquolls .6 [ | 2.96 30 b 19
Okoboji Fine. montmorillonitic, ®

mesic Cumulic Haplaquolls 7.0 0.418 0.67 34 Y 335

t xg of NH,-N released.g* soil<2 hours™ by using formamide as & substrate.

Teobie 2——Common name, trade name, and active ingredients

of the pesticides used.
~ Commor: neme  Trade name Active ingredient
Herbicides
- Atrexive AAtrex 2LChloro-4-etkylamino}-é{isopropy}-
aminope-triazine
., Naptalam Sodivm N-1-eaphthylphthalamate
" Chioramben Amibec 3-Amino-2.t-dichlorobensnic acid
Dicumbe Banvel 8,6-Dichioro-o-anisic acid
Cymnazine Bladex 24j4-chloro-6-ethylaminoi-s-trinzin-2-yl}
amino}2-methylpropionitrile
24D 24D (2,4-Dichiorophenaxy) scetic acid
toluane. 2. 4-diamine
BPTC plon
R-25788 Eradicane S-Ethvi-N N-digropylithiocarbamate phus
N, N-dially}-1,}-dichlorcacetamide
Alschlor Lassc 2-Chloro-2’ 6 -diethyl-N{methoxy-
methyl) acetanilide
Paraquat Paraguat 1,1 -Dimmethyi-4.£ -bipyridinium di- -
chloride
Butylate Sutar S-Ethyl diisobutylthiocarbamate
i Trefiap a,a,oTrifluoro-2,6-dinitro-N, N-dipropy}
p-tokndine
Pungicid
Menesan Mangenese ethylene bisdithiocarbamate
Merpan cis-N<{Trichloromethylithiot-4-cycic-
hexeme-1 2-dicarboximide
i cid
Disxinon G, 0-Disthyl 0-3-isopropyi-4-methyl-¢-
imidinyl-phoopt Rionte
Malaspray 0,0-Dimethy} phosphorodithioate of
Siethyl inate
MATERIALS AND METHODS

. The soils used were surface samples (0 to 15 cm) selected to
obtain & range in pH (5.6 10 7.6), organic matier content (2.63
0 4.70% organic C), texture (28 to 34% clev and 3 to 31 %
sand), and amidase activity (195 10 335 ug NH.-N released » g~
of soil * 2 hours with formamide as a substraie}. Before use,
each sample was air-dried and crushed to pass through a 2-mm
screen. In the analyses reported in Table I, pi was determined
by & glass electrode {soil/water ratio, 1:2.5), organic C by wet
oxidation (Mebius, 1960), particle-size distribunon by pipette
analysis (Kilmer and Alexander, 1949), and amidase activiry by
the method of Frankenberger and Tabatabai (1980z).

The trace elements used were Fisher-certified reageni-grade
chemicals (Fisher Scientific Co., Chicugo, II). Of these, Ag(T),
Qaln, Codll), Cu(D, Fe(Il), Zn(ID, and V(IV) were added as

e sulfate; Cu(D), Ba(ll), Hg(D, Mn(i}, Ni(ii), Sn{ll),

S, Cr{lI), and Fe(III) as the chloride; Pb as the nitrate;

d A«IIY), B(IID, Se(IV), As(V), Mo(VD), and W(VI} as

dicamba, cyanazine, 2,4-D, dinitroamine, EPTC
3 R-25788, alachlor, paraquat, butylate, and trifturalin),
hgicides (manch and captan), and insecticides (diazinon aod

Table 3—Effects of trace elements oz amidane aetivity ir soils.

Trace elament Percentage mm:ﬂunn of wtvidase: activity
in
Oxidation -E'.L‘W,.M*
stute Moscatine  Harpe Okoboji Aversge
1 62(18 N
10

141 10
6(2)
4
2(0;
1)

46(13;
811j
2(0}
& (i}
4
642}

m 140}
. 99 (82}

- (PN

41}

20}

1w 27(6)
10}
2(0

20!

