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Amidase Activity in Soils: IV. Effects of Tntce Elements and Pesticides1 

w. T. FR.-\.NKENBERGER, JR., AND M.A. TA.BATABAIJ 

ABSTR.<\Cf 

Amlclale ns receadJ 4elected Ia JOill, ud dais study ns curietl 
oat to ••ss tile etfem of 21 trace efemmts, tl llerbiddes, 1 
f•apddes, alld l l8lediddes H tile adhity of lllil e~. Resldts 
~ tllat IIOit ., die trxe ......... pesdc:tlla ...... ... 
...... ......_ adtftQ ..... De .... ., .......... ...... 
amHJ tlle-10111 .-. Wlla tile trace *-eats lfe!le CHI,.,.. ~ •• 
iq 5 ~&810111 ;, IOil, tile a-.era.,eiUIItitioll of amidaw Ill tllree tOils 
JHwed tat Ac(D. flt(ll), .u(lll), ..t Se(IV) were die 1101t efredM 
l•lliiHton. Inn HIJ A&(]) allll All(lll) ._. A"eellte RalliltitloB > 
51'llt. Tile ... effecthoe ............ (llftnle illllibitlo• < J'llt) illdlld­
ed Ca(D, a.(D), Ca(ll), fe(D), NI(D), AJ(ID), Fe(lll), n(IV), V(IV), 

AI(V), Mo(Vl), alld W(VD. Odler *-au tllat idibited ......_ -e­
tl-.itJ Ia JOds - Cd(D), Ca(D), Mla(ll), Pti(D), S.(D), b(D), 
B(IID, alld Cl(ID). l'.uJ.e ldlledc adles 111-ed tllat All(lll) wu'a 
C8IQI!ddY111! lldliiiiiCor of ..W... wllenu .~1), Jlt(ID, _. Se(IV) 

were a011e0-.pcdU..e lllllilliton. 
WileD tile pesdddes ltlldled were com,.-ed ltJ suiaa 18!'1 of Ktttre 

laarediml lMI' ...- of toil, t1ae sven~~e ~of amidase ill dlree 
JOIIs 111JIIed fro• l"- willa jiaitroluaiJie. EPTC plu R·l5'711, a..t 
ape. 1D 111!111 dll MtJ1ate- Odler pesdddes dult iHBikld IIIBidue 
adtfitJ I• •• 1Rft ......_ ..,..,..., clllorulllft, 6:allbs. 
CJUUI-. l,+D, aladllor, ,........ trilhlnib, ............. 
ud .......... 1'lle btft"DII el ....... .,. 621-, llilcllor, ... 
INitylate fallowtll -. _,. dttte ldlledcs. 

Addltlonid 1lula Wenl.r: N fertllbm, Ilea..,- aaetafl, llerltldtles, 
fanakides., luecdddts, ~e ldaedcs. 

Franteuberaer. W. T .• Jr .• and M.A. Tabatabai. 191Jl. Amidue IC· 
tivily ia IOils: IV. Effects of tn1ee dancnts md pesticides Soil 
Sci. Sex.. Am. J. 45:11lD-Jl:U. 

RECENTLY, we detected amidase activity in soils 
(Frankellberaer and Tabatabai, l980a). This en­

zyme catalyzes tbe hydrolysis of aliphatic amides, pro­
ducing NH3 and the corresponding carboxylic acids 
(R-CONH1 + H 10- NH1 + R-COOH). The activity 
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; 
Cantarella and Tabatabai, 198()3). Recent developments 
in fertilizer technology indicate that the CO produced in 
coal gasification can be used as a feedstock for the pro­
duction of fonnamidc and oxamide (Worthy, 1980). 

Recent concerns about pollution of soils by trace 
elements.. and pesticides have led several research 

~---..._ ..... _________ - • ~ T T - -~- -

,.i :~~<,:"',:' ~ 
1
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centers to evaluate the effects of such materials on the 
biochemical processes in soils. This is because (i) several 
trace elements are added to soils as fertilizers, as im­
purities in fertilizers, or as components of municipal 
and indwnrial wastes (Derrow and Webber. 1972), and 
(ii) pesticides are common agricultural chemicals used ill 
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 soils, especially near urban areas 
(Lagerwerff, 1972; Tyler, !974, 1976). 

