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ABSTRACT

The effect of three granulated insecticides / nematicides;
carbofuran, oxamyl and terbufos on the activities of three common soil
enzymes (dehyrogenase, urease and catalase) and on soil respiration in
clay loam soil was studied afier prolonged time of applications under
laboratory conditions. The relationships between the assayed enzymes
and microbial respiration in treated and untreated soils were also
investigated.  The results indicated that carbofuran increased
dehydrogenase activity at 15 and 50 days, while it decreased urease and
catalase activities at 50 days from application compared with the control
Oxamyl treated soil, increased dehydrogenase and urease activities at 25
days and decreased the activities at 50 and 5 days, respectively. In case of
catalase enzyme, oxamyl enhanced the activity at 7 days, but decreased
its activity at the first day and at 35 days from application. Also, terbufos
treatment appeared to cause an increase in dehydrogenase activity at 3,
25, and 50 days; urease at 25 days; and catalase at 7 days. Whereas the
trend of increasing activity was reversed for urease at 7 and 50 days and
for catalase at 35days from application compared with control treatment
Respiration, as indicated by CO,-evolution form soil, showed significant
differences was noticed with carbofuran or terbufos treatment over
control treatment at 35 days. Oxamyl, on the other hand, has stimulatory
effect in this respect at three level of times; 25, 35, and 50 days. Simple
correlation analysis for the untreated soils, indicated that dehydrogenase
activity was significantly (p<0.05) related to microbial respiration or to
urease enzyme. As for the treated soils, only dehydrogenase activity
showed a highly significant (p<0.01) negative correlation with urease
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activity in soil treated with carbofuran, oxamyl or terbufos. Besides.
oxamvl treated soil, exhibited significant positive cormelation between
dehvdrogenase and catalase enzyine aclviies.

INTRODUCTION

Enzyme assays,in conjunction with other activity indices in soil
such as microbial respiration, can provide a clearer picture of the
microbial growth and their activities of significance in soil fertility
(Frankenberger and Dick,1983 and Tu,1988). Some of the biochemical
transformations in soil are catalyzed by enzymes found outside the living
organisms (Skujins, 1967). The extracellular enzymes { present in soil as
free enzymes and/or enzymes bound to organic and inorganic colloids)
play an important role in nutrient cycling and hence soil fertlity
(Burns,1978) and even in pesticide decay (Burns and Edwards, 1980 and
Sikora et al ,1990).

The increasing use and heavy application of soil insecticides
/nematicides in agriculture resulted in hazards to the environment and
side effects on non-target soil microorganisms and their activities which
are of significance in soil fertility and plant nutritior: (Wainwright, 1978
and Cheng,1990).

The interaction of insecticides/nematicides with the non-target
soil microorganisms and their activities has been studied by many
investigators (Tu,1972,1980,1988 & 1994, Radwan er al ;1990 and
Radwan and El-Doksch 1991). Moreover,relatively little attention has
been given to the interaction of these chemicals with soil enzymes
(Zamorski et al.,1986; Ebieda, 1987, Aly and Nassef, 1988 and Basavaraj
and Sidaramappa,1991). Since detrimental effects on soil fertility could
outweigh the benefit of nematicide as nematode control measure, it is
interesting to study their side effects on soil enzymatic activities and on
soil respiration. Consequently, each negative or positive effect on the
activity of 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 1insecticides/nematicides namely; carbofuran, oxamyl and
terbufos on the activity of dehydrogenase, urease and catalase enzymes
and on soil respiration after prolonged time of applications under
laboratory conditions. The relationships between the activity of the tested
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enzymes and microbial respiration were also determined.

MATERIALS AND METHODS -

Soil treatment:

The soil used in this study was previously cultivated with Alfa
alfa and collected from Alexandria Agricultural College research station
at Abis region. There is no history of pesticides application in the area
and the soil properties are: PH,7.90,0rganic matter,1.5%, total nitrogen,
0.14%; sand, 28.6%, silt,36.4%,; clay 35%.and 63.5meq/] total soluble
salts. Its texture class was clay loam soil. The soil was air-dried and
sieved using 2mm sieve, one hundred grams from soil was mixed with a
nematicidal treatment. The treated soil in addition to the control was
replicated three times and maintained at 60% of water holding capacity
(WHC) through the incubation period at temperature of 30+1c.

