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Effect of carbofuran on enzymatic activities and growth of tomato plants
in natural, fertilized and vermicompost-amended soils
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India; *Department of Chemistry, Aligarh Muslim University, Aligarh, India
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The effects of carbofuran, a widely used carbamate pesticide, on soil enzymatic
activities such as fluorescein diacetate hydrolysis (FDAH), dehydrogenase, and
acid and alkaline phosphatases were studied at different time intervals in
unamended soil and soil amended with inorganic fertilizers and vermicompost,
cropped with tomato plants. The results showed that all enzymatic activities
varied with carbofuran application rates and increased significantly up to 1.0 kg
active ingredient (a.i.) ha™ " dose of carbofuran. The most significant increase was
observed at 0.20 kg a.i. ha~! dose both in unamended and amended soils. This
showed that carbofuran was not toxic to all enzymatic activities studied upto
1.0 kg a.i. ha—! dose of carbofuran in both systems. A significant decrease in all
enzymatic activites were observed at higher dose of carbofuran both in
unamended and amended soils relative to their respective controls. Highest
enzymatic activities were observed in vermicompost amended soil and minimum
in fertilized soil compared to control. The results indicated that the growth of
tomato plants was significantly higher at 0.20 kg a.i. ha~' dose of carbofuran in
all the cases and followed the order: fertilized soil > vermicompost amended
soil > natural soil and was positively correlated with the enzyme activities.

Keywords: carbofuran; enzymatic activities; fertilizers; vermicompost

Introduction

The soil environment is composed of biotic and abiotic components. The biotic
components contain an enormous number of diverse living organisms, assembled in
complex and varied communities, whereas the abiotic component contains organic
and mineral matter. Biological properties of soils, for example soil respiration,
microbial biomass, nitrogen mineralization capacity and enzyme activities, have
been proposed as indicators of soil quality and health (Reddy et al. 1987; Dick 1994;
Dick and Breakwell 1996; Bendick and Dick 1999). Soil enzymes are soil active
proteins playing an important role in soil health and are involved in the
decomposition of organic matter, cycling of plant nutrients, energy transfer and
environmental quality. Measurement of specific enzymatic activities may be useful in
determining soil biological activity, which might then be used as an index of soil
fertility (Perucci 1992; Cladwell 2005; Winding et al. 2005).

Pesticides, mineral fertilizers, composts and vermicompost are commonly used in
farming systems. The effects of certain pesticides (Anderson et al. 1981; Lal and Lal
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1988; Perucci 1992; Perucci and Scarponi 1994; Perucci et al. 2000; Chen et al. 2001;
Omar and Abdel-Sater 2001; Araujo et al. 2003; Wyszkowska and Kucharski 2004),
inorganic fertilizers (Luo and Sun 1994; Simek et al 1999; Jia et al. 2001; Lalfakzuala
et al. 2008) and vermicompost (Delgado-Moreno and Pena 2009; Fernandez-Bayo
et al. 2009) on enzymatic activities of soils have been reported. Pesticides generally
appear to have no adverse effect on soil enzymes except at concentrations exceeding
recommended rates. Conflicting data have been published about the impact of
inorganic fertilizers on enzyme activities. Some research has suggested that enzymatic
activity decreases with inorganic fertilizer application (Simek et al. 1999; Lalfakzuala
et al. 2008). However, Yang et al. (2000) reported that chemical fertilizers stimulate
enzymatic activities. Vermicompost, generally applied to low organic carbon content
soils, plays a positive role because it increases the organic matter content in the soil
(Delgado-Moreno and Pena 2009; Fernandez-Bayo et al. 2009). Martens et al. (1992)
reported that enzyme activities in organic-matter-amended soil increased an average of
two- to fourfold compared with unamended soil. Chang et al. (2007) reported that
enzymatic activities significantly increased in compost-treated soils compared with
fertilizer-treated soil according to a study concerning the effects of different application
rates of organic fertilizer on soil enzyme activity and microbial population.

Recently, Menon et al. (2005), Sukul (2006), Stepniewska et al. (2007),
Jastrzebska and Kucharski (2007), Piotrowska-Seget et al. (2008), Cacers et al.
(2009) and Rasool and Reshi (2010) have reported the effect of different pesticides on
dehydrogenase, acid and alkaline phosphatases activities and fluorescine diacetate
hydrolysis in soils.

Carbofuran (2,3-dihydro-2,2-dimethylbenzofuran-7-yl methyl carbamate) is a
systemic nonionic broad spectrum carbamate insecticide/nematicide, which is widely
used on the Indian subcontinent to control nematodes in soils. Considerable work
has been done on the effect of carbofuran for the control of nematode population in
soils (DiSanzo 1981; Singh et al. 1986; El-Banhawy et al. 1998), but work on the
effect of carbofuran on the enzyme activities of soils is very scanty (Rodell et al.
1977; Kale and Raghu 1990; Kalam and Mukherjee 2001). Rodell et al. (1977)
studied the effects of several insecticides, including carbofuran, on nitrogenase
activity by Azotobacter vinelandii and soyabean nodules. Kale and Raghu (1990)
studied the effect of carbofuran on soil phosphatases and aryl sulfatase activities, and
showed that carbofuran had no marked inhibitory effect on these enzymes. Kalam
and Mukherjee (2001) reported an inhibitory effect of carbofuran on the
dehydrogenase activity of soils.

A lot of work has been done on single effects of pesticides, fertilizers and
vermicompost on soil enzymatic activities, however, no information is available on
how soil enzyme activities respond to combined application of these agrochemicals.

In this study, we investigated the effect of varying doses of carbofuran on
enzymatic activities [fluorescein diacetate hydrolysis (FDAH), dehydrogenase, acid
and alkaline phosphatases] and the growth of tomato plants in natural, fertilized and
vermicompost-amended alluvial soil.

Materials and methods
Soil and chemicals

In this study, an alluvial sandy loam soil, which was obtained from village
Rehmapur in the district of Aligarh (U.P.) India, was used. Geographically, Aligarh
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is located between 27.88°N and 78.08°E at an average elevation of 178 m.a.s.l. Soil
texture (% sand, % silt and % clay) was estimated using the International Pipette
Method (Piper 1950). The pH in 1:2.5 soil/water samples, percentage of CaCO;
content and bulk density were determined using the methods described by Jackson
(1958). The percentage of organic carbon/organic matter, cation-exchange capacity
(CEC) and surface area of the soil were determined using the methods proposed by
Walkley and Black (1947), Ganguli (1951) and Dayal and Hendricks (1950),
respectively, and are given in Table 1.

Carbofuran (98.97% purity) was supplied by the M\S Rallis Agrochemicals
Station (Bangalore, India). A stock solution of carbofuran (500 ug mL~') was
prepared by dissolving the requisite amount of carbofuran in acetone.

