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ABSTRACT

The effects of lower field rate (LFR), field rate (FR) and higher field rate (HFR) applications of
carbofuran on ammonium (NHg)- nitrogen (N}, nitrate (NO3)-N), available phosphorus (P) and
available potassium (K) contents in natural and inorganic fertilizers and vermicompost amended
soils and growth of tomato plants were studied. The NH4—IN, NO;-N, available P and available K
contents increased up to FR but the most significant increase in was observed at LFR of
carbofuran application. At HFR there was a significant reduction in nutrients availability. With
passage of time all these parameters increase up to 30 days, thereafter, a decrease was observed
up to the end of the experiment in both unamended and amended soils. The higher plant growth
was observed at LFR of carbofu1:an application and at HFR the plants exhibited phytotoxicity in
the form of marginal leaf scorching in both systems. The morphological growth parameters of

tomato plants were positively correlated with nutrients availability.

Keywords: Ammonical-nitrogen; Carbofuran; Inorganic fertilizers; Nitrate-nitrogen:

Phosphorus; Potassium; Soil; Vermicompost
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ABSTRACT

The effects of lower field rate (LFR), field rate (FR) and higher field rate (HFR)
applications of carbofuran on (NHN), (NO3-N), available P and available K contents in
natural and inorganic fertilizers and vermicompost amended soils and growth of tomato
plants were studied. The (NHN), (NO:;-N), available P and available K contents

increased up to FR but the most significant increase in was observed at LFR of

carbofuran application. At HFR there was a significant reduction in nutrients

availability. With passage of time all these parameters increases up to 30 days thereafter
a decrease was observed up to the end of the experiment both in unamended and
amended soils.. The higher plant growth was observed at LFR of carbofuran application
and at HFR the plants exhibited phytotoxicity in the form of marginal leaf scorching in
both systems. The morphological growth parameters of tomaro plants were positively

correlated with nutrients availability,

Keywords: Ammonical-nitrogen; Carbofuran; Inorganic fertilizers; Nitrate-nitrogen:
Phosphorus; Potassium; Soil; Vermicompost

Introduction

Pesticides, inorganic fertilizers, composts and vermicompost are widely used by farmers
in India for maximizing the agricultural production. Pesticides are used for controlling
pests, insects, diseases, weeds, nematodes ete, inorganic fertilizers and vermicompost as a
major source of plant nutrients. When these agrochemicals comes in the contact of soils
they influence physico-chemical and biochemical properties of the soils which influences
the growth and activity of soil microoranisms which are largely responsible for the
maintenance of soil fertility and growth of plants. Several researchers (Marsh 1985; Das
and Mukerjee 1994, 1999; Orozco et al. 1996; Sainz, Taboada and Vilarino. 1998;
Odoemena 2005; Sardar and Kole 2005; Fedrico et al. 2007; Ouda and Mahadeen 2008;
Ogbomo and Remison 2009; Onwudike 2010, Singh et al. 2010 and Agele, Adeyemo
and Famuwagun 2011) have studied the effects of certain pesﬁcic{es, inorganic fertilizers

and vermicompost on the availability of macro and micronutrients in soils and their
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uptake by plants. Since nutrients availability has a profound influence on crop preduction
and the vse of carbamate pesticides is finding increasing.applicatibn in agriculture as a
replacement of more environmentally persistent organochlorine and organophosphborus
containing pesticides.

Carbofuran (2,3- dihydro-2,2 dimethylbenzofuran- 7- yl methyl carbamate) is

non-ionic, systemic, broad spectrum insecticide/nematicide widely used in India and

other countries for the control of insects and nematode on contact or after ingestion
(EPA 2006). Considerable literature exists on the effect of carbofuran on the availability
of macro and micronutrients in soils and growth of tomato plante - L uatode infected
soils (Singh and Saxena 1985; Singh, Saxena and Khan. 1985; Singh, Haq and Saxena.
1986; Das and Mukerjee 1994, 1998). But information pertaining to effect of carbofuran
on the nutrients availability and growth of tomato plants in fertilized and vermicompost
amended soil is not available in literature.

Hence, in the present investigation an attempt has been made to determine the
effect of low field rate (LFR, 0.20 kg a.i. ha"), field rate (FR, 1.0 kg a.i. ha’ ), and
higher field rate (HFR, 5.0 kg ai. ha') application of carbofuran on the growth of
tomato plants and on ammonical-nitrogen (NHy —N), nitrate-nitrogen (NQ3-N), available
P and available K contents at different time intervals in natural, inorganic fertilizers and

vermicompost amended soils.

Materials and Methods
Soil and chemicals

An alluvial sandy loam soil used for these studies was sampled upto a depth of O-
15 cm from village Rehmapur in the district Aligarh (U.P.) India. Geographically,
Aligarh is located between 27.88° N and 78.08E at an average elevation of 178 m above
sea level. A composite soil sample was prepared from eight sub-sampled covering the
entire field. Collected soil was, air dried, crushed and sieved through 2 mm sieve and
stored in polythene bags. The mechanical composition (% sand, % silt and % clay) of the
soil was estimated by the methods proposed by (Piper 1950). The pH in 1: 2.5 soil water
samples, percentage of CaCO; content and bulk density were determined by the methods
given by (Jackson 1958). The percentage of organic carbon / organic matter content,

cation exchange capacity (CEC) and surface area of the soil determined by the methods
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proposed by Walkley and Black (1947) Ganguli {1951) and Dayal and Hendricks (1950) -

respectively, and the values obtained 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 (500ug mi™') was prepared by
dissolving requisite amount of carbofuran in acetone.

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

Vermicompost was obtained from Dangas Vermi Biotech Pvt. Ltd., Aligarh, India,
and was prepared by cowdung with epigeic earthworms (Eisenia foetida). Composition of
vermicompost include % OC=11.5,%N=1.5, %P =18, and % K=2.0.

All other chemical and reagents were of A.R. grade and obtained from E. Merck and
CDH Chemicals Ltd. India.