Insecticides/nematicides used :

Carbofuran  (Furadan 10%G) "2,3-dihydro-2,2-dimethyl-7-
benzofuranyl methyl carbamate", oxamyl (Vydate 10%) Methyl N N-
dimethyl-N-[(methyl carbamoyl)oxy]-1-thiooxamindate, and terbufos
(Counter 10%) S-(tert butylthio) methyl O,0-diethyl phosphorodithioate.
Each of these nematicides used at the rate of 15 kg/feddan (equal to 0.15
mg/100 gm soil), which is the field recommended rate

Microbiological determination:

The activities of the various soil enzymes were based on the
release and quantitative determination of the product in the reaction
mixture when soil samples were incubated with substrate and buffer
solution. The following enzyme assays were performed as described
elsewhere: Dehydrogenase (Casida er al., 1964 and Pancholy and Rice ,
1973); Urease (Watt and Chrisp, 1954) and Catalase (Johnson and
Temple,1964). Soil respiration as indicated by COs-evolution was
estimated according to Singh ef al. ( 1969) as quantity of CO, evolved per
100 gram soil.  All treatments were assayed for enzyme activity and soil
respiration after time intervals of 1,3,5,7,15,25,35,50,75,and 100 days
from application. Data were expressed on air-dry basis and were
analyzed by standard statistical procedures (Steel and Torrie, 1980).
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RESULTS AND DISCUSSION

It is well known that the activity of soil MICToOrganisms may
strictly depend upon the efficiency of extracellular enzymes and
microbial respiration. So, any undesirable effect on either these
enzymatic systems or microbial respiration may be reflected on the
overall microbial and biochemical soil activity (Frankenberger and
Dick,1983 and Gianfreda et al.;,1993).

Table (1): Dehydrogenase enzyme activity among both control and
treated soils with three nematicides after different time

intervals.
Time intervals Nematicide treatments )
(days) Control | Carbfuran | Oxamyl | Terbufos
Specific activity of dehydrogenase* |
1 33.78 26.06 | 337‘8’7 2027
3 17.45 50.67 | 21.42 66.99
S 19.08 36.59 54.04 3491
7 23.65 37.16 36.59 33.78
15 49.64 118.70 7817 52.84
25 42.78 48 98 131.73 12722
35 83.64 112.59 113.23 99.72
50 235.21 386.14 194.17 | 592.14
75 64.98 75.63 8428 | 6562 |
100 70.13 03.93 | 8750 | 86.21J

* Dehdrogenase activity is expressed as Ug formazan/gm soil.
LSDyos = 36.06 (for every two treatments at the same level of time ).
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Effect of the three tested nematicides on the activity of soil
dehydrogenase, urease and catalase:

Enzyme activities in soil indicate the potential of soil to affect

biochemical transformations necessary for maintenance of soil fertility
(Skujins, 1967  and Burns,1978). The effects of the nematicide;
carbofuran, oxamyl or terbufos on the activity of dehydrogenase, urease
and catalase enzymes afier prolonged time of application are reported in
Tables 1,2, and 3, respectively.
The results shown in Table {1) demonstrate the effect of the three tested
nematicides on soil dehydrogenase activity. Terbufos increased the
activity of dehydrogenase enzyme at 3 days from application compared
with control treatment. At 15 days after application, the formazan content
obtained with carbofuran only was significantly higher than those
obtained with the untreated treatment.

Table (2): Urease enzyme activity among both control and treated
soils with three nematicides after different time intervals.

