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ABSTRA,CT

The .fu1 of _three granurated insericides / nematicides;
carbofurarq oxamvl and terbufos on the actil.ities of three common soil
elvymes (dehyrogenase, urease and catalase) and on soil rrespiration inclay loam soil w'as studied after prolonged iime of applir:ations under
laboratory conditicrns. The relationships b.r*...n the assaveo enz).mes
and microlbial respiration in treared and untreated soills were alsoinvesti-eatecl, 'fhe results indicated that carbofuran increased
dehy'drogenase actil'ity at I5 and 50 days, whiie ir dec'eased urease and
catalase acti'ities ar- 50 days from application compared with the controloramyl treated soil. increased dehydrogenase and urease actilities at 25
days and decreased the activitiet ut io und 5 du1,r, respecti'er1,. In case ofcatalase eruryme, oxamyr enhanced the activ.iiy at 7'davs, but decrease,rits activity ilt rhe first day and at 35 days &om application'Also, terbufbs
treatment appeared to cause an increase in dehidrogenase ilctivity at 3,25, 

1nd^ 
5o days; urease at 25 days; and catarasert 7durr.'trTrereas thetrend of_ increasing activity was reversed for urease atl na50 days andfor catalase at 35days from application compared ivith control treatment.

Respiratiorg as indicated by Cbu-evolution iorm soil, showed significant
differences 'was noticed with carbofuran or terbufos treatment over
control treatrrnent at 35 days. oxamyi, on the other trand" has stimulatory
etrec1 in this respect at three rever of times; 25, ls, *J so days. simpre
correlation analysis for the untreated soils, indicated that dehydrogenase
activitv was significantly_ (p<0.05) related to microbial respiuation or tourease enzyrile. As for the treated soils, only dehydrogenase activity
showed a highly significant (p<0.01) negative co.reratiin with urease
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activity in soil ireated wrth ca*ofuraq oxamvl or ierbi:fos. Besides-

cranivi tr'aated y:il, e:lhibited significant positire soneia.ion betw'een

dehydrogernase and catalerse €nz],rno actirT ties.

INTR,OSUCTIOI\

Enzyme assays,in ccnjunction with other aclivity indices in soil

such as microbial respiratioq can provide a clearer picture of the

microbial glowth and their activities of signific&n,c€ ifl soil fertility
(Frankenberger and Dick,1983 and Tu.1988). Some oft,hebiochemical
transformations in soil are catalyzed by enzymes {bund outside the living

organisms (Skujins, 1967) The extracellular enzymes ( present in soil as

lree enzyrrres andior enzymes bound to organic and inorganic colloids)

play an important role in nutrient cycling and hence soil fertilitv
(Burns,19?8) and even in pesticide decay (Burns and Edrryards,l980 and

Sikora et a|.,1990).
The increasing use and heavy application ,rf soil insecticides

/nematicides in agriculture resulted in hazards to the environment and

side efrects on non-target soil microorganisms and their activities which

afe of significance in soil fertility and plant nutritiori (\\'ainwright,l978

and Cheng,l990)
Tlrc interaction of insecticides/nematicides 'nith the non-target

soil micr:oorganisms and their activities has beerr studied by many

invest.igators (Tu,1972,1980,1988 & 1994, Radwan et al ,1990 and

Radwan and El-Doksch 1991). Moreover,relatively littlle attention has

been given to the interaction of these chemicals with soil enzlrmes

(Zamoiski er a\.,1986; Ebieda,i987; Aly and Nassefl,lg8l3_ and Basavaraj

and Sidaramappa,lggi). Since detrimental effects on soil fertility could

ogtweigh the'benefit of nematicide as nematode contr'ol measure, it is

interesting to stud,v their side effects on soil enzymatic arctivities and on

soil respfation. Consequently, each negative or pr:siti','e effect on the

activity qf these enzymatic sYstems or microbial respiration may be

reflected on the overall microbial and biochemical soil activity.

The purpose of this study was to determine the effects of three soil

applied insicticides/nematicides namely; carbo{uran, oxamyl and

teiUufos on the activity of dehydrogenase, urease and crntalase enzy-mes

and on soil respiration after prolonged time of"applications under

laboratory conditions. The relationships between the activity of the tested
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MATERI{LS AITD METEODS

Scil treatnrent:
The soii used in this study was pre'iouslv cultivated ri.rth Alfa

alfa and collected from Aleranana egr;cultrral cottege research stationat Abis rergion. There is no history Jf pesticider rppii.urion in rhe area
and the xril properries are: pF!7 gO.organic *atrer,i.5%; trrtal nrrroger\
o.l4o/o; sand, 28.60/o, sirt,36 4%; cray 7sy".nao:.smeqit totar sorubre
salts. Its terture class was clay loam soil. The soil was air-drid and
sieved usinrg 2mm sieve, one hundred grams from soir was orired with a
nematicidal treatment. The treated soil in addition to the controlwa,s
replicated three times and mainrained at 6u/o of riater.hoicling capacity
0I'1{c) thr.ugh the incubation period at temperature of 30tlc.