Recent studies have shown that enzymatic <U.'tivity in 
soils is inhibited by most heavy metals, trace elements, 
or by both including urease (fabatabai, 19'77), 
phosphatases (Juma and Tabatabai, 1977), and 
suJfatase (Al-Kbafaji and Tabatabai, 1979). Also, the 
inhibition of N mineralization and nitrification by trace 
elements and pesticides is well documented {Liang and 
Tabatabai, 1977, 1978; Hale et al., 1957). Application 
of pesticides to soils under laboratory conditions bas 
been shown to significantly decrease soil microbial 
populations and reduce actmties of several soil enzymes 
such as phosphatase, saccharase, 8-gluc:osidase, and 
urease (Voets et at., 1974; Lethbridge and Burns, 1976; 
Cervelli et at .• 1976). Generally, the degree of inhibition 
observed is related to the type and concentration of 
trace element or pesticide added and on the chemical 
properties and texture of the soil 11Sed. To our 
knowledge no studies have been concluded 011 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. All 
additional objective was to study the mode of inhibition 
of this enzyme by selected trace elements and pesticides. 

' Journal Paper no. J-10186 of the Iowa Aerie. &: Home Econ. ~­
Stn., Ames. Project nos. 2082 and 2112. Prexnted before Div. S-~. 
Soil Sci. Soc. Am., Detroit Mich. 3 Dec. 1980. ieceived 17 Feb. 198!.. 
Approved 8 July 1981. 

1 Graduate Research Assistant and Professor of Soil Bi~. 
mpectivdy. Dep. of Acron.. Iowa State Univ., Am.el., lA ~II. Dr~ 
Frankenberger currently is Assistant Professor, Dep. of So!l and E.It­

viron. Scienc::s, Univ. of Calif.. Riverside, CA 92521. 
• H. c.nw-eila and M. A. Tabaabai. 1980. Potential of JOmo: 

amide3 as nitrogen fertilizers. p. 166. Agron. Abstr. 
• The term "trace element" is used here to refer to dements that are. 

when present in sufficient concentrations, toxic to living systmLS. 

1111111 IIIII IIIII IIIII 1111 1111 
9313 



FllA..NKENBERGER .t TABATABA.l: A.'IIDASE AcnvrrY IN SOILS: JV. 1121 

Table 1-Properties of soils peel 

SE,-,ef 

MucatiDt-

Hfll'P5 

Okoboji 

c---

Alraaia 

•· Nllpta)aJD ' Cblaramben 
Dic:atnb. 
CyaauiDe 

1.+1> 
Olillitnlulire 

BP'lt:,... ..... 
Alacb1or 

Paraquat 

Butylate 
billmalm 

Soil 

Family pH 

f'iu&.ellty. mixed. 
JDMic Aquic Hapludolls 6.6 

Fil*-ioemy. 
~ 1)rpic Calciaquolh 7.6 

Fine. montmorillonitic. 
mesic Cumulic Haplaquolls 7.0 

Tndf,-

AAtrex 

Alanap 
Ami "bell 
Ban vel 
8ladu 

U-D 
l>iDifDmiae 

Eradicue 

La880 

Paraquat 

Sutan 
Tnlflall 

Herbicides 

2~~laminol-&-(i&opropyl-
~ 

SodimDN-l~lpbtbalamate 
8-Amillo-~acid 
8 ,6-DichJ.oro.o..anit acid 
2il~ethylatninoi-s-tria%in-2-yl] 

amiDof-2-met.bylpropiontri)e 
CU-~BCIItieacid 
N".~.f>-dini~ 
~.44"'Di ... 

s-Etbyi-N,N~teplua 
N,N-diallyJ-1,1~ 

2-Chloro-2 '~ • -diethyl-N-tmetboxy­
metbyl) eneta,.n;ct. 