Inorganic fertilizers used in this study include urea, diammonium phosphate
(DAP) and muriate of potash (MOP), and were obtained from E. Merck Chemicals
Ltd, India.

Vermicompost was obtained from Dangas Vermi Biotech Pvt. Ltd (Aligarh,
India), and was prepared by treating cowdung with epigeic earthworms (Eisenia
foetida). The composition of vermicompost included 11.5% organic matter (OC),
1.5% N, 1.8% P, 2.0% K.

All other chemicals and reagents were of AR grade and were obtained from E.
Merck and CDH Chemicals Ltd India.

Soil amendment with inorganic fertilizers and vermicompost

To study the effect of inorganic fertilizers and vermicompost, the soil was amended
with urea, DAP, MOP (N:P:K, 90:60:60 kg ha~"') and vermicompost (5.0 t ha™"),
respectively.

Experimental design

Soil samples for this study were collected randomly from a field in the village of
Rehmapur, in Aligarh district, India, by taking thin slices from the surface layer
(0-15 cm) using a spade, as outlined by Jackson (1958). The composite soils were air
dried in the shade, cleaned by removing plant material and other debris and passed
through a 2-mm (4-8 mesh cm ') sieve.

Table 1. Physicochemical properties of the studied soil.

Soil properties Rehmapur soil
Sand (%) 62.26
Silt (%) 29.74
Clay (%) 8.00
Organic matter (%) 0.724
Organic carbon (%) 0.420
Texture Sandy loam
pH 7.8
Cation-exchange capacity[cmol(p +)] kg ™' 65
CaCO; (%) 3.50
Bulk density (g cm™?) 1.33

Surface area (m? g~ ') 266
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A pot experiment was conducted under greenhouse conditions (average
temperature 21°C day and 12°C night, relative humidity 60-68%) at the Department
of Botany, Aligarh Muslim University, Aligarh, India during October 2009 to
February 2010 to study the effect of varying doses of carbofuran on enzymatic activities
and the growth of tomato plants in unamended soil and in soil amended with inorganic
fertilizers and vermicompost. Three treatments of carbofuran doses (0.2, 1.0 and 5.0 kg
a.i. ha— ") were applied in natural (umamended) soil and in amended soils using 5 mL
acetone, assuming 2 x 10° kg soil ha~' to a depth of 15 cm (bulk density 1.33 g
cm ). Untreated soil samples were also processed in a similar way by adding only
5 mL acetone. The details of the treatments are as follows:

T, natural soil (control);
1

T», natural soil + 0.2 kg a.i. carbofuran ha™ °;

Ts, natural soil 4+ 1.0 kg a.i. carbofuran ha™';

T,, natural soil 4+ 5.0 kg a.i. carbofuran ha~';
Ts, control + fertilizers;
1

T, fertilized soil + 0.2 kg a.i. cabofuran ha™ ';

fertilized soil + 1.0 kg a.i. carbofuran ha ™~ ';
Ts, fertilized soil 1 + 5.0 kg a.i. carbofuran ha™';
Ty, control 4+ vermicompost;

T, vermicompost-amended soil 4+ 0.2 kg a.i. carbofuran ha=!;

T,,, vermicompost-amended soil + 1.0 kg a.i. carbofuran ha~!;

T1», vermicompost-amended soil 4+ 5.0 kg a.i. carbofuran ha "

—
3

All the treatments including control were replicated three times.

One healthy and uniform 15-day-old tomato seedling (Lycopersicon esculentum,
var. K-25) grown in autoclaved soils was transplanted into each pot. The pots were
irrigated with equal amounts of water throughout the experiment, as and when
required. The pots were arranged in a greenhouse on a bench in a randomized
fashion.

Soil samples were drawn at 0, 5, 10, 15, 30, 60, 90 and 120 days post carbofuran
application and stored at 4°C for the analysis of soil enzymes activities. The FDAH,
dehydrogenase, acid and alkaline phosphatases activities were estimated using the
methods proposed by Adam and Duncan (2001), Casida et al. (1964) and Tabatabai
and Bremner (1969), respectively. Each value given in the tables is the average of
three observations.

After 120 days, the plants were uprooted and brought to laboratory for biometric
observation. The shoots and roots of the plants were separated, and shoot and root
lengths and fresh weights of shoot and roots were measured. The shoots and roots of
the plants were dried in an oven at 60 + 1°C and weighed.

Statistical analysis

The data on the effect of varying doses of carbofuran on soil enzymatic activities was
subjected to analysis of variance (ANOVA) and mean comparison was carried out
using the least significant difference (LSD) test at p < 0.05. Simple correlation
analysis was performed to correlate different enzymatic activities with plant growth
parameters using Pearson’s correlation test. In all cases, statistical analyses were
performed with the software package SPSS 11.0 for Windows.
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Results
Enzymatic activities

Results on the effects of varying doses (0.20, 1.0 and 5.0 kg a.i. ha—") of carbofuran
at different time intervals on FDAH, dehydrogenase, acid phosphatase and alkaline
phosphatase activities in soil alone and soil amended with inorganic fertilizers and
vermicompost are presented in Tables 2-5.

In response to the doses of carbofuran applied (Tables 2-5), a significant increase
in all the enzymatic (FDAH, dehydrogenase, and acid and alkaline phosphatases)
activities was observed up to the 1.0 kg a.i. ha—! dose of carbofuran, but the most
significant increase was observed at 0.20 kg a.i. ha~' carbofuran dose. By contrast,
at a higher dose (5.0 kg a.i ha ') a significant decrease in all enzymatic activities was
observed in both unamended and amended soils compared with control treatments
(T, Ts and Ty).

All enzymatic activities studied were higher in vermicompost-amended soil than in
unamended soil and fertilizer-amended soil at varying doses of carbofuran (Tables 2-5).

A significant increase in dehydrogenase activitiy was observed at 10 days,
whereas significant increases in FDAH, acid and alkaline phosphatases activities
were observed up to 15 days. Thereafter, all enzyme activities gradually declined to
the end of the experiment in all the cases.

The initial differences observed among the treatments with application of
fertilizers or vermicompost are taken into account by using normalized (C/C,) values
to check the relative increments in dehydrogenase activity over time. The normalized
data (C/C,) are given in Table 6.

Growth of plants

The effects of varying doses of carbofuran on growth parameters such as shoot/root
length and shoot dry weight/root dry weight of tomato plants are shown in Figure 1.
An increase in plant growth was observed up to the 1.0 kg a.i. ha ' dose but the
largest increase in plant growth was observed at 0.20 kg a.i. ha~', in both
unammended soil and soil amended with fertilizers and vermicompost. At a higher
application rate, i.e. 5.0 kg a.i. ha ', a decrease in plant growth was observed, and
plants exhibited phytotoxicity in the form of marginal leaf scorching in unamended
soils and fertilizer- and vermicompost-amended soils.