Time intervals Nematicide treatments
(days) Control ‘ Carbfuran i Oxamyl | Terbufos
Specific activity of urease*

1 | 6889 | 6888 68.88 68.16

3 J 68.60 67.04 68.83 68.10

S 73.87 7393 | 6154 73.59

7 74.15 7432 | 7336 61.82

15 68.27 68.55 67.87 67.76

25 55.05 55.50 72.13 71.69

35 64.12 65.69 63.45 63.00

50 61.27 49 63 52.98 47.19

75 65.69 65.75 65.36 6535

100 70.28 70.28 73.79 70.51

* Urease activity is expressed as Umole urea/gm soil.
LSDygs = 8.34 (for every two treatments at the same level of time ).
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Also, the data showed that the significant increase in this respect
was tecorded with both oxamyl and terbufos afier 25 days of incubation.
Both carbofuran and terbufos treatments significantly enhanced
dehydrogenase activity after 50 days. The stimulatory effect was
pronounced in terbufcs treated sail. On the contrary, after this period the
inhibitory effect was noted in oxamy! treated soil. At the end of the
experiment {100 days), all nematicide treatments appeared to cause an in
dehydrogenase activity but ~without significant differences between
treatments.

The results presented in Table (2) clearly indicated that
significant increases and decreases of urease activity was observed with
oxamyl treated soil after 25 and 5 days of application, respectively. Also,
terbufos enhanced urease activity after 25 days and reduced 1ts activity at
the time of 7 and 50 days. On the other hand, carbofuran significantly
inhibited urease activity only after 50 days of application compared with
the control.

Data in Table (3) showed that the two nematicides, oxamyl and
terbufos increased the activity of catalase enzyme at 7 days and
decreased the activity at 35 days from applications compared with the
control treatment. Also, oxamy! treated soil decreased catalase activity at
1% day after application. The offect of carbofuran on the catalase activity
is similar to the untreated soil, along all the experiment except at 50 days
when it significantly decreased.

It could be concluded that the following points : -

1- Carbofuran significantly increased dehydrogenase activity at 15 and
50 days after application, while it decreased urease and catalase
activity at 50 days after treatment compared with the untreated sotl.

2- Oxamyl significantly increased dehydrogenase and urease activities
at 25 days and decreased the activities at 50 and 5 days from
applications, respectively, compared with the control. In case of
catalase enzyme, oxamyl increased the activity at 7 days, but
decreased its activity at the first day and at 35 days after application.

3. Terbufos significantly increased dehydrogenase activity at time
intervals of 3,25, and 50 days, uraese activity at 25 days, and catalase
activity at 7 days. Whereas the trend of increasing activity was
reversed for urease at 7 and 50 days and for catalase at 35 days from
applications compared with control treatment.
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Table (3): Catalase enzyme activity among both control and treated
soils with three nematicides after different time intervals.

Time intervals : Nematicide treatments
(days) Control | Carbfuran | Oxamyl | Terbufos

Specific activityéof catalase*
1 91.75 93.08 87.75 89.08
3 96.75 96.00 9375 95.17
5 108 83 107.08 109.17 108.58
7 107.25 105.33 111.17 11292
15 113.42 11217 113.00 116.00
25 112.08 111.50 112.17 111.75
35 109.76 108.92 103 .33 99.00
50 111.33 107.75 110.00 109.50
75 11292 110.08 110.58 | 109.58
100 12210 | 12133 | 12083 | 12083

* Catalase activity is expressed as Umole H,O, decomposed /gm soil/15 min.
LSDgos = 3.35 (for every two treatments at the same level of time ).

Carbofuran was mnot inhibitory to the activity of soil urease
(Sahrawat,1981). Also, changes in catalase and urease activities in soil
treated with carbofuran, oxamyl and phenamiphos were insignificant
(Zamorski er al,1986). On the other hand, Ebieda (1987) reported that
aldicarb, carbofuran and terbufos stimulated both dehydrogenase and
urease activities in uncultivated soils. Aly and Nassef (1988) found that
aldicarb and carbofuran decreased urease activity at 1.3 and 56 days,
while they increased dehydrogenase activity at 5 days. Carbofuran
significantly inhibited dehydrogenase activity, while it had both
stimulatory and inhibitory effect on soil urease when applied to the soil at
10 and 100 ppm levels, respectively (Basavaraj and Siddaramappa,1991).

-129-



M.A.Radwan.

Effect of the three tested nematicides on soil respiration:

Soil respiration, as indicated by uptake and/or the release of
carbon dioxide (COs-evolution) by living, metabolizing entities in the
soil, is a good index of microbial activity (Tu,1980 and Tu and
Miles,1976). The rate of CO;-evolution from treated and untreated soils
was 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
CO, were 401, 37.1 and 352 mg CQOy/100gm soil. Also, oxamyl
markedly increased COz-production at 25 and 50 days from applications
compared with the control.