To study the effect of chemical fertilizers and vermicompost, the soil was amended
with urea, DAP, MOP, (@ N:P:K, 90:60:60 kg ha') and vermicompost (@ 3.0 tons hahy,
respectively,

A pot experiment was conducted in green house conditions (Average temperature
21°%C day and 12°C night, Relative humidity ‘60-68) at Botany department, Aligarh
Muslim University, Aligarh, India during October 2009 to February 2010 to study the
effect of varying application rates of carbofuran on pH, organic carbon contents,
amnmonical nitrogen (NHs—N), nitrate nitrogen (NO3-N), available P and K contents in
soil alone and inorganic fertilizers and vermicompost amended soils. For these studies,
thirty six pots were used, out of these 12 pots were filled with 5 kg of natural soil
(unamended) and 12 pots with 5 kg of fertilized soil and tho:cumning 2 pots were
filled with 5 kg vermicompost amendsd soil. Carbofuran was applied at three levels ie.
low field rate (LFR, 0.20 kg a.i. ha'"), field rate (FR, 1.0 kg a.i. ha') and higher field rates
(HFR, 5.0 kg ai. ha") to natural and fertilizers and vermicompost ainended soils using
5 ml acetone assuming 2 x10° kg soil ha™ to a depth of 15 cm (bulk density 1.33 g cm™).
The soil samples untreated with carbofuran were also processed in the similar way by
adding only 3 ml acetone. The details of the treatments are as follows:

Ty (natural soil (Control)

Page 4 of
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T, (natural soil + 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)

Ts (fertilized soil + 0.2 kg a. i. cabofuran ha™)

Ty (fertilized soil + 1.0 kg a. i. carbofuran ha™)

Ts (fertilized soil 1 + 5.0 kg a. i. carbofuran ha'")

Ts (Control + Vermicompost)

Ty (vermicompost amended soil + 0.2 kg a. i. carbofuran hat)
Ty, (vermicompost amended soil + 1.0 kg a. i. carbofuran ha™)
Ti» (vermicompost amended soil + 5.0 ke a. i. carbofuran ha™)
All the freatments including control were replicated thrice.

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

Soil samples were drawn from the pots at different time (0, 15, 30, 60, 90, and
120 days) intervals and dried at room temperature and in air dried soil samples {(NHs-N),
(N0 —N), and available P and available K contents were determined by using the
methods proposed by Kearney and Nelson (1982), Olsen’s (1952) and Hanway and
Heidel (1952) respectively.

After 120 days the whole plants were uprooted from the pots and the roots were kept
intact by carefully washing away the soil with tap water and brought to laboratory for biometric
observations. The soil free plants rinsed with 0.1N HCI and finally with distilted water and dried
with bloting sheet. The roots of each plant was separated from the shoots and different
morphological parameters such as plant height (shoot length), root Jength, shoot dry weight, root

dry weight, leaf area and shoot periphery were determined after harvesting the crop.
Statistical Analysis

The data on the effect of varying application rates of carbofuran on (NH,-N), (NO;
—Nj, available P and available K contents in natural, fertilizers and vermicompost amended

soils was subjected to analysis of variance (ANOVA) and mean comparison was done
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7

using the least significant difference (LSD) test at P < 0.05. Simple correlation énalysis
was performed to correlate (NH-N), (NO3-N), available P and available K contents With
plant growth parameters by Pearson’s Correlation Test. In all cases, statistical analyses

were performed with the software package SPSS 11.0 for Wmdows

RESULTS AND DISCUSSION
The effect of the different appl;s.ation rates of cafbofuran on (NH;;—.N'),‘ (NOs-N),

available P and available K contents in natural, fertilizers and vermicompost amended
soils at different time intervals is given in Tables 2-5. Each point in the tables represents
the mean of three observations recorded at different time intez;va]s after application of
with low, recommended and high field rates of cax.jbc;furz_m, An analysis of variance was
made on all data and L.S.D. values ‘were calculated using the value of ‘t’"at 5% level of
significance. ' | ' _ | _

An examnation of data presented in Table 2-5 reveals that immediately after
treatment of soil with inorganic ferti!i.zers and vermicompost, the higher amount of (NH4
—N), (NO; —N), available P and available K contents were observed in (T5)._'and (Ty)
compared to (T} and follows thé order as: (Ts) > {To)> (T;). The r_alative percentages of
mmcrements of (NmrN), (NO3—N), available P and available K, reachgd- 24.56%,
24.34%, 6.7% and 25.8% in (TS) and 20.53% % ,15,3%, 6.41% and 8.6% in {Ty)
compared ‘With (T, respéctively. With passage of time a significant increase in {(NHj —
N), (NO; -N), available P and available K was observed at 30 days and thereafier they
declined up to the er;_d of the experiment in all the cases. The increase in NH,"-N and
NOs -N content in (T5) may be due to the hydrolysis of urea added to it and in (Ty) is due
to the increuse in microbial population and N;content due to the added fazmicofnpost.
The results are in accordance with the work of (Gupta énd Narwal 1988) and {Imagawa et
al. 1989) who studied the accumulation of carbon in soil brought out by application of rice
straw and its effect on properties and prodqx.:tivity of mineral upland soil. ‘

The increase in available P content in (Ts} and (Ts) compared to (T;) may be
attributed to the direct application of P as well as-solubilization of native P, thréugh the
rélease of various organic acids and incorporation of organic manure. The increase in
available K content in (Ts) and (To) may be due.to the direct addition of K in the form of

muriate of potash and vermicompost in seil.
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In response to the varying application rates of carbofuran (LFR, FR and HFR), a
significant increase in {NHs—N), (NO;—N), available P and available K'contents was
observed up to the FR but the most significant increase was observed at LFR
Tables 2-5, followed by a decrease at HFR of carbofuran, both in unamended and
amended soils with inorganic fertilizers and vermicompost. There was no material effect
of carbofuran application rates immediately on the amount of NH; -N, NO3 ~N, avaﬁable
P and available K contents but with passage of time these parameters increased up to 30
days and there after a steady decline was observed up to 120 days in all'thc tratments.
The increase in (NH;—N) and (NO:-N) contents Table 2-3 up to the FR of carbofuran in
(T2, T3), (T, T7) and (Ty6,T1¢) soils may be due to the fact that the carbofuran stimulated
the growth and activities of both ammonifying and nitrifying microorganisms which, in
turn, released arger amounts of mineral N into the soil. Higher amount of NHs -N than
NOs —N indicates that the pfocess of ammonification was faster than that of nitrification.
The results are in accordance with thé work of Rangaswamy and Venkateswarlu (1993)
and Das and Mukhergjee (1994) who studied the effect of insecticides on ammonification,
nitrification and availability of nutrients in soils. The decrease in NH4-N content at HFR of
carbofuran in (Tq) (Tg) and (T12) might be due to the decreased numbers of aerobic di-
nitrogen fixing bacteria, total number of bacteria and di-nitrogen fixation (Martinez et al.
1999) and reduction in NOQ —N may be due to the inhibition of nitrification and nitrifying
bacteria (Ray, Ramakrishnan and Sethunathan 1980). The results are in accordance with
the work of Singh and Singh (2006) who reported the effect of diazinon, imidacloprid
and lindane on NHs-N, NO3 —N and NO>-N and nitrate reductase enzyme activity in
grouﬁdnut fields. The increase of NH,;-N and NO; —N with passage of time might be due
to the greater mineralization of organic matter and the decrease at later stage due to
volatilization and immobilization. The resultr are in accordance with the work Jana,
Debn'ath and Basak (1998) and Das and Mukherjee (1999) who reported the effects. of
insecticides effects on decomposition of organic matter, ammonification, nitrification,
mineralization and availability of some plant nutrients in soil.