Discussion
Enzymatic activities

The increase in FDAH activity up to 1.0 kg a.i. ha ' dose of carbofuran (Table 2) in
unamended soil may be due to the utilization of carbofuran as an available substrate,
thereby rapidly stimulating microbial activity. Our results are in accordance with the
work of Zelles et al. (1985) and Araujo et al. (2003) who reported an increase in
FDAH activity in presence of certain pesticides (lindane, captan, atrazine,
glyphosate) in soils. The decrease in FDAH activity at a higher dose is may be
due to a direct interaction with the number or activity of microorganisms, which
changes intra- and extracellular enzyme activities. This is in agreement with the
findings of Das et al. (2008) who studied the effect of novaluron on microbial
biomass, respiration and fluorescein diacetate hydrolysing activity in tropical soils.



R.P. Singh et al.

1354

",y ueInjoqred ‘e 8 (' + (108 papuawe Jsodwooruioa
L ¢ _ey UeINjoqIed Tk 5 (' + [10s popuswe jsodwodruroa M f By ueInjoqied 'Te 8y ¢°( + [10s popuowre jsodwodruion 01y sodwodnuion + [013u0d O,
f,_BY UBINJOQILd "I'e BY (°G + [ [I0S PazI[II9f ST I, BY UBINJOqIed ‘1€ 3Y O] + [10S pazi[nia) L1 f,_BY UBINJOQED ‘T'® T 7'() + [IOS PIZII}S) O, SISZI[I}I) + [01U0D ST,
‘| By UBINJOQIRD T'® 8y ('S -+ [10S [eanjeu ‘v ‘| _BY UBINJOQIRd T'® 8Y 0'1 + [10S [eIMBU T 1 BY UBINOQIED ‘TR SY 7'() + [10S [RINjRU L {(JONU0D) [I0S [eInjeu ‘! [, :9)0N

LYE0 60€°0 $8€°0 $9¢°0 1€€°0 0g€’1 €0€°0 (%$) AS1

6701 1721 68°C1 8¢¢l 26°61 08°61 7591 0S°€1 UBIN

129°0 6b°€l 0¢°6 8601 S9I1 ¥8°TI 2691 0081 SLY1 0S¢l ar

199°0 0€°G1 68°01 81Tl o€l 0L€T YL 1T 0012 1091 0S°€1 Y

6L9°0 1991 6711 86°€1 PIvl 10v1 8T'€T 05°CT 86°61 0S¢l oL

95770 LT 62701 0L 11 o'zl LT€T YL 61 0081 LEST 0S¢l °L

0T€0 €€8°0 TTT0 997°0 TWeo 162°0 TLT0 (%$) asT

€¢L 6S'8 S¢6 0t°01 €591 17€1 6L°C1 0111 UBIN

897°0 066 9¢'9 €TL 86°L 8¢'6 011 18711 011 0111 81

60€°0 Al 96°L 176 S0°01 96°01 0891 0S°€1 LTI 0111 LL

81C'1 ¥6°C1 98 ¥$°6 1701 €0l vL61 0591 SLST 0111 °L

0ST°0 €9°01 96'9 T8 L6°8 99°6 16761 SLTI 0611 0111 ‘L

S8€°0 19270 65T°0 TST0 80%°0 TLT0 L6T0 (%$) asT

09°6 L6701 S9'T1 LY 1T Se8l 0T°91 9611 IL11 UBIN

10€°T €911 98 €001 $S01 1L°01 0L ¥1 SLCI 0zT¢l IL11 YL

66C1 69°€1 666 61°11 1721 0L 11 YL 61 STLI SLSI IL11 €L

8€T'T vSpl 65701 1121 8¢l 15721 ¥9°0C 0T°61 STLI 111 L

9T1 €9°C1 6€°6 $S°01 611 0€° 11 €¢8l 911 S9°¢l IL11 'L

(%) AsT UBOIN 0zl 06 09 0¢€ S1 01 S 0 SIuOUW B,
skeq

(ros | _8 | _y paseajor uradsorony 51) A}ANOE SISK[OIPAY 9)I20RIP UIOSAION] ]

"SUOTIIPUOD P[oY JOPUN S[BATIIIUT W) JUAISPIP 1€ JSOdWOOIULIOA PUR SIOZI}I] YIM PIpUIWe
S[I0S pue auo[e [10S UL (108 | | [ pases|ar urddsatony 3n) KJANOE SISA[OIPAY 21LIR0LIP ULRISAION] UO UBINJOQILD JO SISOP JUSIAPIP JO 10T T dqeL



1355

Archives of Agronomy and Soil Science

",y ueInjoqred ‘e 8 (' + (108 papuawe Jsodwooruioa
L ¢ _ey UeINjoqIed Tk 5 (' + [10s popuswe jsodwodruroa M f By ueInjoqied 'Te 8y ¢°( + [10s popuowre jsodwodruion 01y sodwodnuion + [013u0d O,
f,_BY UBINJOQILd "I'e BY (°G + [ [I0S PazI[II9f ST I, BY UBINJOqIed ‘1€ 3Y O] + [10S pazi[nia) L1 f,_BY UBINJOQED ‘T'® T 7'() + [IOS PIZII}S) O, SISZI[I}I) + [01U0D ST,
‘| By UBINJOQIRD T'® 8y ('S -+ [10S [eanjeu ‘v ‘| _BY UBINJOQIRd T'® 8Y 0'1 + [10S [eIMBU T 1 BY UBINOQIED ‘TR SY 7'() + [10S [RINjRU L {(JONU0D) [I0S [eInjeu ‘! [, :9)0N