1,1 · -Dimethyi-U '-bipyridinium di· 
chloride 

&-Ethyl diisobutylthiocarbemate 
a,a,a-Trifluoro..1,G-dinitro-N,N-dipropyl­

p1;aluidiue 

FungicidBa 
M.~ etbyleDe billdi.thiocarbamate 
cUo-N~yllthio4-cycl"" 

bexme-1,.2-dic:crbolrimide 

IJili6Cticidee 

lliuiuoll O.O-Jlillt¥~i--i-mat.hy~ 
~a 

Malaspray 0,0-Dimethyl pbospborodithi08te of 
clietb,.vlmercaptosuccinte 

MATERIALS AND METHODS 

.. , n,e soils used w::rt surface samples (0 to 15 em) selected to 
-·· obtain a rangt in pH (5 .6 to 7 .. 6), organic matt.e:r content (2 .. 63 

to 4.700ft., organic C), texture (28 to 34'1t clay and 3 to 31 ll1e 
sand), and amidase activity (195 to 335 p.g NR,-N released· g·• 
of soil • 2 hours with formamide as a substrate). Before use, 
each sample was air-dried and crushed to pas~ through a 2-mm 
screen. In the analyses reported in Table I, pH was determined 
by 6 glass electrode {soil/water ratio, 1:2.5), organic C by wet 
oxidation (Mebius, 1960), particle-size distribution by pipette 
analysis (Kilmer and Alexander, 1949), and amidase activity by 
1he method of Frankenberger and Tabatabai (1980a). 

The trace elements used were Fisher~rtified reagent-grade 
cbc:DD::ak (FISher Scientific Co., Chicago, Dl}. Of these. Ag(l), 

Cu(IO. Fe(II), Zn(IO. and V(IV) were added u 
Cu(I), Ba(IO. Ha(II), Mn(IO. Ni(II), Sn(Il), 

and Fe(III) u the ~ Pb as the nitrate; 
Se(IV), As(\'), Mo(VI), and W(VI) u 
H,SCO., NaJ{AJO., H.MoO.. and 

r~~tiv•.l" 

included batliddes (atrazine, naptalam, 
lllcllramben, dicamll.a. cymazine, 2,4-D, dinitroamine, EPTC 

K..l~Z. m.dJlor, pantqUet. butylate. and trifturatin), 
lliilllik*les (mmeb and c:aptan)._~ Decdcidea (diazinoo ad 

Total CaCO, ()rprlaic Ami~ IOIJUfvalent Clay r N" activityt 
"k 

us U!7 0 28 ' 220 

s~·4 G.Z74 2.96 30 ~~ 195 

4..70 0.418 0.57 3.( II 335 

Tlllblle !-EfftcU of trace elements on amid~ a«'tivtty it; aoils. 

~~ ~ inhibitiall "'•rnldut· cti 't 

OzidlltiOII 
iniiiDillll*'tftM~ -· Vl y 

E...._. state M~ ~ Okoboji A...-.. --, ... 
Ag 62 us, ~. tao 66 c. 1 COl 2 I 2 
Ba II 1401 8 I 2 
Cd 6121 6 & 6 
Co 4 (1) 8 & 6 
Cu 2 (Oi 2 4 3 
Fe 140} 1 I 1 
Hg 46(131 ltC r. 84 MD 8 IIi .. • 5 
Ni 2(0) 2 

' a 
Pb 6111 2 ' 4 
Su 4 (11 6 

' 6 
f..D 1'>(2) 18 • 8 
AI III 1 (01 ll f, 2 
As !19 (821 98 

"' ~ 
B {'(2} 6 p 8 
Cr ¢(1) 4 

' 4 
F-e 2(0) 0 b 2 
s. JV 27161 18 16 :10 
Ti 1(01 0 l 

" 2101 1 & 8 
lu v 2COf 8 2 
Mo VI 2(0) ~ 4 3 w S(Or 2 2 
L.S.D. \P < 0.051 2.9 (2.11 ~.7 u 

cP <0..011 8.912.81 8.'7 1.9 

t f, ~!.trace ~ntlg oi ~il F'igure5 in parent.._ badicate percentage 
inhibitiOn of aJDlduf. actlvtty by usmg 0.6,.mol LI'ICII elmDent.ig of BOil 

malathion). The active ingredients and trade and common 
names of the pesticid~ studied are listed ln Table 2 