Insecticides/nematicides used :
Cartrofuran (Furadan r09loG) "2,3-dihvdro-2.2-dimethltr-7-

benzofuranl'[ methyl carbamate", oxamvl (Vydare" l0%) ]v1ethylN.N-
dimethvl-N-[(meth1'l carbamoyr)oxr,]-r-thiooxamindarr:, and terbufos
(counter l0pzi,) s-(ren bury'lthio) r.it,t t o,o-diethr l phosphorodithioare
Each of these nematicides used at the rate of r5 k_q.,feddan ie,quat to 0 r 5
mg/100 gm rsoil), which is the field recommended rate.

lf{icro biological determination :
The activities of the v'arious soil enzymes \r,ere based on the

release and quantitative determination of the product in the reaction
mixture whtn soil samples were incubated wiih substrate and buffer
solution. Tlire following enavme assays were perlormed as described
elsew'here: Dehydrogenase (casi da et al., 1964 and pancholl, and Rice ,1973); urease (s'att and chrisp, 1954) and catalase (Jr:hnson and
Temple,1964l). Soil respiration as indicated by Co:_evolution rr,as
estimated aooording to singh et ar. (1969) as quantity of co2 evolved per
100 gram s<ril. All treatments were assayed for enzy.me activity and soil
respiralion after time intervals of 1,3,5,7,15,25,35;50,?5,and 100 days
from application. Data were expressed on urt-i.y basis; and were
analyzed by r;tandard statistical procedures (Steel and rorrie. l9g0).

J,Pr.s'Csnt, Environ, {tci 7 {il ff999),

enzymes a.nd micrabial respiration were also determine<l
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RESULTS AND DISCUSSIOI'i

ltiswellknownrhattheactivitYofsoilmicro<lrganismsmay'
srrictly depr:nd upoil the efrrciency' of extracelluliir etizYmes and

*i*rof;*f ,espiratio:n. So, any undesirable effect on either these

enz-vmatic iirystems or microbiai respiration may be reflected on the

overall microbial and biochemical soil activity {Friinke;nberger and

Dick.l983 a:rd Gianfreda et al',1993)'

Table (1): Dehydrogenast enzyme activiry- amoxg both control and

treated soili with three nematicides after different time

inten'els.

Time intervals
(days)

1
I

aJ

5

15

25

35

50

75

100

33 78

17 45

19.08

23 65

49.94

42 78

83.64

235 21

998
70 13

Nematicide treatnenls

C.tfi. *t*itY of dehYdrogenase*

33.78

21 42

5.1.04

36 59

78.1 7

13173

113 23

t94.1.7

84 28

87.50
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20 27

66.99

34 91

33.78

52.84

127 22

99 72

5921,4

65 62

86 21

+ Dehdrogenase actiiity' " ."pt-t*d as Ug formazan/gm soil

Lff;;;:-fu; 
*iror 

.u"ry two treatmenti at the same ler'<il of time )

O:iamll I I'erbufosCarbfuran

26.06

50 67

36.59

37.16

r 18.70

48 98

t12.59

386.14

75.63

93 93
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EfIL'et of the thnee tested nematicides on the aetiyify of soil
debydrogenase, urgese and catdase:

Enzyme activities in soil indicate the potential of soil to affect
biochemirnl transformations necessary for *uirrt"non.e of soil t niritv(skujins,l967 and. Burns,rg?g) itt effects of the nematicide;
carbofurarrr, oxamyl or terbufos on the activity of dehydrogenase, urease
and- catalase enzvmes after prolon_eed time ofapplication ir. reported in
Tables 1,2|o and 3 , respectivelv.
The results shown i.n"l'able qil demonstrate the effec.t of the three testecnematicidrrs on soil dehydrogenase activity Terda;r" increased theactivity of dehvdrogenase enzvme at 3 days h"*6;i;rion ,ornpur.dwith control treitmeit At r 5 daysaftL appiicatiog iil fb;;n conrenrobtained with carbofurar.r oniy *ur iigninr..try 

-r,igi," 
than thoseobtained vrith the untreated treatment. 