€50°0 690°0 $S0°0 W00 801°0 811°0 090°0 (%S$) As1

88°0 811 w7 0z'1 0S°1 YL SPl 68°0 UBIN

¥Tr0 €Il 1870 €01 v0'1 901 LE] 0S°1 €¢'l 68°0 ar

1€5°0 1€°1 060 8T'1 LT 621 SS'1 S8l 0S'1 68°0 tny

869°0 LE1 86°0 S¢'l LET 43| S9'1 261 SS'l 68°0 oL

S6L°0 171 780 LO'T 0T'1 SI'l A 0L'1 Wl 680 °L

L¥0°0 980°0 o 890°0 160°0 LST0 880°0 (%$) asT

76570 TEL0 80 0260 8T'1 A 0TIl 0S°0 UBIN

620 SI18°0 0S°0 L9°0 690 080 011 0Tl 90°1 050 81

SIS0 $66°0 €9°0 080 68°0 L60 SP'l LST STl 0S°0 LL

019°0 0€0°1 L9°0 780 $6°0 201 Ss'l 651 611 050 °L

S8Y°0 198°0 LS0 £90°0 9L°0 68°0 ¥0°1 1 801 0S°0 ‘L

$80°0 0z1°0 S$0°0 W00 850°0 #8070 €500 (%$) asT

$9°0 06°0 701 60'1 Wl 09°1 9¢'T 0L°0 UBIN

60€°0 00'T ¥$°0 080 ¥8°0 86°0 €¢l vl 0¢'1 0L°0 "L

€570 €Il L0 L60 60'1 €Il A 99°] 6€°1 0L°0 €L

TS0 611 vL0 660 Tl 0T'1 4S8 081 A 0L°0 L

Y670 90'1 £€90°0 #8070 10°1 90'1 LET ¥S'1 €¢l 0L°0 'L

(%$) AsT UBSIN 0TI 06 09 0€ S1 01 S 0 SuoU B,
skeq

(os | _8 | _Kep 4d L 37) L11anoe aseudsorpAyaQg

"SUOTIIPUOD P[AY JOPUN S[BAISIUT W} JUISPIP 1€ ISOdWOOIULIOA PUR SIOZI[T}IAJ

)M papudIE pue dUOTE [10s Ul (Jlos |3 | _Aep (Jd.L) uozeuroy [Kudydir], §1) A11Anor aseu030IpAYdP UO URINOQILD JO SISOP JUAIQYIP JO 199PH "¢ [qRL

1



R.P. Singh et al.

1356

‘| By ueInjoqIed ‘e 8 (' + [10S popudwE JsOdWOdIULIoA
L ¢ _®Y ueInjoqied T'e 3 0’1 + [ros papuowe jsodwooruion Iy ‘| _BY ueInjogreds ‘e 3 7°0 + [1os papuowe jsodwooruron 01 sodwodruIon + [01U0d 6]
f, _BY UBINJOQIED TR BY (G + [ [I0S PAZI[NIQJ *ST, 1| Bl URINJOQIED "I "B BY ([ + [I0S PAZI[II0) L[, ¢ _BY URINJOQED T 8Y 7'() + [0S POZI[II9) ¥, SIOZI[IIOJ + [0NU0D €,

‘| _BY URINJOQILD T'® 3 (0°G + [10s [eanjeu ‘v ‘| _BY UBINJOQILD T'® 8 '] + [10s [eanjeu ‘€ ‘| _BY UBINJOQILD 'T'® 3Y 70 + [10s [eaneu T {(JO1UOD) [10S [eInjRU ‘1] :9JON

106°0 01T SLO'T 080T 0€0°T 0601 0€T'T (%$) AsT
65°€S S0€L 96°98 SL001 ¥6°L91 18°C€1 0S°€T1 89°18 UBIN
0€0°1 L1°S6 SANS €L°59 9¢°GL STH6 00091 00°0CT T6°ETT 89°T8 ar
0LT'1 €€°501 A 6CT°SL $9°16 60°S01 00691 0S°LET 00°8C1 89°18 tny
0001 8601 05°9¢ 88°8L €L°S6 L1901 LS'8LT STopI 0S°0€1 8918 oL
098°0 €5°001 L6°TS 0€°CL 0S°€8 0S°L6 0Tt91 0S°LT1 09°¥C1 89°18 °L
TIgT €L8°0 091°1 0zL'T 086°0 009°T 0101 (%$) asT
L6 1Y 68°6V LT'S9 0b'68 8L 91 89°011 75°€8 96°69 UBIN
06T1 8T'6L $8°6¢ 61°0S L9t 00°08 00 b1 00°501 ¥9°08 96°69 8L
01C1 TLEs 08°Ty 6L°0S 17°L9 00°06 00°0S1 SLEIT T€°68 96°69 ‘L
0TI'T 66'98 0t'St 16°¢S €7°89 60°6 1+°LST 00° 121 7688 96°69 °L
09¢°1 SI'LL $8°6€ 1Sy 0019 16768 1L°6€1 00°€01 08°9L 96°69 ‘L
8780 01T Y1L°0 9LL°0 916°0 0zL'T 01 (%$) asT
LS°0S LT°€9 $8'89 20°56 YL YST 0$°6T1 85°86 09°8L UBIN
01¢'T 79°88 WLy 0609 09°59 0016 00°0ST 00°0CT 0$°56 09°8L "L
996°0 0826 9IS ¥6°€9 LTOL $T96 Y1 LST 00°6T1 0866 09°8L €L
vL6°0 956 L6'TS €LS9 0¢ 1L 0S°L6 757651 00°LE1 01°101 09°8L ‘L
LLS0 7906 SP0S v1°29 €7°89 ¥€°56 0€°ZS1 00°0T1 6°L6 09°8L 'L
(%$) as1 UBIN 0TI 06 09 0¢ S1 01 S 0 SIuOUW) B,
skeq
(ros Jo | _8 | _y dNd 37) Ananoe asejeydsoyd sureyy

1—

"SUOTIIPUOD P[AY JOPUN S[BAIIUI W) JUIIPIP B }SOdWOINUIIoA PUR SIIZI[IIIY) M
OpUSWIE S[IOS pU® dUOL [0S Ul ([10S . 3 ouoaydonru-d 81) Ay1anoe aseyeydsoyd aureye uo urINjoqred JO SISOP JUIJIP JO 109 v o[qe
pep [tos p el r(ros 1—U (dNd) [ouay I IAL gasoy ey joq.res j P PP J P ¥ 2IqeL



1357

Archives of Agronomy and Soil Science

1—

'Y UBINJOQILd ‘1€ §Y (°G + [10S papudwe 1s0dwooIuLIoA

L ¢ _®Y ueInjoqied T'e 3 0’1 + [ros papuowe jsodwooruion Iy ‘| _BY ueInjogreds ‘e 3 7°0 + [1os papuowe jsodwooruron 01 sodwodruIon + [01U0d 6]
f, _BY UBINJOQIED TR BY (G + [ [I0S PAZI[NIQJ *ST, 1| Bl URINJOQIED "I "B BY ([ + [I0S PAZI[II0) L[, ¢ _BY URINJOQED T 8Y 7'() + [0S POZI[II9) ¥, SIOZI[IIOJ + [0NU0D €,

[

¢ By ueINjoqied ‘1T 3 ()'G + [10S [RINJRU ‘P ‘| _BY UBINJOQILD T'® 8 '] + [10s [eanjeu ‘€ ‘| _BY UBINJOQILD 'T'® 3Y 70 + [10s [eaneu T {(JO1UOD) [10S [eInjRU ‘1] :9JON