The increase in available P content Table 4 up to FR dose of carbofuran in (T,
Ta), (Ts, T7) and (Tip,T11) soils may be due to the fact that carbofuran augmented the

growth and activities of phosphate mineralizing/solubilizing microorganisms which
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increases available P in soil (Arora and Gaur 1979). Similar r(_isul[s were reported by Das
and Mukherjee (2000} in their study influence of insectiéides on miﬁrobial transformation
of nitrogen and phosphorus in typic orchragualf soil. A]ﬂmugh the phosphatase activity
was reported to be stimulated by application of pesticides (Das and Mukerjee 1994: Das
and Mukherjee 1999 and Handa, Agnihotri and Kulshrestha 1999) but in this case
decrease in phosphaté availability at the HFR application of carbﬁﬁlran, it might be due
to the inhibitory effect of carbofuran or its metabolites on the phospﬁaté s‘oiﬁbilizing
microorganisms or directfy on. the phosphatase enzyme.‘in soil x.vhich 1eaa the inhibition
of available phosphorus 'in soil (Sardar and ii‘ole 2b05). With passagé of time, a

significant increase in available P content Table 4 up to 30 days relative to 0 d_ajr and

- thereafter a significant decrease up to the end of the experiment both in unamended and

fertilizers and vermicompost amended soils this increase may be due to greater
stimulation of microbial activitiés due to utilization of the carbofuran as well as their
degraded products for their cellular metabolism (Rajégopal et al. 1984). The higﬁér
proliferation of ﬁhosphate—solubilizing microorganisms under carbofuran up to 30th day
indicated that the phosphate solubilizers were able to use the carbofuran and/or their
degraded products for their g,rowih and metabolism. Similar results were reported by Das
and Mukherjee (1998) while studying-the persistence of phorate and carbofuran in
relation to their effect on fhe mineralization of C, N and P in alluvial soil.

A significant increase in the K availability Table 5 up to FR application rate of

carbofuran in (T2, T3}, {Te, T1) and {Tip,T1y) soils was due to the solubilization effects

caused by soil fungi such as Aspergillus niger, and éertain bacteria (Bacillus siliceous)
which decomposed the alumino-silicate minerals releasing a portion. of the potassium
contained therein. Some K was also released from the clay minerals by shift of the
equilibrium between soluble and insoluble forms as MICTOOgar v removéd the cation
from the solution. -
Kin the protoplasrh — soluble K — mineral K .

The decrease in available K at higher dose of carbofuran was due o the reduction in
biological activity caused by the carbofuran. Similaf study was conducted by Singhal and
Singh (1977) who reported the influence of ﬁemagoh fumigation on the major nutrients

of a fertilized soil. A significant increase in available K was observed up to 30 days and

Pagézﬁ_vsj_i_-
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there after it continuously declined up to the end of the experiment both in fertilizers and
vermicompost amended and unamended soils with and without carbofuran doses may be
due to the reduction in temperature

Growth of Plants

Effect of inorganic fertilizers and vermicompost on growth:

Data presented in Figurel-5 show that the amendment of soil with inorganic
fertilizers (Ts) and vermicumpost (Ts), the morphological growth parameters of tomato
plants such as shoot/root length, shoot/root fresh weight, shoot periphery, leaf area and
shoot/root dry weight were higher in (Ts) followed by (Ty) and (T:). The percentages of
shoot/root length, shoot/root fre;sh weight, shoot periphery, leaf area and shoot/root dry
weight increased 16.41% 119.41%, 46.60% 7 33.92%, 15.73%, 16.39% and 75.0% /
83.33% in (Ts) and 10.93% / 12.83%, 33.50% / 25.0% ,10.11% , 10.92% , 52.77% /
58.33% 1in (To) relative to (T1), respectively. _

The maximum growth of plants was observed in fertilizers amended soil followed
by vermicompost and unamended soils. Cheiiical fertilizers are known to have the
peculiarity of fast release of their nutrient contents. Nutrients supplied from the chemical
fertilizers seemed to be released fast to give significantly higher plant height.
Vermicompost are known to have the characteristic nature of str __case of nutrients. It
is seemed that vermicompost need more time for nutrients to be available for plant
absorption. The results are in accordance with the work of Arisha, Gad and Younes
(2003) and Makinde and Ayoola (2010) who reported the application mineral fertilizers,
organic and vermicompost increase the Growth, yield of potato and maize.

Effect of carbofuran on growth:

Concerning the effect of varying application rates of carbofuran on the
morphological growth parameters of tomato plants (Figure 1-5) showed that carbofuran
significantly increase plant growth up to FR but the most significani increase was
observed at LFR both in unammended ({T)) and amended soils (Ts, To) soils. At HFR of
carbofuran a decrease in plant growth was observed, and plants exhibited phytotoxicity in
the form of marginal leaf scorching in both systems. The maximum growth of plants
grown 1n unamended and amended soils follows the order as LFR> FR > 0.0 > HFR

application of carbofuran. The order of growth of plants is related to the availability of
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macronutrients (Tables 2-5). The highest growth of plants at LFR may be due to
carbofuran stimulated the growth and activities of both ammonifying and nitrifying
microorganisms and augmented the growth and activities of phosphate mineralizing/
solubilizing microorganisms which, in turn, released larger amounts of mineral N and
available P into the soil which supply nutrients for plant growth. The higher levels of
available nutrients, caused incréased the net nutrient assimilation of tomato crop and
rcsultiug. in higher growth of plants (Tables 2-4). This phenomenon also seems to
corroborate with the findings of Fletcher and Nath (1984) and Gao, Hofstra and Fletcher.
(1988) who reported stimulatory effects on plant growth and enhanced tolerance to
drought, heat, chilling at lower rates of pesticides compared at higher rates. Nevertheless,
it was at the higher concentration that all the growth parameters were remarkably reduced
in all the growth phases.