To dei.C:nni.ne the effe..."l:S of a trace elefllcnt or pe~cide on 
amidase activity, 5 g of soil in e 50-ml votutnetric flask were 
treated with 1 ml of solution con~ either 2.5 or 25 ,anol 
of trace element or 5 or 50 !L& of act1ve marcdient of pesticide 
This solution was added dropwise to rnolat.en the whole soil 
sample. After 30 min of equilibration, amidase activity was 
assayed as described previously (F-rankenberger and 
Tabatabai, 1980a). This method invoh,• aetermination bv 
steam distillatio~ ?f ~he NH.-N ~roducod by amidase activici· 
when 5 g of sou 1s mcubated WJth O.l rnl of toluene 9 m' 
of O.lM TRAM fT~«i1'1rdroxym.e"Jtyt~ane]rH,NC 
(CH20H),), buffer p .. 8 .... (we used S rnl of thil buffer becaUSt 
the soil sample was treated with I ml of trace elemen• 0~ 
pesticide solution), and l ml of O.SM buffered fo~d~ 
solution a\ 37°C for 2 hours. 

Tbc results of amidase activity fr011 trace element- or 
pesticide-treated soils were compared widJ «booe obtained with 
5 &,of 10il ~ed with I ml of water. Pcruma,e inhibition of 
am1daae activtty by each trace deaaalt and pesticide was 
ca1cu1atec! from (1-B/ A)lOO, wbm A iJ Mi6dMe activity of un­
treated 1011, and B is amidase activilJ Ill trace element- or 
peltiddHreated 10il. 
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In the study of determination of the mode of inbibitioll of 
amidase by A&<n. H&(ll). As(lm. Sc(IV). diazinon, alacblor, 
and butylate, the S 1 of soil was treated with l ml of solution 
containing either 10 JllllOl of the trace element (2 JllllOl of trace 
element per g of soil) or 100 J&l of active ingredient (a.i.) of 
pesticide (20 J&l of a.i. pesticide per 1 of soil) as described, but 
amidase activity was assayed by adding 1 ml of buffered 0.10, 
0.13, 0.20, 0.3S, or 0.80M formamide (10, 13, 20, 3S, or 80 
m..\1 on soil solution basis). The results obtained were plotted 
in the form of the Lineweaver-Burlc plot: plotting 1/V vs. l;S 
(V = veiocity and S = substrate <:oncentration). All results 
reported are averages of duplicate Jeterminarions calculated 
on an oven-dry basis, moisture being determined from loss in 
weight after drylng at lOS°C for 24 hours. 

RFSUI.TS A~l) DISCCSSION 

Effects of Trace Elements 

The effects of trace elements on amidase activity in 
soils varied considerably among soils; however, Ag(I), 
Hg(II), As(III), and Se(IV) were the most effective in­
hibitors (fable 3). The average inhibition observed with 
three soils by usina 5 p.mol of one of these four trace 
elements per gram of soil ranged from 204ro with Se(IV) 
to 98~o with As(IIn, but only Ag(l) and As(III) showed 
an average inhibition > sown. Also, As(Im was a much 
stronger inhibitor than As(V). This is important because 
As(V) is readily reduced to As(III) in soils under 
anaerobic conditions. Reduction of the amount of trace 
eiement added per gram of soil by tenfold (from S p.mol 
to 0.5 p.mol decreased the degree of inhibition of 
amidase activity (fable 3). Other trace elements that ill­
hibited amidase activity in soils were; Cu(l), Ba(ll), 
Cd(II), Co(li),Cu(ll), Fe(ll), Mn(ll), Ni(ll), Pb(ll), 
Sn(ll), Zn(II), Al(III), B(Jll), Cr(llij. Fe(III), Ti(IV), 
V(IV), As(V), Mo(VI). and W(VI). Tbe average inhibi­
tion observed for the three soils studied by using Y p.mol 
of one of these elements per gram of soil ranged from 
t'fe with Fe(ll) and Ti(IV} to sore with Zn(ll) and B(lm. 
The degree of inhibition of soil amidase by most of the 
trace elements studied is much less than that reported 
for inhibition of urease, sulfatase, and phosphatase in 
soils (fabatabai, 1977; Juma and Tabatabai, 1977; 
Al-Khafaji and Tabatabai, 1979). 