0€TT 0TI'1 0z¢'T 091 0S¢'T LT9°0 0501 (%$) AsT
12°9¢ 98°GY L9°€9 €I'8L 96°LT1 1€°66 €9 TLes UBIN
0€T'T W9 8L'TE £9°0F €€'8S 18°€L SLETT ST'16 91°09 TLEs ar
€76°0 YTTL 8Y°LE 0T'LYy LY'S9 11°€8 00°0€1 00°56 76'S9 TLes tny
900°T v1°SL 08°0F 86'1S 09°69 98°9L 9L°6€1 ST'101 0T°L9 TLes oL
8Pl 65769 18°%¢€ 99°¢Y 0€°19 vL8L 9L.°9T1 SL€6 009 TLes °L
vl 0€€’1 0260 0101 0€0°T 86L°0 09T'1 (%$) asT
00°6C LSYE 891 €0°9$ 6°66 98°08 SIS 60°6¢ UBIN
LL8O 9L°0S vL°9T 00°ST 0S50S ov'1S L9798 SL8L 00°8¥ 60°6¢ 8L
71670 65°LS LLOE S8LE 91°6S 09°65 06201 09°18 9L°¢S 60°6¢ LL
20T €0°09 LLOE £9°6¢ 75°6S 09°6S 08+T11 0$°C8 (%S 60°6¢€ °L
801 Sa%S YLLT 08°6¢ LS°€S 5°¢S ¥€°66 79°08 26°6Y 60°6¢ ‘L
S¥S0 8T'1 60'1 06’1 6€1 0TT'1 108°0 (%$) asT
98°C¢ 81°8¢ 6TYS 8L°19 88°CIT 09°C8 179 ST UBIN
LTT 88°9¢ LT 0€ L9°T€ 178 I'LS L1901 09°08 ¥T'8S €S "L
LT 079 65°€¢ £9°0F ¥$°9¢ L6°€9 08t11 0$°€8 0L°€9 €S €L
Za! $8°€9 1€°6¢ 18T €L'LS L6°€9 L1611 0€8 00°59 €S Th L
00'1 £9°09 67T v9°LE 0LvS 8L°19 v 111 00Z8 0L°29 €SP 'L
(%$) AsT UBI 0TI 06 09 0¢ Sl 01 S 0 SuoU B,
skeq
(os jo | _3 | _y dNd 31) £Kianoe asereydsoyd poy

1—

‘SUONIPUOD P[AY IopuUN S[BAIAIUI QW] JUAIPIP 18 ISOdWOITULIIA
puUE SIOZI[IAJ Y)M PIPUIWIE [I0S pUL dUOJE [10s UI (Ios | T |y dNd 57) L11anoe ssejeydsoyd proe uo ueInjoqied jo sasop JudIdPIP Jjo 1990d 'S d[qeL



1358 R.P. Singh et al.

Table 6. Relative increment (C/Cy) of dehydrogenase activity at z,,,, (10 days) at varying
doses of Carbofuran with respect to control.

Dehydrogenase activity

Treatment to tmax (10 days) Relative increment C/C,
T, 0.70 1.54 2.20
T, 0.70 1.80 2.57
T; 0.70 1.66 2.37
Ty 0.70 1.43 2.04
Ts 0.50 1.41 2.82
Ts 0.50 1.59 3.18
T, 0.50 1.57 3.14
Ts 0.50 1.20 2.40
To 0.89 1.70 1.91
Tio 0.89 1.92 2.16
T 0.89 1.85 2.08
T 0.89 1.50 1.69

Note: T, natural soil (control); T,, natural soil 4+ 0.2 kg a.i. carbofuran ha~'; Ts, natural soil + 1.0 kg
a.i. carbofuran ha™'; T, natural soil + 5.0 kg a.i. carbofuran ha~'; Ts, control + fertilizers; Tg, fertilized
soil + 0.2 kg a.i. cabofuran ha~'; T, fertilized soil + 1.0 kg a. i. carbofuran ha~'; Ty, fertilized soil
1 4 5.0 kg a.i. carbofuran ha~"; Ty, control + vermicompost; T o, vermicompost amended soil 4 0.2 kg
a.i. carbofuran ha~'; T}, vermicompost amended soil + 1.0 kg a.i. carbofuran ha~'; T,,, vermicompost
amended soil 4+ 5.0 kg a.i. carbofuran ha~".

The higher FDAH activity in vermicompost-amended soil in comparison with
unamended soil (Table 2) can be ascribed to the fact that the addition of
vermicompost causes an increase in the amount of hydrolytic enzyme associated with
exogenous microorganisms grown during the vermicomposting process. This is in
agreement with the work of Perucci (1992), Garcia-Gil et al. (2000), Perucci et al.
(2000), Ros et al. (2003), Crecchio et al. (2004), Bastida et al. (2008), Sanchez-
Monedero et al. (2008) and Iovieno et al. (2009) who reported that the organic
amendment of soils increases enzymatic activities. The decrease in FDAH activity in
fertilizer-amended soil relative to unamended soil (Table 2) is also in agreement with
the work of Iovieno et al. (2009) who reported the effect of organic and mineral
fertilizers on respiration and enzymatic activities in two Mediterranean horticultural
soils.

A significant increase in dehydrogenase activity at the lower (0.20 kg. a.i. ha™")
carbofuran dose might be attributed to the use of carbofuran as a source of electrons
and energy by soil enzymes/microorganisms. The results are in accordance with the
work of Accinelli et al. (2002) and Gundi et al. (2005) who reported the effects of
formulated herbicides and insecticides on microbial population, biomass and
dehydrogenase activity in soils. A significant decrease in dehydrogenase activity at
the higher (5.0 kg a.i. ha™') carbofuran dose is due to the inhibitory effect of
carbofuran on soil microorganisms. These findings support earlier studies (Dzantor
and Felsot 1991; Perucci and Scarponi 1994; Stepniewska et al. 2007) of the effect of
glyphosate, imazethapyr and fonofos on the reduction of dehydrogenase activity in
soils.

A significant increase in dehydrogenase activity was observed up to 15 days, but
the most significant increase was observed at 10 days, thereafter, activity generally
declined up to the end of the experiment in all the cases (Table 3). This might be due
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Figure 1. Effect of varying doses of carbofuran on growth parameters: (a) shoot length, (b)
root length, (c) shoot dry weight, and (d) root dry weight of tomato plants in natural soil and
soil amended with fertilizers and vermicompos.

to the presence of a number of carbofuran degraders in the rhizosphere soil, leading
to rapid degradation of carbofuran in the soil (Plangklang and Reunsang 2008).

Maximum dehydrogenase activity was observed in vermicompost-amended soil
followed by unamended and fertilizer-amended soil (Table 3). The increase in
dehydrogenase activity in vermicompost-amended soil relative to unamended soil is,
perhaps, because addition of vermicompost increases soil organic matter content,
which can supply available energy. The increase in organic matter content by
addition of vermicompost accelerates the growth of microorganisms and enzyme cell
multiplication, which improve enzyme composition and activity (Luo and Sun 1994;
Li et al. 2000). Dick et al. (1988) also reported that the application of organic manure
increases soil enzymatic activity and microbial biomass.