Correlation matrix;

In the present study the correlation matrix among different growth parameters
have been presented in Tables 6. The correlation matrix showed that morphological
parameter of tomato plants at varying application rate of cabofuran had significant and
positive correlation with nutrients availability at varying application rate of cabofuran in
natural soil and fertilizer and vermicompost amended soil. This result indicated that
growth of tomato plants such as plant height, total dry and fresh weight of plants, shoot
periphery and leaf area depends on the nutrients availability in the soil.
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Table 1
Physico-chemical properties of the soil

Soil properties Natural soil Fértilized soil Vermicompost
amended soil

Sand (%) 62.26
Silt (%) 29.74

Clay (%) 8.00

Organic matter (%) 0.72 0.685 0.750
Organic carbon (%) 0.42 0.397 0.435
Texture Sandy Loam

pH 7.80 7.50 8.49
CEC [Cmol (PH] Kg* 65.00

CaCOs (%) 3.50

Bulk density (g/cm®) 1.33

Surface area (m?/g) 266.00

CEC = Cation exchange capacity.
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Table 2

Effect of varying application rates of carbofuran on (NH,;—N) content (mg kg soil) in unamended and amended soil

with inorganic fertilizers and vermicompost at different time intervals.

Treatments Number of Days
0 15 30 60 90 120 Mean LSD 5%
T 60.77 62.00 68.00 40.60 30.40 29.50 48.55 2.44
T2 60.77 72.00 76.00 46.00 33.00 32.00 53.50 2.94
Ta 60.77 68.00 72.00 42.80 32.70 31.00 51.04 1.96
Ta 60.77 60.00 64.00 39.20 30.40 28.00 47.06 2.52
Mean 60.77 65.50 70.00 42.15 31.40 30.12
LSD 5% 2.09 2.54 2.14 1.85 1.10
Ts 75.70 77.00 85.20 43.00 30.70 30.00 56.93 2.46
Ts 75.70 84.00 88.00 48.20 34.00 33.00 60.48 2.67
T4 75.70 80.00 86.00 46.20 32.80 31.20 58.65 2.09
Ts 75.710 78.00 82.00 41.50 28.40 29.00 35.10 2.90
Mean 75.70 79.75 82.80 44.72 32.22 30.80
LSD 5% 2.38 1.03 2.56 1.33 1.03
Ts 73.25 76.50 80.40 43.50 30.60 29.50 55.62 2.14
Tio 73.25 81.20 83.20 49.20 36.50 34.80 57.70 2.29
T 73.25 79.00 82.60 47.80 34.30 33.60 58.42 2.83
T2 73.25 76.00 79.00 40.60 30.00 29.00 54.64 2.56
Mean  73.25 78.17 81.30 45.27 - 3135 29.32
LSD 5% 1.67 1.97 2.70 2.81 3.13




Table 3

Eifet of varying application rates of carbofuran op (NOs-N) contents (mg l(g'1 soil) in unamended and amended scil

with inorganic fertilizers and vermicompost at differeat time intervals,

Treatments Number of days
0 1§ 1 (il 'l 10 Mean LSD 5%

Ty 04 1993 AL R 9% 9 1536 0.254
T; 04 268  BY 49 1040 1008 16.78 0655
Ty i AL N6 D48 1030 9% . 1603 0l
Ty 014 1850 216 /" ST | N 4./ 1482 026
Mean 08 006 By 9, &

LSD 5% 0567 0.3 068 043 033

Ts 280 65 BH 16.54 o1 104 19.60 0.888

Ts 28 0 N4 BN 018 41 1Y 211 0471
T 2% BN M JURS TN VX I 1) 209% 0.909
Ty BN UM BB 307 1094 93 % 0
Mean an o 2% 1708 24 10

LSD 5% 0811 0733 0.701 064 079

Ty 200 BB 7% 50 104 9 1848 0.878
Ti 200 BH% 05 1849 232 112 2055 0956
Ty 207 2150 B2 17.00 I 1031 1940 0.38]
Tn C B0 B0 1201 998 900 1684 0.330
Mean 60 09 15.80 100 1009

LD 5% 0543 0976 0991 0687 07
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Table 4

Effect of varying application rates of carbofuran on available P contents (mg kg™ soil) in unamended and amended soil

with inorganic fertilizers and vermicompost at different time intervals.

Treatments Number of Days
0 15 30 60 90 120 Mean LSD 5%
T 2.55 2.82 3.20 2.00 1.36 1.30 2.205 0.301
Ts 255 3.80 4.62 2.30 1.98 1.82 2.845 0.297
Ta 2.55 3.60 3.83 2,20 1.78 1.66 2.605 0421
Ty 2.55 2.72 2.83 1.98 1.20 1.08 2.038 0.121
Mean 2.55 321 3.62 2.12 1.58 1.46
LSD 5% 0.514 0.396 0.241 0.315 0321
Ts 2.72 348 5.02 2.60 1.60 142 2.81 0.301
T 272 4.80 6.02 3.80 2.10 1.95 3.65 0.471
T, 2.72 4.60 5.51 3.60 1.96 1.72 335 0.258
Ts 2.72 3.00 4.32 2.16 1.60 1.30 2.52 0.236
Mean 272 3.97 5.21 3.04 1.82 1.60
LSD 5% 0.256 0.314 0.225 0.257 0.268
To 2.60 3.04 4.40 2.44 1.60 140 252 0.274
Tio 2.60 4.60 540 3.04 2.06 1.69 3.52 0.254
T 2.60 3.60 5.80 2.80 1.84 1.51 3.03 0.339
T2 2.60 2.83 3.72 2.20 1.48 1.12 233 0.158
Mean 2.60 . 352 4.74 2.62 1.75 1.41
LSD 5% 0.241 0.368 0.347 0.231 0.115