The pH values of the trace element solutions varied 
considerably. Tbey ranged from 2.1 for Sn(II) to 9.6 for 
As(lll) and B(III) solutions. Tests indica~ however, 
that, with the use of O.IM TRAM buffer (pH 8.5), the 
pH of the soil-buffer nWtture ranged from 3..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 obsenred in the presence of each 
of the trace elements itudied was not due to changes in 
pH of the incubation mixture but was due to the reac­
tion of the trace e!ement with amidase functional 
groups. 

Metal ions may inhibit enzyme reactions by complex­
ing the substrate, by :ombining with the protein-active 
groups of the enzymes, or oy 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 

• As <I Ill 
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jll'aeiiCe 1Jid tbleace of telecfld trace elmla1l (lj&alol traee -. 
.-;1 of .... ~ CHlBtndM (S) ... TllodtJ (II')­
--.r JJ!t•M...aflll.rNIL-N..-....1 ... • ttl .. •J-..--.111: ··-. 
37°C, l'l!lfe dtely. ·, ' 

to inactivate enzymes by reacting with sulfhydrJI 
groups, a reaction analogous to the f9f1Wltion of &: 
metal sulfide (Shaw and Raval, 1961). Sultbydr)(~ 
groups in enzymes may serve as integral parts of die,~;.< 
catalytic active sites or as groups involved in main~-t~: 
ing the correct structural relationship of the enzyme·- ' 
pr9tein. Studies of kinetics of the reaction catalyzed by __ 
amidase in soils suggested that the prototropic · 
involved at the active sites of this enzyme mcl-.d~:J.J' 
sulfhydryl of cysteine and/ or a-amino 
(Frankenberger and Tabatabai, 1980b). The 
strong inhibition of amidase by meta! iOns t'r.~ • ..:­
supports the finding of Woods and Oni (1'174) 
groups are not directly involved in the catalytic 
amidase, even though thiol groups seem nec:essary 
stabiliza1ion of the active amidase conformation. 
a-amino groups at the eud of polypeptide chain. 
do not react with metal ions. seem to be ooe 
groups involved in the catalytic center of 
(Frankenberger and Tabatabai, 1980b). 

Experiments with S ,anal of NaO and K~O.ta 
indicated that the JC.•, Na•, a-, and SOi- asscXil 
with the trace elements studied did not have any 
on amidase activity in soils. Related anions, sucll 
N01- and No]-. were not inhibitory. 

The mode of inhibition of amidase activity by Ag(l). 
Hg(II), As(IIl). and Se(IV) was studied by determiniiiJ.~i 
the effect of the substrate concentration on the initial1~~ 
velocity of the enzyme reaction in soils in the nrll'~lll!! 
and absence of the trace elements indicated. Tbc 
of inhibition of amidase by these elements was 
because they showed the strongest inhibition. 
:e:mlts indicate that As(lll) i'i a competitive ~ ........ 
while Ag(l), Hg(II), and Se(IV) are noncompetitiw~ 
hibitors of amidase activity in soils (Fig. 1). Apparently. '· 
arsenite (Aso,-) has a similar ionic structure to that pew;- . 
tion of formamide that binds to the acti·1e site · 
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Tahlt 4-Effe<'U of pesticidet. on amidase activity iD soiih. 