A significant decrease in dehydrogenase activity (Table 3) in fertilized soil
compared with unamended (control) soil is due to the fact that dehydrogenase
activity is highly sensitive to the inhibitory effects associated with larger amount of
fertilizers. Kukreja et al. (1991) reported that dehydrogenase activity was lower in
treatments receiving inorganic N, which is attributed to the presence of NO;~ and
NO, ™ that serve as alternate electron acceptors; NO3~ and NO, ™ are obviously
formed on the transformation of urea in soil. Similar results were reported by
Marinari et al. (2000) who studied the influence of organic and mineral fertilizers on
soil biological and physical properties.

A significant increase in both acid and alkaline phosphatase activities up to
1.0 kg a.i. ha~! carbofuran (Tables 4 and 5) relative to control (T, Ts and Ty) may
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be because carbofuran significantly delayed the release of p-nitrophenol from p-
nitrophenyl phosphate substrate, compared with carbofuran-free soil (control). At
the higher (5.0 kg a.i. ha™') dose of carbofuran both acid and alkaline phosphatase
activities were significantly lowered in all cases relative to carbofuran-free soil; this is
attributed to the release of orthophosphates from lysed cells, which may act as a
competitive inhibitor of phosphatases in soils (Tabatabai 1994). The inhibitory
influence of herbicide triflurotox 250 EC on soil phosphatase activity was also shown
by Nowak et al. (2000). These results are in partial agreement with the work of Omar
and Abdel-Sater (2001) and Wyszkowska and Kucharski (2004) who reported that
phoshatase activities increased at a lower rate of pesticide application and decreased
at a higher rate.

Increase in both phosphatase activities in vermicompost-amended soil (Tables 4
and 5) in comparison with unamended and fertilizer-amended soils can be, perhaps,
explained by the fact that soil microorganisms degrade organic matter through the
production of diverse extracellular enzymes after application of vermicompost to
soil. Arancon et al. (2006), Ferreras et al. (2006) and Tejada and Gonzalez (2009)
have shown an increase in enzymatic activities after addition of different
vermicomposts to soil. Similar results were reported by Goyal et al. (1999) who
reported that the incorporation of organic amendments to soil influences soil
enzymatic activity. The added vermicompost may contain intra- and extracellular
enzymes, which stimulate microbial activity in soil. The lowered acid and alkaline
phosphatase activities in fertilizer-amended soil are in line with the work of Chang
et al. (2007) who reported that both phosphatase activities of compost-treated soil
were significantly higher than those in fertilizer-treated soil.

The normalized data suggest that for dehydrogenase activity, the initial
increment (C/Cy) in the enzyme activity over time was highest for 0.2 kg a.i. ha ™'
carbofuran (Table 6). This may be due to the utilization of carbofuran by
microorganisms as a carbon source. This can be understood by the fact that some
carbofuran-degrading bacteria are methylotropic organisms capable of hydrolysing
carbofuran and utilizing methylamine as a sole source of C for growth (Hanson and
Hanson 1996). This result can be related to previous findings (Turco and Konopka
1990; Sakata et al. 1992; Das and Mukherjee 2000) reporting the utilization of
insecticides and their degradation products for deriving energy and nutrients for
microorganism growth and development.

In the natural, fertilizer- and vermicompost-amended soils, the initial increments
(C/Cy) were generally the same for all enzymatic activities, except dehydrogenase
activity (Tables 6). The initial increments for dehydrogenase activity (Table 6) were
highest in fertilizer-amended soils. Dehydrogenase activity in fertilizer-amended soil
was lower at the start of experiment because of the inhibitory effects of nitrogenous
fertilizers (Laud and Paul 1973). As time progressed, nitrogenous fertilizers either
degraded or were taken up by the plants; hence there was an abrupt increase in
dehydrogenase activity, which led to highest C/C, values.

Growth of plants

The increase in plant growth up to 1.0 kg a.i. ha ' carbofuran in all systems may be
due to the fact that carbofuran increases ammonification and decomposition of
organic matter in soils (Das and Mukherjee 1998). The maximum increase in plant
growth at 0.2 kg a.i. ha~' carbofuran may be because carbofuran increases the
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enzymatic activities to a maximum at this dose, which adds to the fertility of soil
(Tables 2-5). The higher growth of plants in all carbofuran treatments in fertilized
soil relative to unamended and vermicompost-amended soil may be because NPK
fertilizers supply higher amounts of nutrients (not reported). The decrease in plant
growth parameters in vermicompost-amended soil relative to fertilized soil is
attributed to slow release of NPK (Makinde and Ayoola 2010).

Simple correlation analysis was undertaken to compare the activities of FDAH,
dehydrogenase, acid and alkaline phosphatase activities with plant growth
parameters. The analysis gave rise to correlation coefficients ranging from 0.150 to
0.296. These values showed positive correlations between enzymatic activity and
plant growth parameters, but were not sufficiently high to establish straightforward
relationships between plant growth parameters and enzymatic activities.

Conclusions

Studies on the effect of carbofuran on enzymatic activities suggest that the use of
carbofuran at 0.2 and 1 kg a.i. ha~!, alone or in co-application with inorganic
fertilizers and vermicompost is recommended for long-term soil fertility and crop
productivity. This study also reveals that pesticides along with other agricultural
inputs, in addition to their role in increasing agricultural outcome, may alter soil
fertility. Thus, this study emphasizes the fact that the effect of pesticides on soil
microbial activities should be evaluated before they are recommended for
agricultural use.

References

Accinelli C, Screpanti C, Dinelli G, Vicari A. 2002. Short time effects of pure and formulated
herbicides on soil microbial activity and biomass. Int J Environ Anal Chem. 82(8-9):519—
527.

Adam G, Duncan H. 2001. Development of a sensitive and rapid method for the measurement
of total microbial activity using fluorescein diacetate (FDA) in a range of soils. Soil Biol
Biochem. 33(7-8):943-951.

Anderson JPE, Armstrong RA, Smith SN. 1981. Methods to evaluate pesticide damage to the
biomass of the soil microflora. Soil Biol Biochem. 13(2):149-153.

Arancon NQ, Edwards CA, Bierman P. 2006. Influence of vermicompost on field strawberries:
part 2. Effects on soil microbiological and chemical properties. Bioresource Technol.
97(6):831-840.

Araujo ASF, Monteiro RTR, Abarkeli RB. 2003. Effect of glyphosate on the microbial
activity of two Brazilian soils. Chemosphere. 52(5):799-804.

Bastida F, Kandeler E, Moreno JL, Ros M, Garcia C, Hernandez T. 2008. Application of
fresh and composted organic wastes modifies structure, size and activity of soil microbial
community under semiarid climate. Appl Soil Ecol. 40(2):318-329.