URL: http://mc.manuscriptcentral.com/less Email: communscilsci@aol.com
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Table 6
Comrelation matrix among morphological parameter of tomato plants at varying application rate of cabofuran with nutrients
availability in unamended and amended soil with inorganic fertlizers and vermicompost

Treatments Plant beight Drywtofplat  Freshwtofplat  Shootperiphery  LeafArea
NE-N

Natural Soil 0973 0997 0962 0918 0919
Perttlized Soil 0976* 0987+ 0.978* 0938 0922
VC Sl 0§29 0.893 094 0,662 0.775
NO-N

Natural Soil 0977 0998+ 0957* 0937 0933
Fertlized Soil 0983* 0992+ 0985 0950 0953
VC Soi 0987 0978* 0986 0.982* 0,985
Availahle P

Natural Scil 0955 1.00% 0932 0912 0912
Fertilized Soil 0.952¢ 0.960% 0.945 0.8%9 0.904
VC Soil 0.985* 0933+ 0921 0943 0.957*
Available K

Natural Soil 0.951* 0997 0917 094 0923
Fertilized Soil 0971 0961* 0951* 0932 0.936
VC Soil 0,936 0917 0,786 0.906 0920

*= 3 level of significance ~ **=1% level of significance.  VC= vermicompost
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Effect of Varying Application Rates of Carbofuran on
Morpho-physiological Traits, Nutrient Uptake and Yieid
of Tomato Fruits Grown in Natural and Amended Soils

RP Singh* and G Varshney
Laboratories of Soil Sciences, Department of Botany, Faculty of Life Sciences,
Aligarh Muslim University, Aligarh 202 002, Uttar Pradesh, India

The effect of carbofuran (a systemic insecticide/nematicide) on morphe-physiological traits, chlorophyi content,
up take of N, P and K by tomato plants and vield of tomato fruitsfplant are reported in green house condition.
Fifteen days old seedlings of tomato {{ycopersicon esculenttim K-25) were transplanted in control soil and
chamica! fertilizer, vermicompost, and combination of chemicsal fertilizer plus vermicompost amended soils treated
with low field rate (LFR), figid rate (FR) and higher figld rate (HFR) of carbofuran. The results indicated thal
significant differences in fhe test parameters were observed among the soil amendments and treatments with
carbofuran. A significant improvement in morpho-physiological traits, chiorophyll content, up take of N, Pand K
and yield of tomato were noted up o FR application of carbofuran but the LFR carbofuran appfication proved
highly effective and gave most significant improvement of these parameters in both natural and amended soils,
The phytotoxic effect in the form of marginat Jeaf scorching was noted in plants treated with HFR of carbofuran

in both systems,

Key words: Amendments, carbofuran, chlarophyll, plant growth, tomato, vermicompost

The use of agro-inputs such as pesticides, chamical
fertilizers, compost and vermicompost are well known in
maodern agricuiture for protecting the crops against pests,
providing crop nutrition and maximizing crop yields. It has
been reperted that pesticides not only protact the crops
against pests but alsc enhance plant vigor, and the yield
and fresh weight of the crop’. Some of the pesticides are
reported to be benaficial for plant growth if used af fower
concentration but become phytotoxic at higher dose? and
these influence the activity of some useful soil micro
organisms?®. Chemical fertilizers are considered as a major
source of plant nutrients and applied.to soil in order to
achiave madmum growth of plants and higher yield of crops*
& Varmicompost is an eco-friendly, cost effective and
ecologically sound manure that also plays a significant role
in soil biclogy, chemistry and physics. It has been rsported
that vermicompost contains carpon, total and avallable
macro and micronutrients, humic acid, biologically active
substances such as plant growth regulators and enzymes®
%, 1tz use has been tecognized as an eﬁecﬁv;a means for
improving soil aggregation, structural aeration and fertility.

*Cotresponding author E-mail: rpsingnamu@gmail.com

Carbofuran {2, 3- dihydro-2, 2 dimathylbenzofuran- 7-
yimethyl carbamate) is non-ionic, systemic, broad spectrum
insecticide/nematicide used widely in India and other
countries for the control of insects and nematodas on contact
or after ingestion™. Das and Mukherjge ™ have studied the
effect of carbofuran on the availability of macre nutrients in
soils and growth of tumata piants in soils. Recently, Singh
et al 1% have reported the effect of carbofuran on enzymatic
activities and nutrent availability in an alluvia! soil amended
with inorganic fertilizers and vermicompost. But information
pertaining to the effect of carbofuran on the growth, yield
and uptake of macronufrients (N, P, K} in tomato plants is
nof available in literature.

In the present investigation an attempt has beenmade
to study the (i) effect of soit amendments namely chemical
fertilizers, vermicompost and combination of chemical
fertifizers plus vermicompost and (i) treatment of these soils
with low field rate (LFR, i.e. 0.20 kg a.i. ha"), field rate (FR,
i.2.1.0 kg 2.l ha'), and higher field rate (HFR, i.e. 5.0 kg
a.i. hat) of carhofuran on morpho-physiclogica traits, leaf
chiorophyil content, uptake of N, P and K by tomato plants
and yield of tomato fruits/plant grown in natural and
amended soits.
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MATERIALS AND METHODS

Soil and chemicals

An alluvial sandy ioam sod used for these studics was
sampled up to a depth of 0-15 cm from village Rahmapur in
the district Atigarh {U.P.} India. Geographically, Aligarh is
located between 27.88° N and 78,087 € at an average
elevation of 178 m above sea level. A composite soil sample
was prepared from eight sub-samples covering the entire
field. Collected soil was air dried crushed and sieved through
2 mm sieve and stored in polythene bags. The
physico-chemical properties of the soll were determined by
standard techniques and results obtained are summarized
in Table 1.

Table 1. Physico-chemicai properties of the test soil

Seil property Valua
Sand (%) 62.26
Silt (%} 29.74
Clay {%) 8.60
Qrganic matter{%) 0.72
Organis carbon{%) 0.42
Texture ’ Sandy loam
pH 7.80
*CEG [Cmol (P4} Kg* 65.00
GaGO, (%) 3.50
Bulk density (g/cm?) 1.33
Surface area (m¥g) 266.00
" *CEC= Cation exchange capacity

Carbofuran (88.97% purity) was supplied by the M\S
Rallis Agrochemicals Station, Banggzlore, india. A stock
solution of carbofuran (50Dug mi') was prepared by
dissolving requisite amount of carbofuran in acetone.