Table (4) : Microbial respiration among both control and treated
soils with three nematicides after different time intervals.

Time intervals Nematicide treatments
(days) Control | Carbfuran | Oxamyl | Terbufos
Soil respiration*
! 6.60 8.90 1090 | 1200
3 43.20 46.10 4830 | 4200
> 10.70 12.30 1330 | 13.10
7 17.20 15.10 1350 | 15.50
15 22.50 18.20 2050 | 15.10
25 34.40 33.30 4990 | 41.00
35 | 25.40 40.10 37.10 | 3520
50 2.20 3.70 13.30 5.10
5 22.50 16.60 2630 | 24.40
100 12.30 18.20 1160 | 2050

* Soil respiration is expressed as mg CO2/100 gm soil.
LSDg s = 9.08 (for every two treatments at the same level of time).
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xygen consumption of soil microbes was not affected by
carbofuran or terbufos treaied sandy loam soil {Tu,1978) Also. oxamyl
and terbufos stimulated the uptake of oxveen bv loamv sand soil
(Tu,1980). On the other hand. carbofuran and oxamvi when used at the
recommended field rate did not alter CO;-production in sandy clay loam
soil cultivated with sweet potato (Radwan er al 1990) Moreover.
Radwan and El-Doksch (1991) found that aldicarb and carbofuran
enhanced soil respiration when used at the rate of 5 ppm.

The present findings, as discussed above, indicate that the
fluctuation of the inhibitory effect after some incubation intervals may be
due to the toxic action of these nematicides and/or their metabolites on
microorganisms, while the stimulatory effect in other occasions may be
either due to the increased activity of few resistant species or to rapid
degradation of these chemicals via existing enzymes and may serve as a
source of nutrient (Bartha er al, 1967 and Tu,1980)

Relationships between the three tested enzyme activities and
microbial respiration:

Quantitative information about the relationships between soil
enzymes and microbial respiration accurately reflected microbial growth
and their activity (Frankenberger and Dick,1983). Relationships between
the activities of the enzymes tested and microbial respiration were
determined in unireated and treated soils with carbofuran, oxamyl and
terbufos; and are presented in Table (5).

Simple correlation analysis for the untreated soils,showed that
dehydrogenase activity was significantly related urease enzyme Ofr to
microbial respiration. Catalase and urease activities were not
significantly correlated to microbial respiration, as measured by CO,-
evolution in soil. These results agree with those of Casida (1977) and
Frankenberger and Dick (1983). They reported close correlations of
dehydrogenase activity with COj, release or O, uptake, respectively. The
latter authors stated the fact that urease enzyme was not significantly
correlated with respiration. Also,they indicated that much of its activity
may not be associated with the active microbial population.

-131-



M.A Radwan.

Table (5) : Simple Correlation between some microbial sctivities in
treated and untreated soils.

Simple Nematicide treatments
Correlation Control | Carbfuran | Oxamyl | Terbufos
12 20419 | -0.720" | -0.479" | -0.892"
s 0.290 0224 0.434 0.128
Nna - -0437 -0.312 0.025 -0.316
| 23 -0.163 -0.101 0.084 0.112
T24 -0.233 0.016 0.115 0.278
I34 -0.099 0.114 -0.207 -0.199
1- Dehydrogenase 2- Urease
3 Catalse 4- Microbial respiration

* ** Gignificant at p<0.05 and p<0.01, respectively

It is clear from Table (5) that there was no significant correlation
between the assayed enzymes and CO,-evolution in soil treated with any
tested nematicides. Only dehydrogenase activity was high negatively
correlated (p<0.01) to urease avtivity obtained in soil treated with
carbofuran (r= -0.729), oxamyl (= -0.479), and terbufos (r= -0.892).
Oxamyl treated soil,showed a positive  correlation  between
dehydrogenase and catalase enzymes in soil.

This study provides information about the impact of the three
tested insecticides/nematicides on the biochemical activity of soil under
laboratory conditions. However, the influence of these chemicals on soil
biochemical activity in the presence of vegetation requries close
attention.