Bendick AK, Dick RP. 1999. Field management effects on soil enzyme activities. Soil Biol
Biochem. 31(11):1471-1479.

Cacers TP, Megharaj M, Naidu R. 2009. Effect of insecticide fenamiphos on soil microbial
activities in Australian and Ecuadorian soils. J Environ Sci Health B. 44(1):13-17.

Casida LE, Klein DA, Santoro T. 1964. Soil dehydrogenase activity. Soil Sci. 98(3):371-376.

Chang EH, Chung RS, Tsai YH. 2007. Effect of different application rates of organic
fertilizers on soil enzyme activity and microbial population. Soil Sci Plant Nutr. 53(2):132—
140.

Chen SK, Edwards CA, Subler S. 2001. Effects of the fungicides benomyl, captan and
chlorothalonil on soil microbial activity and nitrogen dynamics in laboratory incubations.
Soil Biol Biochem. 33(14):1971-1980.



1362 R.P. Singh et al.

Cladwell BA. 2005. Enzyme activities as a component of soil biodiversity: a review.
Pedeobiology. 49(6):637-644.

Crecchio C, Curci M, Pizzigalo MDR, Ricciuti P, Ruggiero P. 2004. Efffect of municipal soild
waste compost amendments on soil enzyme activities and bacterial genetic diversity. Soil
Biol Biochem. 36(10):1595-1605.

Das AC, Mukherjee D. 1998. Persistence of phorate and carbofuran in relation to their effect
on the mineralization of C, N, and P in alluvial soil. Bull Environ Contam Toxicol.
61(6):709-715.

Das AC, Mukherjee D. 2000. Soil application of insecticides influences microorganisms and
plant nutrients. Appl Soil Ecol. 14(1):55-62.

Das P, Pal R, Chowdhury A. 2008. Effect of novaluron on microbial biomass, respiration and
fluorescein diacetate hydrolyzing activity in tropical soils. Biol Fertil Soil. 44(2):397-391.

Dayal RS, Hendricks SB. 1950. Surface measurements for ethylene glycol retention of clays
and its application to potassium fixation. Transactions of the 4th International Soil
Science Congress 2:71-74.

Delgado-Moreno L, Pena A. 2009. Compost and vermicompost of olive cake to bioremediate
triazines contaminated soil. Sci Total Environ. 407(5):1489-1495.

Dick RP. 1994. Soil enzyme activities as indicator of soil quality. In: Doran JW, Coleman DC,
Bezdicek DF, Stewart BA, editors. Defining soil quality for sustainable environment
special publication. SSSA Special pubication no. 35. Madison (WI): Soil Science Society of
America. p. 3-21.

Dick RP, Breakwell DP. 1996. Soil enzyme activities and biodiversity measurements as
integrative microbiological indicators. In: Doran JB, Jones AJ, editors. Methods for
assessing soil quality 9. Madison (WI): Soil Science Society of America. p. 9-17.

Dick RP, Rasmussen PE, Kerle EA. 1988. Influence of long-term residue management on soil
enzyme activity in relation to soil chemical properties of a wheat—fallow system. Biol Fertil
Soil. 6(2):159-164.

DiSanzo CP.. 1981. Effect of foliar application of carbofuran and related compounds on plant
parasitic nematode under green house and growth chamber conditions. J Nematol.
13(1):20-24.

Dzantor EK, Felsot AS. 1991. Microbial response to large concentration of herbicides in soil.
Environ Toxicol Chem. 10(5):649-655.

El-Banhawy EM, El-Borolossy MA, Afia SI. 1998. Effect of nematicide carbofuran on the
population development of the citrus parasitic nematode 7ylenchus semipenetrans and
predacious soil mites in citrus orchard under organic manure regime of fertilization. Anz
Schédlingsknd. 71(4):69-71.

Fernandez-Bayo JD, Nogales R, Romero E. 2009. Assessment of three vermicomposts as
organic amendements used to enhance diuron sorption in soils with low organic carbon
content. Eur J Soil Sci. 60(6):935-944.

Ferreras L, Gomez S, Toresani S, Firpo I, Rotondo R. 2006. Effect of organic amendments on
some physical, chemical and biological properties in a horticultural soil. Bioresource
Technol. 97(4):635-640.

Ganguli AK. 1951. Base exchange capacity of silica and silicate minerals. J Phy Coll Chem.
55(9):1417-1421.

Garcia-Gil JC, Plaza C, Soler-Rovira P, Polo A. 2000. Long term effects of municipal solid
waste compost application on soil enzyme activities and microbial biomass. Soil Biol
Biochem. 32(13):1907-1913.

Goyal S, Chander K, Mundra MC, Kapoor KK. 1999. Influence of inorganic fertilizers and
organic amendments on soil organic matter and soil microbial properties under tropical
conditions. Biol Fertil Soil. 29(2):196-200.

Gundi VA, Narsimha G, Reddy BR. 2005. Interaction effects of insecticides on microbial
population and dehydrogenase activity in a black clay soil. J Environ Sci Health B.
40(2):269-283.

Hanson RS, Hanson TE. 1996. Methanotrophic bacteria. Microb Rev. 60(2):439-471.

Tovieno P, Morra L, Leone A, Pagano L, Alfani A. 2009. Effect of organic and mineral
fertilizers on soil respiration and enzyme activities of two Mediterranean horticultural
soils. Biol Fertil Soil. 45(5):555-561.

Jackson ML. 1958. Soil chemical analysis. Englewood Cliffs (NJ): Prentice Hall.



Archives of Agronomy and Soil Science 1363

Jastrzebska E, Kucharski J. 2007. Dehydrogenase, urease and phosphatase activities of soil
contaminated with fungicides. Plant Soil Environ. 53(2):51-57.

Jia JW, Nie JH, Li XH, Song FD, Sang WM. 2001. Study on the relationship between the soil
physical-chemical properties and soil enzymatic activities of plastic greenhouse. J
Snandong Agr Univ (Nat Sci). 32(4):427-432.

Kalam A, Mukherjee AK. 2001. Influence of hexaconazole, carbofuran and ethion on soil
microflora and dehydrogenase activities in soil and intact cell. Ind J Exp Biol. 39(1):90-94.

Kale SP, Raghu K. 1990. Effects of carbofuran on soil phosphatase and aryl sulfatase
activities. J Environ Biol. 11(1):1-5.

Kukreja K, Mishra MM Dhankar SS, Kapoor KK, Gupta AP. 1991. Effect of long term
manorial application on microbial biomass. J Ind Soc Soil Sci. 39(4):685-688.

Lal R, Lal S. 1988 Pesticides and nitrogen cycle II. Boca Raton (FL): CRC Press.