Chemical fertilizers used in this study included urea,
di-ammaonium phosphate (DAP) and muriate of potash
{MOP) and were obtained from E. Merck Chemicals Lid.
India. Vermicompost was obtained from Dangas Vermi
Biotech Pvi. Lid,, Aligarh, India, and was prepared by cow
dung with epigeic earthworms {Eicenja foetida). Composition
of vermicompost included % OC =115, % N=1.5%P=
18and % K= 2.0.

All other chemical and reagenis were of A.R. grade
and obtained from E. Merck and CDH Chemicals Lid. India.

Pestic Res J 25(1): 4:-54 (2013)
Soil amendements

The natural soil (&2 . 4ha sieved) was amended with
chemical fertilizers, vermicompost and combinafion of
chemical fertitizers pius vermicompost, using urea, di-
ammaonium phosphate {DAP) and muriate of potash (MOP}
as source of N, P and K @ 90, 60 and 60 kg ha’,
vermicompost at the rate of 5.0 {ons ha”, and combination
of chemical fertilizers plus vermicompost using urea, DAP
and MOP as a source of N, P, and K @ 90:60:60 kg ha”
plus vermicompost @ 5.0 tons ha? }, respectively.

Experimental design

A pot experiment was conducted in green house conditions
{average temperature 21°C day and 12°C night, Relative -
humidity 60-68 %) at Botany Depariment, Aligarh Muslim
University, Aligarh, India during Oclober 2009 to February
2010 {o study the effect of varying application rates of
carbofuran on morpho-physiclegical traits (shoot lengih, root
iength, shoot weight, roct weight, stem mean diametler, {eaf
area and leaf chiorophyil content), uptake of N, P and Kby
tomato plants and yield of tomato fruits/ptant grown in soil
alone {(control}, chemical fertilizers, vermicompost, and
chemical fertilizers plus vermicompost amended soils. For
theze siudies, forly eight pots were used, out of which 12
pots were filled with 5 kg of soil (unamended), 12 pols with
5 kg soit plus chernical ferdilizers @ N: P: K 90:80:60 kg ha-
1,12 pots with & kg soil plus vermicompost @ 5.0 tons ha”
and remaining 12 pois with 5 kg soil plus chemical fertilizers
@ N:P:K 80:60:60 ko ha" and vermicompost.

Three freatments viz, low field rate (LFR ie. 020 kg
a.i ha'), field rate (FR ie.1.0 kg a.i. ha') higher field rate
(HFR i.2.5.0 kg a.l. ha") of carbofuran were applied in soil
alone and in amended soils using 5 ml acetong assuming 2
x 10% kg soil ha' to a depth of 15 cm (bulk density 1.33 g
cm¥). The soil samples untreated with carbofuran were also
processed in the similar way by adding only 5 mi acetone.
The details of the treatments are as follows:

T, Unamended soil + 5 m! acetone

T, Unamended soil + 0.20 kg a. i. carbofuran ha®

T, Unamended soil + 1.0 kg a. i. carbofuran ha”

T, Unamended soil + 5.0 kg a. i carboturan ha't

T, Ferilized soil N: P: K@ 90:60:60 kg ha'* + 5 m{acetone
T, Ferfilized soil N: P: K @ 90:80:60 kg ha''+ 0.20 kg a. i

carbofuran ha!
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T, Fertilized soil N: P K @ 90:60:60 kg ha'+ 1.0kg a. i.
carbofuran ha

T, Fertilized soil N P. K @90:60:60 kg ha** 5.0kga. i.
carhofuran ha

T, VC amended soil @ 5.0 tons ha + 5mi acetone

T,, VC amended soil @ 5.0 tons ha' + 0.20 kg a. i
carbofuran ha™")

T,, VG amended soil @ 5.0 tons ha'+ 1.0 kg a. i.
carbofuran hat)

« VC amended soil @ 5.0 tons ha'+ 5.0 kg 2. i,
carpofuran ha?) '

T,, N P K @ 90:60:60 kg ha'+ VC @ 5.0 tons ha
amended soif + 5 ml acetone

w NP K @ 20:80:80 kg ha' + VC @ 5.0 tons ha"
amended soil + 0.20 kg a. i. carbofuran ha™

T, NP'K @ 90:80:60 kg ha*+ VG @ 5.0 tons ha
amended soi+ 1.0 kg a.i, carbofuran ha?

T, NP K @ 90:60:60 kg ha'+ VC @ 5.0 tons ha’
amended soil + 5.0 kg a. i. carbofuran hat

All the treatments including control were replicated thrice.

tifteen days old four seedlings of tomato (Lycopersicon
esculeium, var. K-25) grown in autoclaved soils- were
transplanted into each pot After establishment only ohe
heaithy seedling was left in each pét. All plants were grown
under green house conditions and received exactly the same
treatments throughout the experimeht e.g. watering, hand
weeding, efc. Plants were inspected twice per day, morning
and evening for disease and insect infection. No disease
problem occurred during the experimental period. No
protection measure was required during the experiment.

After 120 days the whole plants were uprooted from
the pols and the roois were kept intact by carefully washing
away the soil with {ap water and brought to laboratery for
biometric observations. The scil free plants were rinsed with
0.1N HC! and finally with distilled water znd dried with
blotling sheat. The roots of each plant were separated from
the shoots and different morphological parameters such as
plant height (shoot length, roat length), number of leaves,
number of branches, shoot fresh weight, root fresh weight,
shoot dry weight, root dry weight, stem mean diameter, leaf
area and chiorophyll content in the leaves and weight of
tomato fruits, were recorded. Fruits were harvested from
the plants/pot, counted and weighed. Leaf area was
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evaluated using graph paper method and ieaf chiorophyll
content was estimated as per Amon™,

For the determination of uptake of N, P and K by plants,
the shoots and roots of the pianis were oven dried at 80 +1°
G until constant weight. The oven dried plant samples were
ground in a Wiley milt and stored in polythene bags for
chemical analysis. The oven dried plant samples were
digestad in di-acid mixture of H,50, and HCIO, (4:1) andin
the extractants N, P and K contenis were determined.
Nitrogen wag determined spectro-photometricaily using
Nessler's reagsnt”, P by Koenig and Johnson'® and K by
flamephotometry, All samples were ansiyzad in triplicate.