~ ·--Atn.l:iDf 
Naptallun 
Cbklnmben 
DDmba 
Cyanuint· 
2.+-D 
Dinitroam.inf. 
EPJ'C phD. R-25788 
AlaciiU 
"-zuat 
Bat;y~at.e 
TrillllnJil> 

F~ ...... 
c.p.-

,_tirft 

Diazin<m 
M•la•ilion 

L.S.D."' <0 .. 061 
(P <0.01) 

Percent&#" inhibition of amidastc activity 
lli 110il specified t 

M Ullaltl~M! Harps Oltoboji Average 

4(U 6 3 • 
6 !2! 6 5 6 
6(2l 4 2 • 8(3l 0 1 8 
2(01 3 3 3 
fi(21 3 2 3 
6(2l 0 0 2 
6(2l l 0 2 

18141 7 6 8 
7(8l • 0 4 
9131 12 8 10 
8(11 2 8 • 
8181 0 0 3 
?Oil • 0 2 

11 (41 6 8 8 
18141 6 4 7 

8..0(2.9) 2.6 2.6 
4..144-0) 3.6 3.4 

amidue, altering the apparent K. value but not the 
Y _ .. The other three elements decreased the V III8X 

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 sails used (fable 4). The average 
inhibition obse;ved for the three soils by using 10 p.g of 
a....-tive ingredient of pesticide per gram of soil ra.uged 
from 21fo witi: dinitroamine, EPTC plus R-25788, and 
captan to IOO'ft with butylate. Reduction of the amount 
of ~dive ingredient of the pesticide added per gram of 
soil by tenfold (from SO I'& to S ,., per gram of soil) 
decreased the degree of inln'bition of amidase activity. 
Other pesticides that inhibited amidase activity in soils 
•ere atrazine, naptalam, chloramben, dicamba, 
cyanazine, 2,4-D, alachlor, paraquat, trifluralin, 
maneb, diazinon, and malathion (fable 4). But the 
degree of inhibition of amidase by these pesticides was 
not large enough to inhibit the amidase activity in soils 
receiving normai rates of pesticide appbcations. 

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 to 9. 
Tests showed that the pH of the reaction mixture con­
taining TRAM buffer at pH 8.5 in the assay of amidase 
activitr of soils in the presence of pesticides was not 
signifi~tly altered ( ± 0.1 pH unit). 

The mode of inlu"bitioo 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 specifically sdected because alachlor 
c::ontaiDs a branched amide. ~ contains a liDear 

Table &-Effect of some tnl~ elementl' aDd pesticid~ on the 
apparent K,.. aDCi V .a value& o! amid.ase i1t so&. 

Tra""' element 
or pet¢icidP 

Nouo: 

Mu!ICBtine soii 

KarreN 

17.3 

Olmbo.iiROii 

K,.mN 

17.6 <76 

Agill 17.0 27£> 17.3 34S 
Hg(llJ :7 .2 322 1 7. 7 393 
AaUIII 9f>.7 882 116.8 .(74 
Se(IV) !7.2 346 17.6 448 
A.hichlor 17 .2 365 17 .5 456 
Butylate 17.5 316 17.1 404 
Diazinon ! 7.6 337 17.5 423 

t ,g NH.·N releaaed•g-' of 11011·2 bcJun·• by 11lliDg fonnamide u a sub­
lllnte. 