VI 2(0
8(0;

29821 1

5.9(2.8) N

t & umo! trace element/g of soil. Figures iv parenthesgg jnd;
inhihition of amidese activity by using 0.5 umol Lraoe hdicate Pﬂo‘:e::itfge
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malsthion). The active ingredients and trads comm
names of the pesticides studied are lised jp le?elg on

To deiermine the effects of a trace elemepy of pc}ticide on
amidase activity, § g of soil in & 50-m} volumetric flask were
treated with I m! of solution contuining either 2.5 or 25 #mol
of trace element or 5 or 50 ug of active ingredient of pesticide
This solution was added dropwise 10 moisten the whole soil
sample. After 30 min of equilibration, amidase activity was
assayed as described previously ("flnkcnbcrgcr and
Tabatabai, 1980a). This method involve determination bv
steam distillatior of the NH.-N produced by amidase activits
when § g of soil is incubated with 0.2 ml of 1oluene. 9 m
of 6.1M THAM [Triskydroxymethyhaminomethane] H,NC
(CH,OH),), buffer pH 8.5 (we used 8 m! of thiy buffer because
the soi! sample was treated with } ml of trace elemen: or
pesticide solution), and } ml of 0.5M buffered formamide
BdT‘!;jcon :3;°Cffor Z'cl‘z:;;rs. ity §

T of ami activity from ¢r ement.-
pesticide-treated soils were compared with ﬂlo:? obe:ainedtwig
$ g of soil treated with | ml of water. ?qauuge inhibition of
amidase activity by each trace clomem and pesticide was
calculated from (1-B/A4)100, where A i ansidase activity of un-
ww.m:ﬂBWMdemx-or
pesticide-treated soil.
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In the study of determination of the mode of inhibition of
amidase by Ag(D), Hg(I), As(II), Se(IV), diazinon, alachlor,
and butylate, the $ g of soil was treated with 1 ml of solution
containing either 10 umol of the trace element (2 umol of trace
element per g of soil) or 100 ug of active ingredient (a.i.) of
pesticide (20 ug of a.i. pesticide per g of soil) as described, but
amidase activity was assayed by adding 1 ml of buffered 0.10,
0.13, 0.20, 0.35, or 0.80M formamide (10, 13, 20, 35, or 80
mM on soil solution basis). The resuits sbtained were plotted
in the form of the Lineweaver-Burk piot: pictting |/V vs. 1/'S
(V = velocity and S = substrate concentration). All results
reported are averages of duplicate determinarions calculated
on an oven-dry basis, moisture being determined from loss in
weight after drying at 105°C for 24 hours.

RESULTS AND DISCUSSION
Effects of Trace Elements

The effects of trace elements on amidase activity in
soils varied considerably among soils; however, Ag(),
Hz{II), As(II1), and Se(IV) were the most effective in-
hibitors (Table 3). The average inhibition observed with
three soils by using 5 amol of one of these four trace
efements per gram of soil ranged from 20% with Se(IV)
to 98% with As(1ID, but only Ag() and As(IT[} showed
an average inhibition > 50%. Also, As(III) was 2 much
stronger inhibitor than As(V). This is important because
As(V) is readily reduced to As(Ill) in soils under
anaerobic conditions. Reduction of the amount of trace
eiement added per gram of scil by tenfoid (from 5 xumol
to 0.5 umol decreased the degree of inhibition of
amidase activity (Table 3). Other trace elements that in-
hibited amidase activity in soils were; Cu(l), Ba(ll),
Cddn, Co(il),Cudi), Fe(Il), Mndll), Ni(Il), Pb(h,
Sadl), ZadD), AIQID, BAID, Crdll), FedID), TidV),
y{Av), As(V), Mo(V1}, and W(VT). The average inhibi-
tion observed for the three soils studied by using ¥ umol
of one of these elements per gram of soil ranged from
1% with Fe{IY) and Ti{IV) to 3% with Zn(II) and BAID.
The degree of inhibition of soii amidase by most of the
trace clements studied is much less than that reported
for inhibition of urease, sulfatase, and phosphatase in
soils (Tabatabai, 1977; Juma and Tabatabai, 1977;
Al-Khafaji and Tabatabai, 1979).