Lalfakzuala R, Kayang H, Dkhar MS. 2008.The effects of fertilizers on soil microbial
components and chemical properties under leguminous cultivation. Am Eurasian J Agr
Environ Sci. 3(3):314-324

Laud JN, Paul EA. 1973. Changes in enzymatic activity and distribution of acid-soluble,
amino acid-nitrogen in soil during nitrogen immobilization and mineralization. Soil Biol
Biochem. 5(6):825-840.

Li SQ, Ling L, Li, SX. 2000. Review on the factors affecting soil microbial biomass nitrogen.
Soil Environ Sci. 9(2):158-162.

Luo AC, Sun X. 1994. Effect of organic manure on the biological activities associated with
insoluble phosphorus release in a blue purple paddy soil. Comm Soil Sci Plant Anal.
25(13-14):2513-2522.

Makinde EA, Ayoola OT. 2010. Growth, yield and NPK uptake by maize with
complementary organic and inorganic fertilizers. Afr J Food Agr Nutr Dev. 10(3):2203—
2217.

Marinari S, Masciandaro G, Ceccanti B, Grego S. 2000. Influence of organic and mineral
fertilizers on soil biological and physical properties. Bioresource Technol. 72(1):9-17.
Martens DA, Jhonson JB, Frankenberger Jr WT. 1992. Production and persistence of soil

enzymes with repeated addition of organic residues. Soil Sci. 153(1):53-61.

Menon P, Gopal M, Prasad R. 2005. Effects of chlorpyrifos and quinalphos on dehydrogenase
activities and reduction of Fe** in the soils of two semi-arid fields of tropical India. Agr
Ecosyst Environ. 108(1):73-83.

Nowak J, Nowak A, Klodka D, Turos-Bier-Nacka M. 2000. Influence of combined and single
applications of herbicides and adjuvants on the activity of dehydrogenase and
phosphatase in soil. Z Planzenkr Pflanzensch. 17:769-774.

Omar SA, Abdel-Sater MA. 2001. Microbial population and enzyme activities in soil treated
with pesticides. Water Air Soil Pollut. 127(1-4):49-63.

Perucci P. 1992. Enzyme activity and microbial biomass in a field soil amended with municipal
refuse. Biol Fertil Soil. 14(1):54—60.

Perucci P, Dumontet S, Bufo SA, Mazzatura A, Casucci C. 2000. Effects of organic
amendments and herbicide treatment on soil microbial biomass. Biol Fertil Soil. 32(1):17—
23.

Perucci P, Scarponi L. 1994. Effects of the herbicide imazethpyr on soil microbial biomass and
various soil enzyme activities. Biol Fertil Soil. 17(3):237-240.

Piotrowska-Seget Z, Engel R, Nowak E, Kozdroj J. 2008. Successive soil treatments with
captan or oxytetracycline affects non-target organisms. World J Microbiol Biotech.
24(12):2843-2848.

Piper CS. 1950. Soil and plant analysis. Adelaide (Australia): University of Adelaide.

Plangklang P, Reunsang A, 2008. Effects of rhizosphere remediation and bioaugmentation on
carbofuran removal from soil. World J Microbiol Biotechnol. 24(7):983-989.

Rasool N, Reshi ZA. 2010. Effect of the fungicide mancozeb at different application rates
on enzyme activities in a silt loam soil of the Kashmir Himalaya. Trop Ecol. 51(2):199—
205.

Reddy GB, Faza A, Benett R. 1987. Activity of enzyme in rhizosphere and non rhizosphere
soils amended with sludge. Soil Biol Biochem. 19(2):203-205.

Rodell S, Funkee BR, Schulz JT. 1977. Effects of insecticides on acetylene reduction by
Azotobacter vinelandii and soybean nodules. Plant Soil. 47(2):375.



1364 R.P. Singh et al.

Ros M, Hernandez MT, Garcia C. 2003. Soil microbial activity after restoration of a semiarid
soil by organic amendments. Soil Biol Biochem. 35(3):463-469.

Sakata S, Mikami N, Yamada H. 1992. Degradation of pyrethroid optical isomers by soil
microorganisms. J Pestic Sci. 17(3):181-189.

Sanchez-Monedero MA, Mondini C, Cayuela ML, Roig A, Contin M, De Nobili M. 2008.
Fluorescein diacetate hydrolysis, respiration and microbial biomass in freshly amended
soils. Biol Fertil Soil. 44(6):885-890.

Simek M, Hopkins DW, Kalick J, Picek T, Santruckova H, Stana J, Travnik K. 1999.
Biological and chemical properties of arable soils affected by long term organic and
inorganic fertilizer applications. Biol Fertil Soil. 29(3):300-308.

Singh RP, Haq S, Saxena SK. 1986. Effect of carbofuran on the macronutrients of soil and
growth of tomato plants in presence of Meloidogyne incognita. Ind J Nematol. 16(1):36—
40.

Stepniewska Z, Wolinska A, Lipinska R. 2007. Effect of fonofos on soil dehydrogenase
activity. Int Agrophys. 21(1):101-105.

Sukul P. 2006. Enzymatic activities and microbial biomass in soil as influenced by metalaxyl
residue. Soil Biol Biochem. 38(2):320-326.

Tabatabai MA. 1994. Soil enzymes. In Weaver RW, Angel JS, Bottomley PS, editors.
Methods of soil analysis, part 2. Microbiological and biochemical properties. SSSA Book
Series No. 5. Madison (WI): Soil Science Society of America. p. 775-833.

Tabatabai MA, Bremner JM. 1969. Use of p-nitrophenol phosphate for assay of soil
phosphatase activity. Soil Biol Biochem. 1(4):301-307.

Tejada M, Gonzalez JL. 2009. Application of two vermicompost on a rice crop: effect on soil
biological properties and rice quality and yield. Agron J. 101 (2):336-344.

Turco RF, Konopka A. 1990. Biodegradation of carbofuran in enhanced and non enhanced
soils. Soil Biol Biochem. 22(2):195-201.

Walkley A, Black TA. 1947.A critical examination of a rapid method for determining organic
carbon in soils. Soil Sci. 63(4):251-254.

Winding A, Hund-Rinke K, Rutgers M. 2005. The use of microorganisms in ecological soil
classification and assessment concept. Ecotox Environ Safe. 62(2):230-248.

Wyszkowska J, Kucharski J. 2004. Biochemical and physicochemical properties of soil
contaminated with herbicide triflurotox 250 EC. Pol J Environ Stud. 13(2):223-231.

Yang YH, Yao J, Qi Y. 2000. Effects of agricultural chemicals on DNA sequence diversity of
soil microbial community: a study with RAPD marker. Microb Ecol. 39(1):72-79.

Zelles L, Scheunert I, Korte F. 1985. Side effect of some pesticides on non target soil
microorganisms. J Environ Sci Health B. 20(6):457-488.