Statistical Analysis

Analysis of variance (ANOVA) and mean corriparison W3as
done using the least significant difference {LSD) testat P <
0.05. In all cases LSD analysis was performed using SPSS
1.0 for Windows. ’ :

RESULTS AND DISCUSSION

Resulls on the effects of soil amendments and varying
application rates {LFR, FR and HFR i.e. 0.20, 1.0 and 5.0
kg a.i. ha™) of carbofuran on the morpho-physiological traits,
teaf chlorophyll content, uptake of N, P, K by tomato plants,

* and yield of tomato fruits/plant grown in natural (T,) and

chemical fertilizers (T,), vermicompost (T,) and combination
of chemical fertilizers plus vermicompst{T,,) amended soils
are tabulated in Tables 2, 3 and 4. Each valuein the tables
represents the mean of thres rh-zrvations. ,These'-.results
indicated that 2}l wie above parameters studied {morpho-
physiclogical traits, leaf chlorophyll content, uptake of N, P,
K by tomato plants, and yield of tomato fruits/ piant)
responded {p<0.05} significantiy to the chemical fertilize 5,
vermicompost and mixed treatments of chemical fertilizers
plus vermicompost and carbofuran application rates as
compared to their respective control treatments.

Effect of soil amendments: The resuite {Tables 2, 3 and
4} indicated significant differences in the parameters among
the soil amendments. The highest value of 2ll these
parameters was observed in T,, and lowest in T, and
followed the order as T ;> T,» T, » T,. The highest values
of growth parameters such as shoob/root length, shoot/roat
frash weight, number of leaves, number of branches, stem
mean diameter, leaf area and shoot/root dry weights {Tables
2 and 3) were observed in T, and lowestin T, The higher
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Table 2. Efiect of carbofuran on morpho-physiclogical traits of tomaio plants in natural and amended soils.

Treatment Shoot Root Fruit Yield

Length Freshwt Dry wi Length Fresh wi Drywl {kg plant™

{cm) {9 {g) {cm) () {9)
Matural Soil
T, 64.00 38.20 380 44 8O 5.80 120 182
1, 72.00 50.00 530 58.00 7.40 2.00 225
1, 67.50 40.00 . 450 47.80 550 1.40 200
T, §2.00 31.20 340 40.80 4.60 1.00 1.50
LSD 5% 245 148 034 165 0.15 0.12 0.50
Fertilized Soif .
T, 74.50 56.00 8.30 53.50 7.50 2.20 3.10
T, 90.50 £6.00 8.70 63,10 9.10 2.80 375
T, 76.20 5880 .80 BR.EQ 7.80 -2.50 350
1, 68.30 50.00 5.36 50.10 T 680 1.46 3.00
LSD 5% 1.43 155 ) 0.41 1.85 0.25 0.16 0.32
Veri itompost amended soi! ’
T 71.00 5100 5.50 50.55 7.00 1.80 201
T 80.00 59.20 7.60 59.30 830 2.60 252
T, 73.00 57.10 660 55.40 760 2.40 2.36
Ty . §5.00 43,20 5.10 48,30 520 1.35 1.96
LSD &% 1.62 271 0.68 2..39 045 0.34 0.17
Chemical fertilizer plus vermicompost amended soil

T, 79.62 £0.50 6.97 58.14 B.30 260 425
Tu 86.12 70.25 9.32 66.20 9.60 3.10 495
T‘5 82.44 £68.40 8.10 61.14 8.00 2.85 4.62
Ts 7144 56.28 8.20 5233 7.10 2.05 4105
L8D 5% 2.98 2.80 0.79 281 Q.16 0,13 - 0.21

growth parameters of piants in T‘3 relative 1o T, may be due
to the fact that nuirients supplied in the complementary
appiication of vermicompost plus chemical ferfilizers gave
higher growth than from sole inorganic fertilizers™ 1 is also
reporiad that the combined application of manure and
chemical fertilizers and vermicompost and NPK showed
higher plant height of cabbage™? and potato® than the
control plots. The higher growth of plantsin T relative to T,
shows that the chemical ferilizers are more afficient than
vermicompost. Nutrients supplied from the chemical
fertilizers sesemed to be releasad fast fo give sighificantly
higher plant height while that of vermicompost is known o
have the charactenistic nature of slow release of nutrients,
needing more time for the optimum quantity of nutrients to
be available for plant absorption. The least growth of plants
grawn in T, relative to T,,, T, and T, might be due tothe fact
that plants cannot carry out their ife processes if the soll

lacks in macronutrients inhibiting synthesfs of vital
constituents in plants.

Data on N, Pand K up take {Table 4} by tornato planis
grown in natural and amended solls showed that a significant
increase in uptake of N, P and K in leaves and roots of the
plants was recorded in T, followed by T,, T, and T1. The
higher uptake of N, P and K by plants in T,, relative to {T,)
may be ascribed due 1o the fact that more availability of
these nutrients was observed by addition of chemical
ferfilizers plus vermicompost which is responsible for higher
nutrient uptake and plant growth. Higher nutrient uptake in
T, than T, may be ascribed o the fact that chemical fedilizers
are known to have the peculiarity of fast release of required
quantity of nutrient contents, which reflect a direct
refationship between scil nutrition and nutrient uptake by
crop plants. Similar results were reported for onion®, grain



Pestic Res J 25(1). 47-54 (2013)