A Butylate 

A D1az1non 

o Aloehlor 

• None 
] 

l'luscatl ne so 11 

I 

"' I ;; 6 

-2 [J 2 4 t 8 10 
(1/S) X 10-l 

Fla . .l-IJIInalYC!r-Bart plot of aaidalr Ia M~~~attiat 10D ill tile 
~Mil....._.. of lelected peltic:i6s <» 111 or .em~­
latt/a of 11011). S.lilltnlk COIICHtntioll (S) .U velocltJ ( J') 11ft 

apnaur Ia Mad 14 .r 1\lJL-N nieue4l • a·• of 10i • l~~~otm·• at 
37QC. reJIIIItCd•e:l). 

amide, and diazinon contains no amide group (Table 2). 
These pesticides also were the most effective inhibitors 
of all the pesticides studied. The results obtained are 
plotted in Fig. 2, in the form of Lineweaver-Burk plot 
showing that the three pesticides act as noncompetitive 
inhibitors of amidase activity in soils, decreasing the 
Y max value without altering the apparent K. value 
[fable 5). We originally expected butylate to behave as a 
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 end of the molecular chain to 
compete for the active site of amidase. Alachlor and 
diazinon were expected to be noncompetitive inhibitors 
of amidase because neither contain~ 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 conoern under normal soiliiUUUlgemcnt practices. 
1be dep-ee of illhibition of amidase activity by heavy 
metals iJ IIIIICb smaDer than those reported for urease, 
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sulfatase, 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(III) (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 5oils under current management practices should 
have little or no effect on hydrolysis of amide fertilizers 
in soils. 
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· on of Effects of Nitrate, Nitrite, and Nitric Oxide on Reduction of Nitrous 
Oxide "to Dinitrogen by 

................ tllat ...... laldllitS~IICtil­
lde (N10) lO lllillitr9pll (N.) ~ 101 IIM::nMqaaiil:l_. 
COIIdldou. Stllllia to iavesdpte die ,o&bility 
ca.-1 IJy IIUri&e er-.. aide (NO) to..- dlrollp 
dota of 11ibU1 ._. tMt bodt NO .... 111btt. fllllllllt 
N,OtoN,I'.r .. ~....W~colllldDu 
ahMipllere) lNt lllat die lalalhitory effect of NO 011 N,O re 
-.dl 1111111118 a. tile elfeda ol aiCr.lft or .nnte. eo.pad a of t 
elfecf:l of llllllllile. *he, .., lllbDns of llltntl! _. aHrl 
dota of N.O to No l'.r 1011 ._. .... uder He*'"'" 
a illlllltits N.O red1tcdOII ucl did ..a coeflrm a recat 
tile IUibitot-7 efted of llitnte oa N,O redlldioa II d• t 
eel tlnoap IBicrobi.J red-.cdota of llitnte. 

AdditiiJNIIlntkx Wonb: dmitrillcatioa, Inhibit! 
doll. 

Gaskell, J. F., A. M. Blackmer, and J. M. Bre . 1981. Com­
pariaoo of effects of nitrate, nitrite, and nitric o · oa reduction of 
D.itrous oxide to diDitrogesl by soil - . Soil Sci. Soc. Am. 
J. 45:1124--1127. 

T HERE IS CONCERN that nitrogen (N) fertilization of 
soils to increase crop production may affect our 

climate by increasing the amounts of nitrous oxide 

.. --~ ---- ~-- ------ - --- -

(N~) evolved fram $Oils to the atmosphere 
denitri.ficatioa. of fertilizer--derived nitrate {Council 
Agricultural Science and Technology. 1976; YlDl& et 
1976; Crutzen and Ebhalt, 1977; Liu et al •• 
McElroy et al., 1977). This concern has -tri,nullm!d 
research to identify fadOrs affecting reducrioa of 
to dinitrogen (NJ by dcnitrifying 
because there is good reason to believe that 
free, obligatory intermediate in reduction of nitrate to 
N1 by denitrifying microorganisms (St. til)'; 
HoUocher, 19'77; Ftrestone et al., 1979) and IU.t, . . :; 

ounts of NJ) evolved from soils via deni ~ · ~.~ 
o 'trate accordingly will be influenced by fact«s ~_., ·• 
fecti reduction of N~ to N1 by soil :nic:roorgani:qns 

Bla mer and Bremner (1978) found that nitrate iJl.. 
hibited uction of N~ to N1 by soil microorganisms 
and that i inhibitory effect on N10 reduction~· 
with deere in soil pH. These observatirJas prov1dcd 
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