The pH values of the trace slement solutions varied
coasiderably. They ranged from 2.1 for Sn{lI) to 9.6 for
As(IIl) and B(I1I) solutions. Tests indicated, however,
that, with the use of 0.1 THAM buffer (pH 8.5), the
pH of the soil-buffer mixture ranged from 8.4 with the
Muscatine soil to 8.6 with the Harps soil. The deviation
in pH values resulting from the addition of trace
elements in the presence of THAM buffer did not ex-
ceed +£0.1 pH unit. Therefore, the inhibition of
amidase activity in soils observed in the presence of each
of the trace elements studied was aot due to changes in
pH of the incubation mixture but was due to the reac-
tion of the trace element with amidase functional
groups.

Metal ioas may inhibit enzyme reactions by compiex-
ing the substrate, by combining with the protein-active
groups of the enzymes, or by reacting with the en-
zyme-substrate complex. The mode of inhibition is
dependent on the type of substrate used. The informa-
tion available about inhibition of other enzymes by
metal ions, however, indicates that the inhibition usual-
ly is noncompetitive in nature. Metal ions are assumed

S

e e e e e e i i e ¢

B As (11D

Muscatine sotl
A Ag (DD 254
A Hg (1D
QO Se (IV)
20
® None

b i

-9

17T
(W/$)x 10

Tig. 1—-Limewenver-Burk plot of smidase '@ Muscstive w0l i e 5

presence and sbsence of selected irace elements (2umol trace sle-

meat/q of sofl). Sabstrate comcmuiration (S) amd velocity (V) am
expressed 'n M sad xg of NE-Nrelensed g -~ of sell - 28hones *off
37°C, respectively. wE

to imactivate enzymes by reacting with sulfhydrydl

groups, a reaction analogous

to the formation of g *

metal sulfide (Shaw and Raval, 1961). Sulfhydeyf

groups in enzymes may serve as integral parts of the
catalytic active sites or as groups involved in maintais.’

ing the correct structural relationship of the enzyme
protein. Studies of kinetics of the reaction catalyzed by

amidase in soils suggested that the prototropic groups”
involved at the acuve gites of this enzyme mdldi:

supports the ﬁndmg of Woods and Orsi (1974) that thig
groups are not directly involved in the catalytic sites' §
amidase, even though thiol groups seem necessary fé

stabilization of the active amidase conformation. Tl

a-amino groups at the end of polypeptide chain, whi
do got react with metal ions, seem to be one of §
groups involved in the catalytic center of amids
(Frankenberger and Tabatabai, 1980b).

indicated that the K*, Na*, CI", and SO 3
with the trace elements studied did not have any ef
on amidase activity in soils. Related anions, such a‘;

Experiments with 5 gmol of NaCl and K,SO/g of §

NO;" and NOj;", were not inhibitory.

The mcde of inhibition of amidase activity by Ag(l),

Ha(lD), As(III), and Se(IV) was studied by dete
the effect of the substrate concentration on the initis I""‘
veiocity of the enzyme reacticn in soils in the presenceas

and absence of the trace elements indicated. The ¥ :ﬁ
of inhibiticn of amidase by these elements was stadh
because they showed the sirongest mmbmon Our "

while Ag(l), Hg(1), and Se(IV) are noncompetitive H2%

cesults indicate that As(IIl) is a competitive i

28

hibitors of amidase activity in soils (Fig. 1). Apparently, * '

arsenite (AsO;") has a similar ionic structure to that pogs
tion of formamide that binds to the active site af_
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Tabie 4—Effects of pesticides on amidase activity in soils.