--

Table (2):r urease en4vme activiq, among both contror and treated
sorils with three nematicides after different time intervars.

t
t

3

I-Tffi;
l'o!----l,

Nematicide treatmenrs

Control Carbfuran i Oxamvl Terbufos
Specific activity of urease+

68 16

68 l0
73 59

61 82

67.76

7t.69

63 00

47 19

65.35

70.51

-r ^u_rease 
activity is e*pressed@

LSf)o.os : 8.34 ( for every two treatments at the same le:ver of time )

5

l5
25

35

50

75

100

68 89

68.60

73 87

74.t5

68.27

55.05

&.t2
61.27

65.69

70.28

68 88

67.U
v3 93

74.32

68.55

55.50

65 69

49.63

65.75

70.28

68.88

68.83

61 54

73.36

67.87

72.13

63.45

52.98

65.36

73.79
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Aiso. the date shov.e,j rhai the sigriiircant increase in'[his respe0t

was recorded *,ith b,;th o:.erir\'1 and tcrbufos after 25 days af incubation'

Bi:th carboluran and terbufos featments significantiy enhanced

J*ioarngunu,,* actir"ity after 50 fuyr The stirnr.rlatory efib'1 was

Or";"r"iJ in terbufos treated soii Onthe contrary, after this period ,the

inhibitory effiect was noted in oxamyl treated soil' At the end of the

""p.rl*.", ltOO dafsy, ali nema.ticide ireatnrents appeared to cause an in

dehydrogena*e "offi but .without significant differences between

treatments.
TheresultspresentedinTable(2)clearlyindicatedthat

significant ircreases 
'"nO a""t*ses of urease activity was ob'served with

"i.*Vr ".ated 
soil after 25 and 5 days of application,respectively' Also,

terbufos enhanced ur"*. activity aftlr 25 days and reduced irrs activity at

the time of 7 and 50 days. on the other hand, carbofuran lsignificantly

inhibited ufease ".ti;y;;ly 
after 50 days of application compared with

the conuol.
DatainTable(3)showedthattherw*onematicides,oxamyland

terbufos in,reusJ the 
'activity of catalase enzyme at 7 days and

decreased the acti'itl'; 
-tt 

days from applications urmpared with the

control treatrnent. Also, oxam,vl treated soii decteased catalase activity at

1$ day after uppfi*tio". fhe effect of carbofuran on the catalase activity

is similar to the untreated soil, along all the experiment €xcept at 50 days

when it significantlY decreased'

It could be concluded that the following points ' -

l.Carbofuiansignificantlyincreaseddehydrogenaseactivityat15and
50daysafterapplication,whileitdecreasedurtaseandcatalase
actil'ityat50daysaftertreatmentcomparedu'iththeuntrr-eatedsoil'

2-oxamylsignificantlyincreaseddehl,drogenaseanclureaseactivities
at 25 days and iecreased the activities at 50 and 5 days from

applications, respectively, compared with the control ln case of

catalase, "*y*., 
o"u'nyl increased the activily at 7 days' but

decreased its activity at the first day and at 35 days after application'

3-Terbufossignificantiyincreaseddehydrogenaseact:ivityattime
intervars of 3,z;,and 50 days, uraese activity at 25 dayr;, and catalase

activityatTdays,Whereasrhetrendofincreasingactivitywas
reversedforureaseatTand50daysandfbrcatalaseal35daysfrom
appl ications compared with control treatment'
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Fable {3}: Calalase eiu_?$tr aetiviry-- e{$c$g lrotil eorlrtroi **d treated
soils with thrm nefinaticidf,{i after dif?ercn* tirnre inftsl'a.ls"

i Time intervals
I
{

I (days)
t-

Specific actil'itr: of catalase*

1

J

5

7

t5

25

35

50

t)
r00

* Catalase acfi!.it)
LSDo.o5 = 3.35 (

91 75

96.75

108.83

r$7.25

r09.76

I 1 1.33

n2 92

122.10

93.08

96 00

107.08

105.33

112 17

1 1 1.50

108.92

107.75

110.08

93 75

109.I7

1l I .17

i 13.0{)

112.til

r03.31

I l0 Otl

r1058

95.17

r08.58

1t292

11600

rI175

99.00

8775 I 8908

t2t 33 r20 83

109.50

109.58

r20 83

is expressed as Umoie H:O: decomposed /gm sr:ili 15 min
for every two treatments at the same level of time ).

carb,ofuran was not inhibitory to the activity of soir urease
(Sahrawat,l98l ) Also, changes in catalase and urease activities in soil
treated with carbofirran, oxarnyl and phenamiphos were :insignificant
(Zamorski eN a1.,1986). on the other hand, Ebieda (19g7) re,ported that
aldicarb, carbofuran and terbufos stimulated both dehydrogenase and
urease activities in uncultivated soils. Aly and Nassef (l9ggi) found that
aldicarb and carbofuran decreased urease activity at 1,3 imd 56 days,
while they increased dehydrogenase activity ar 5 days. carbofuran
significantly inhibited dehydrogenase activitv, q'hile it had both
stimulatory and inhibitory effect on soil urease when apptied to the soil at
l0 and 100 ppm levels, respectively @asavaraj and Siddairamappa,lggl).