REFERENCES
Aly, M1. and O.P Nassef (1988): The influence of pesticide application

rates on the activity of some soil enzymes. J.Pest Control &
Environ. Sci,, 1:27-34.

-132-



J.Pest Cont. Environ. Sci. 7 (1} (1999).

Bartha, R . R P Landziloota ard D Pramer {1967). S:ability and effects of
some pesticides in soils. J. Appl. Microbiol . 15(1):67-75
Basavaraj, B. and R Sidaramappa {1991): Effects of certain pesticides on
the activity of urease, phosphatase and dehydrogenase in blok
and red soils of Karnataka Indian J Agric. Chem 24(1-2):7-14.

[c fChem Abst , 1994, 121:1730541]

Burns, R.G (1978): Soil Enzymes Academic Press. London.

Bums, RG. and J A Edwards (1980): Pesticides breakdown by soil
enzymes. Pestic. Sci.,11:506-12.

Casida, LEJr. (1977) Microbial metabolic activity by dehydrogenase
determinations Appl. Environ. Microbiol 34:6-36.

Casida, L.EJr. and D A Klein and T Santoro (1964): Soil dehydrogenase
activity. Soil Sci 98:371-76.

Cheng, HH. (1990). In Pesticides in the environment : Processes,
Impacts, and Modeling (Ed.) HH Cheng. Soil Science Society
of America, SSSA Book Series, No 2.Madison,Wisc_, USA.

Ebieda, AMM. (1987) Studies on certain pesticides being used on
sugar crops. Ph.D. Thesis, Univ. of Alex., Faculty of
Agriculture, Egypt.

Frankenberger, W TJr and W A Dick (1983): Relationships between
enzyme activities and microbial growth and activity indices in
soil . Soil Sci. Soc. Am. Proc., 47:945-51

Gianfreda, L. F Sannino, M.T Filazzola and A Violante (1993).
Influence of pesticides on the activity kinetics of invertase,
urease and acid phosphatase enzvmes Pestic. Sci., 39:237-44

Johnson, JL. and K.L Temple (1964). Some variables affecting the
measurement of catalase activity in soil. Soil Sci. Soe. Am
Proc., 28:207-9.

Pancholy, SK. and E.L Rice (1973): Soil enzymes in relation to old field
succession: Amylase, Cellulase, Invertase, Dehydrogenase and
Urease. Soil Sci. Soc. Am. Proc., 37:47-50.

Radwan, MA; G.F Antonious; A Abdel-All and F S Sabra (1990):
Influence of field applications of some carbamate insecticides
on chlorophyll content of sweet potato leaves and certain
microbiological processes in soil. J.Pest Control & Environ.
Sci., 2:63-71.

Radwan, M. A and H.A El-Doksch (1991): Effect of some nematicides
and fungicides alone and in combination on respiration and
nitrification processes in soil J.Agric Sci Mansoura Univ.,
16(5):1185-92.

-133-



M.A. Radwan .

Sahrawat, K.L. (1981): Effect of carbofuran, malathion and parathion on
urease activity in a waterlogged soil. Oryza 18(2):103-7.
[c.fChem.Abst. 1981 ,97:51207h].

Sikora, L.J.; D.D.Kaufman and L.C.Horng (1990): Enzyme activity in
soils showing enhanced degradation of organophosphate
insecticides. Biol. Fertil. Soils, 9(1).14-18.
[c.f Chem. Abst.,1990,112(21) 193747m].

Singh, BR.; A S.Agarwal and Y Kanehiro (1969): Effect of chlonde
salts on ammonium nitrogrn release in two Hawain soils. Soil
Sci. Soc. Am. Proc., 33:257-66.

Skujins, J. (1967): Enzymes in soil In: Soil Biochemistry Vol.1,
Mclaren, A.D. and C H Peterson (Ed), Marcel Dekker Inc.,
New York. :

Steel, RGD. and J.H Torrie (1980): Principles and procedures of
statistics. A biometrical approach Second Ed. Mc-Graw Hill
Kogakusha, Ltd., pp.633

Tu, CM. (1972). Effect of four nematocides on activities of
microorganisms in soil. Appl. Microbiol., 23:398-401.