Percentage inhibition of amidase activity

ir: moil specifiedt
Peaticioe Muscatine Harps  Okoboji Average
Barbicd
Atrerine 41 5 3 4
Naptalaum 6 (2 € 5 [3
Chloramben 642} 4 2 4
Dicambe 8(8) 0 1 8
Cyunsuzine 2(0) 3 3 3
24D 62} 2 2 3
Dinitroamine 6(2) [ 0 2
EPTC plus R-25788 6(2) 3 1] 2
Alachlor 154} 7 5 8
Paraguat 7(8) 4 0 4
Butylate 2@ 12 8 10
Trifierulr e 2 8 4
F_urﬁ'dde
Manst 8(8} (] 0 3
Capian T (] ] 2
Insecticid
Diszinon 11 44) 6 8 8
Maulsthion 13 (4} 3 ¢ 7
LS.D. (P <0.05} 3029 26 2.5
P <0.0Y) 4140} 3.6 84

110 g of active ingrediont. of pesticide/'g of soil Figuves in parentheses
indicnte prrcentage inhibition of amidese activity wsing 1 g of active
ingredien: of pesticide/g of soil.

amidese, ahiering the apparent K, value but not the
Va. The other three elements decreased the Vpu
without altering the apparent K, value (Table 5).

Effects of Pesticides

Similar to the effects of trace elements, the effects of
pesticides on inhibition of amidase activity in soils
varied among the three soils used (Table 4). The average
inhibition observed for the three soils by using 10 ug of
active ingredient of pesticide per gram of soil ranged
from 2% witk dinitroamine, EPTC plus K-25788, and
captan 10 10% with butylate. Reduction of the amount
of active ingredient of the pesticide added per gram of
soil by tenfold (From SO xg to S xg per gram of soil)
decreased the degree of inhibiion of amidase activity.
Other pesticides that inhibited amidase activity in soils
were atrazine, naptalam, chloramben, dicamba,
cyanazine, 2.4-D, alachlor, paraguat, trifiuralin,
maneb, diazinon, and malathion (Tabie 4). Bu: the
degree of inhibition of amidase by these pesticides was
not large enough to inhibit the amidase activity in soils
receiving normai raies of pesticide applications.

The pH values of the pesticide solutions ranged from
3.2 with captan tc 9.9 with cyanazine. Most of the other
pesticides solution had pH values ranging from 7 10 §.
Tests showed that the pH of the reaction mixture con-
rzining THAM buffer at pH 8.5 1o the assay of amidase
activity of soils in the presence of pesticides was not
significantly altered (= 0.1 pH unit).

The mode of inhibition of amidase activity by
alachlor, butylate, and diazinon was studied by deter-
mining the effect of the substrate concentration on the
initial velocity of the enzyme reaction in soils in the
presence and absence of these pesticides. These
pesticides were i selected because alachlor
contains a branched amide, butylate contains a linear

Table 5—Effect of some trace elements aud pesticides on the
epparent K, and V., values of amidase ir soils.

Muscatine soil Okoboii soii

Trace element -

or pesticide K g mM Viaxt K, mM Viaz?
None 173 385 176 475
Agtl) 7.0 27% 17.3 340
Hglll) 17.2 322 17.7 383
Asl]) 95.7 382 116.8 474
Se(IV) 17.2 346 17.6 44E
Alnchlor 17.2 365 17.5 456
Butylate 175 316 17.1 404
Disazinon 16 337 17.5 423

1 xg NH-N released-g of soil-2 hours™ by using formamide as 2 sub-
strate.

4 Butylate
10r Muscatine soil
A& Diczinon
O Alachlor
©® None
"
fuel
-4
=
2
z
2 -
-
L i i 1 . 1 4
-6 -4 -2 [/ 2 4 3 8 10
arss) x 1071

Fig. 2—Linewesver-Burk plot of amidase iz Muscutine soil in the
presence ané sbsence of selected pesticides (2€ yg of active ingred-
lesti/g of sofl). Substrate comcemtratioz (S} sad velocty (V) are
expressed iw M ené xg of NH.~N reieased ¢ g of sof - 2 bours™’ at
37°C, respectively.

amide, and dizzinon contains no amide group (Table 2}.
These pesticides also were the most effective inhibitors
of all the pesticides studied. The results obtained are
plotied in Fig. 2, in the form of Lineweaver-Burk plot
showing that the three pesticidles act as noncompetitive
inhibitors of amidase activity in soils, decreasing the
Vowx Vvalue without altering the apparemt K. value
(Table §). We originally expected butylate to behave as 2
competitive inhibitor because of the similarity in its
chemical structure to that of formamide (both contain a
linear amide group), but apparently, the amide group
must be at the terminal 2nd of the molecular chain to
compete for the active site of amidase. Alachior and
diazinon were expected to be noncompetitive inhibitors
of amidase because neither contains a linear amide
group.