-r29-
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Effect of the three tested nematicides on soil respiration:

Soil respiration, as indicated by uptake and/or tlre release of
carbon dioxide (Co:-evolution) by living, metabolizing renthies in the

soil, is a good index of microbial activity (Tu,1980 and Tu and

Miles,l976). The rate of COz-evolution from treated and untreated soils

w-as determined and presented in Table (4).

The results illustrated. in Table (4) revealed that the microbial

respiration rate was significantly increased in soil treated with carbofuran

oxamyl or terbufos after 35 days from application, where the values of
COz were 40.1, 37.1 and 35.2 mg Co2/l00gm soil. r{lso, oxamyl

markedly incrased CO2-production at 25 and 50 days from applications

compared rvith the control.

Table (4) : Microbial respiration among both control andl treated

solls with three nernaticides after different time interlals.

I Ti*r*rft'als
I taulrrl
I

Nematicide treatments

Control Carbfuran I Oxamyl Terbufos
Soil respiration*

432a 
I

n Soil respiration is expressed as mg CO/100 gfn soil.

LSDo.ot :9.08 (for every two treatments at the same level .xf tinre)

3

5

7

l5

25

35

50

75

100

6.60

10"7t)

t7.20

27.54

34.40

25.40

2.24

22.50

12.]0

8.90

46 t0

t2.30

1 5.10

18.20

33.30

40. l0

3.74

16.60

r8.20
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10.90

48.3{)

13.30

13.50

20.50

49.9)

37.10

13.30

26.30

I1.60

12 00

42 00

13 l0

15 50

15. l0

4l.m

35.?0

5i0

24.44

20.50
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O>iygen consumpt;on of soii microbes w&s not affected br
carbofuran or terbufos treaied sandi laarn soil{Tu.l'}78) Also. oxamvl
and terbufos stimulated &e upraiie cf orvsrn b',' loaml' sand soii
(Tu.1980). Gn the other hand. caibofi.rran and oramlri when used at the
reconrmended field rare did nor alter Co2,production in sandr ciay loam
soil culti,,'ated w'ith Su,s61 poiato (Radraan et a\.,1,99ti) L{oreover.
Radwan and El-Dokst'h (1991) {bund that aldica,rb and cai-bofuran
enhanced soil respiration wher used at the rate of 5 pprn.

The present findings, as discussed above, indicate that the
fluctuation of t.he inhibitory effect after some incubation inlenals may'be
due to tho toxic action of these nematicides and/or tlreir rnetabolites on
microorganisms, while the stimularory effect in orher occasions ma-v be
either due to the increased activ'ity' of feu resistant spec:ies or to rapid
de-eradaticn of these chemicals via existin-e enz\rmes and ma;- s€n,e as a
source of nrutrient (Bartha et al..1967 and Tu-1980)

Relationships betn'een the three tested enz),me arltivities and
microbial respiration:

Quantitati'e information about the rerationships between soil
enzymes and microbial respiration accuralelr reflecteci microbial grou'th
and their activit\' (Frankenberger and Dick.l9g3) Relation:;hips betw.een
the acti\"ities of the enzymes tested and microbial respiration were
determineil in unrreated and treated soils with carbofuran. oxamyl and
terbufos; and are presented in Table {5).

simple conelation analysis for the untreated soils,showed that
dehydrogemase activity was significantly related urease enzyme or to
microbial respiration catalase and urease activities were nor
significantly correlated to microbiar respiration, as measured bi.co2-
evolution in soil. These results agree with those of casicla (1977) and
Frankenberger and Dick (lgsi) They reported close correlations of
dehydrogenase activity with COr release or O: uptake, respectively. The
latter authors stated the fact that urease en-4'me wa:i not significantly
correlated with respiration. Also,they indicated that much of its activity
may not be associated with the active microbial population.

-13 l-
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Tabte {5} : Sinrple Corelation between sonre microbial *ctivities in

treated and untrested soils.

Simple
Conelation

Nematicide treatments
Oxamvl Terbu{bs

II rtz

1- Dehydrogenase
3 Catalse
*,** Signific.ant at

2- Urease
4- Microbial resPiration

p<0.05 and p<0.01, resPectivelY
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