Tu, CM. (1978): Effects of insecticides on population of microflora,
nitrification and respiration in soil. Comm. in Soil Sci. and Plant
Analysis, 9(7).629-36.

Tu, CM. (1980) Influence of pesticide and some of the oxidzed
analogus on microbial populations, nitrification and respiration
activities in soil. J. Bull. Environ. Contam. Toxicol,, 24:13-19.

Tu,C.M. (1988). Effects of selected pesticides on activities of invertase,
amylase and microbial respiration in sandy soil. Chemosphere,
17(1):159-63. [c.f. Chem. Abst., 1988,108(15):126294r].

Tu., CM. (1994). Effects of some insecticides on microbial activities in
sandy soil. J. Environ. Sci. & Health,B29(2):281-92.

Tu, CM. and JR.W Miles (1976): Interactions between insecticides and
soil microbes. Residue Rev., 64:17-65.

Wainwright, M. (1978); A review of the effects of pesticides on
microbial activity in soils. J. Soil Sci., 29:287-98.

Watt. C.W. and JD.Chrisp (1954): Spectrophotometric method for
determination of urea. Anal Chem., 26:452-53.

Zamorski, R.; G.Bartkowiak; and W .Slizak (1986): Effect of systemic
zoocides on biological activity of soil in the sugar beet
cultivation. Zesz. Probl. Postepow Nauk Rol.,297,81-9.
[c.fChem. Abst.,1987,106:151 583a).

-134-



JPest Cont. Environ. Sci. 7 ¢1) (1999).

~5%_)*j" 'J“S'L‘B

B30 ekl (p Aanlill g A3 3 A glasS e gl
s Plaald [ A pdall Sl Ga

QU.:'AJU.]& daaa .3
S Sy e aud
AN Aaala — i) — 489 50 Ayl

) AR g A el / &y el o e A0 5 ey
) Aasal 2y 1 e 33 (e Slay  ADG Ll e Swﬁxe)i ¢ QLS (o 98 90 2S)
il in g Vo e 2oy A i e o Lol 5 (G080 ¢ Sl ¢ s ovend
By A e JS o h ey A eiSp ey Y 238 (LS ) A a5 1SS — e
Ldae b 5 ildad

P}_“J\.L_x_ﬁ:j%ﬂ‘h\ﬁwj\\)ﬁu\)}_ﬂy‘)\_ﬁ‘U‘Gj\_'u“duj‘j
a0yt aie STy S g L2 e it Lk 0yl ol g el
wJMsL@myg&uujyg&u\@ﬂxgj_djmu,mws
et A e U i sl g (et e it g e O3 de y hasad S0 Dol
_\.xel_lssjdj\mwg\xdms“}@m;\;jﬁ.kumsot_\_;,jgnﬁ\wsym
bl ey el bm}ﬁﬂg&b&‘;—&w‘w&)msj,wwag‘
Gt v sl By s gt ¢ Opoe s Ak « TS i 5 pue
V;..-.S:.':\A.E.LL:S&EE&Q}“:\_}B)Q:\;QJ?H@SLM‘é;a\a‘}}?}gdjﬁj
s ey e vie NN Y 5 g O gieh g psa Anias 32 o)l 5
s S0 A Jlie Aleladl

Lo s U 35 fanl 28 e g 50 o) (058 50 oSl Aldad) (f a5 LIS
y,dj)ﬁm:&s,&&u\muﬁwﬁ,mk@ﬁ\ﬂﬂﬂ&ﬁ) S sy
RIST R T WOC QY < 58 DG e Jad Gaaal 38 Lo QLS Y ) g A 4
Al e la gy (gesad g ¢ 9500 5 Rusadh

Lld ADle Mia Q\muﬁsd\_..;Axuswja\_;ﬂuggesmaﬁ_m,
U sl s A A Gy s s el LLES (5 %00 A sine g giase S
Ll 2 A i eyl B G A S 3Dk 2y 238 Akl ol s
A s ) B GLYL %) A sina s siase o e shsn S o HaluS 5 o) s S
DN iy el L O A e U ) ADe el 8 e Y1, Aldlad

-135-



	Scan2.PDF (p.1-7)
	Scan20001.PDF (p.8-14)