CONCLUSIONS

Studies on the effects of trace elements and pesticides
on amidase activity showed that certain trace elements
and pesticides inhibit the reaction catalyzed by this en-
zyme in soil. The degree of inhibition observed for most
trace elements and pesticides, however, was too small to
be of concern under normal soil management practices.
The degree of inhibition of amidase activity by beavy
metals is much smaller than those reported for urease,

o
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suilfatase, and phosphatase activities in soils. It is ap-
parent that the functional groups of the active sites of
amidase are different from those of other soil enzymes.
Among the 21 trace elements studied, As(II1) (arsenite)
showed competitive kinetics with respect to the
substrate (formamide) for amidase activity in soils. The
results suggest that trace elements and pesticides added
to soils under current management practices should
have little or no effect on hydrolysis of amide fertlizers
in soils,
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ison of Effects of Nitrate, Nitrite, and Nitric Oxide on Reduction of Nitroas

Oxide to Dinitrogen by Soil Microorganisms®

J. F. GASKELL, A. M. BLs

ABSTRAC]

Recent work has shown that aitrate inhibits reduction of sitcoms ¢/x-
ide (N,0) to dinitroges (N,) by 5ol microorganitmgs ander anaergb
coaditions. Studies 1o imvestigate the possibility that'tis imhibitipn is
caused by sitrite or witvic axide (NO) formed throngh midry duc-
tion of sitrate showed that both NO snd witrite Imhibit reduction of
N,0 to N, by soil microorganisms under anserobic conditionshelium
atmosphere) dut that the inhibitory effect of NG on N,0 reduction is
much smalley thas the effects of sitrate or aitrite. Comparigon of th
effects of nitrate, nitrite, and miztwres of sitrste sad aitrité on reduc-
tion of N;O to N, by soils mcubated under He showed that sitrate per
se shibits N,O reduction and did sot coafirm s recent mggestion that
the inhibitory sffect of nitrate on N,0 reduction is due t¢ aitrite form-
ed through microbial reductica of aitrate.

Additional index Words: deaitrification, inhibitiog of N,O reduc.
tion.
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parison of effects of nitrate, nitrite, and nitric oxiie on reduction of
nitrous oxide to dinitrogen by soil microorganismy. Soil Sci. Soc. Am.
J. 45:1124-1127.

HERE IS CONCERN that nitrogen (IN) fertilization of
soils to increase crop production may affect our
climate by increasing the amounts of nitrous oxide

4,

[ER, AND J. M. BREMNER?

(N;O) evolved from soils to the atmosphem thr
denitrification of fertilizer-derived aitrate (Council §
Agricultural Science and Technology, 1976; Yung et sl
1976; Crutzen and Ehhalt, 1977; Liu et al., 197% "
McElroy et al., 1977). This concern has stimulated
research to identify factors affecting reduction of N&»
to dinitrogen (N by denitrifving microorganishg’
because there is good reason to believe that NJO &5
free, obligatory intermediate in reduction of gitrate to
N, by denitrifying microorganisms (St. Jobn . sad ¥
Hollocher, 1977; Firestone et al., 1979) and that 1
xnounts of N,O evolved from soils via deni ;
of \qitrate accordingly will be influenced by factors «f-
fectl g reduction of N;O 10 N, by soil :mcroorgamnm.
Bladkmer and Bremner (1978) found that aitrate in-
hibited reduction of N,O t¢ N, by soil microorganisms
and that its inhibitory effect on N,O reduction increased -
with decrease in soil pH. These observations provided
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