Effect of carbofuran on tomalo traifs 51

Taeble 3, Effect of carbohsran on number of branches, number of leaves, leaf area, chiorophyll content and stem mean diameter of lomato

plants grown innalural and amended soils

Treatment Number of Mumber of Leafarea Leaf chiorant 1 Stem mean
Branches ipaves {cm?) - (m§ g} freshwt diameter (cm)
“ Natural Soil
T, 12.00 85.00 : 2233 117 0.88
T, 18.00 108.00 25.12 1.31 1.00
1, 16.00 68,00 23.55 23 C.94
7, 10.00 75.00 18.14 0095 0.73
LsSD 5% 289 3.15 1.04 0.04 0.03
Fertifized Soil
T, 22.00 125.00 25.89 135 ' 1.03
Ta 30.00 145.00 .57 1.64 1.25
T, | 25.00 132.00 26.58 140 . 1.05
T, 18.00 101.00 2383 1.24 0.84-
LSD 5% 266 357 D.43 0.03 0.02
Vermicompost amended Soil
T, 18.60 112.00 2477 129 0.98
T 22.00 130.60 274 145 1.10
T, 120.00 121.00 25.47 1.33 1.00
1, 13.00 96.00 2267 1.18 0.88
LSD 5% 1.40 1.66 B.57 0.03 0.02
) Chemical ferfilizer plus vermicompost amendad soil
Ta ’ 25.00 135.09 30.27 1.52 1.23
Tu 36.00 150.00 38.66 1.78 1.35
T, 28.00 141.00 34.14 1.62 1.68
Ty 20.00 117.00 27.70 143 115
LSD 5% 3.05 322 251 009 . 0.40

amaranth®, tomato® and maize®, respectively. The higher
uptake of nutrients by plants grown in T, compared to T,
may be due to the fact that vermicompost improved the
. physical condition of the soil providing better aeration to
plant root, facilitation of cations N*, P* and K* exchange,
sustained avaiiability of nutrients and thereby the uptake of
nutsients by the plant and the resulting beter growth?.

The leaf chiorophyll content of plants (Table 3} grown
inT,, was significantly higher comparad with T, and foliowed
the order as: T,, > T, > T, > T,. The highest chiorephyll
content in leaves of plant grown in T, might ba due lo the
fact that N is a constituent of chlorophyll molecule and it is
evident from the Table 4 that uptake of N by tomato leaves
was significantly higher in T,,. Application of chemicai
fertifizers (T} induced the higher leaf chiorophyli content
compared with the varmicompost amendad soil {T,) while

the lowest chiorophy!l content was obtained in T, e
control®®.

The highest yield of tomato was observed in plants
grown in T, and jowest in T, and followad the orderas T,
T>T1.27,.

Effect of carbofuran: The results of the morpho-
physiological traits, chiorophyll content, uptake of N, P, K
by tomato plants, and yisld of tomalo ffuiUptarit grown in
LFR, FR and HFR application of carbofuran fo netural and
amended soils are given in Tables 2, 3 and 4. The data
clearly demonstrated that carbofuran significantly increased
all the morpho-physiological traifs studied up to FR but the
mos! significant increase was observed at LFR both in
natural and amended soils. The highest values of all
morpho-physiclogical traits such as shootfrootiength, shooy/
oot fresh weight, number of leaves, number of branches,
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stem mean diameler, leaf area, Jeaf chlorophyll and shoot/
root dry weights (Tables 2 and 3) were observed in chemica!
fertilizers plus vermicompst amended soil and lowest in
natural soil. AtHFR application of carbefuran a decrease in
all morpho-physiological traits was observed, and plants
exhibited phytotoxicity in the form of margiria!_ieaf scorching
in both natural and amended systerns. The maximum growth
- of plants grown In natural and amended soils Toliows the
orderas LFR» FR > 00> HFR applibay'on of carbofuran.
The highest growth of plants at LFR shows that carbofuran

stimuiated the growth and activities of both ammonifying -

and nitrifying microorganisms and augmented the growth
and aclivities of phosphate mineralizing/solubilizing
raicroorganisms which, in turn, released larger amounts of
mineral N and avaiiable P into the soil which supply nutrients
for plant growth™. The higher levels of available nutrients
increased the net nutrient assimilation of fomato crop
resulting in higher growth of plants (see, Tablies 2-4). This
carroborates the findings of Fletcher and Nath® and Gao
et al.*® who reported stimulatory effects on plant growth and
enhanced tolerance to drought, heat, chiliing at lower rates
of pesticides as compared with their highar rates. It has
been reporied that at LFR application of pesticides probably
increased the cell membrane permeability, thus enhanced
nutrient influx {o the root celis and their subsejuent
transportation to leaf and shoot?'. This might be one of the
reasons for accelerated growth. At HFR of carbofuran, all
the morpho-physiclogical traits ware remarkably reduced
beth in amended and natural systems. Suppression noted
in plant height under the HFR application of carbofuranmay
be due to the retarded ceil growth and division in root®, cell
elongation and conversion of indole-3-acetic acid (IAA) inlo
various photo-oxidative products, Similar observation has
also been made on cucumber under insecticidat reatment™.
The reduction in the number of ieaves and leaf area at HFR
application rate of carbofuran is observed which may be
due fo the inhibited synthesis of the photosynthates and
reduced chiorophyil content. This is in agreement with the
results recorded with bean leaves®. The reduced leaf area
at HFR application of carbofuran (Table 3) not only retarded
growth bul possibly also a morphological adaptation fo
siress conditions. The same trend was observed in the
" number of branches and stem mean diameter in our study
which was confirmed with the result of Khan et al.™ who
studied the effect of the herbicide on growth of green gram.
Similar observations have afso been made on leaf
paramelers under the influence of insecticide®*. The
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Table 4, Effect of carbofuran orf uptake of M, P and K by tc—mam
plants in natural and amended soils.

Treatment N {mg plant’) P (myg plant?) ¥ (g plart™}

Shoot Root  Shoot, Root  Shoot  Root

Natuaral Soit _
T 1843 148 1280 124 4011 236
T2 2660 174 1835 286 4524 201
T3 1925 120 1549 . 1.BD. 4461 287
T4 1130 115 1220 112 3871 160
LSD 5% 211 019 - 189 044 289 046
. Fertilized Soil o

15 2000 . 1.57° 2436 345 5583 246
6 3850 195 2900 468 6BU3 368
17 3120 173 2770 352 6750 293
T8 2524 134 1800 312 5003 220

LSD 5% 311 011 327 038 3s5 033
Vermicompest amended Soll '

1505 289 4580 23§
T10 3350 184 2082 410 £768. 351
™ 2667 181 1776 338 5857 324
T2 2096 130 1400 253 4487 -1.8(
L5D 5% 409 %40 cas 103 427 028

Chemicat fertilizer plus vénnicompost amended soil

T3 3075 220 2275 215 _ 6142 - 3.1:
T4 4437 372 3142 312 7262 38
T5 3742 341 2052 302 - 6935 35
T18 2450 251 .0 2140 238 5722 28

LSD5% 4090 142~ 293 103 . 422 02

significant difference was also observed in the shoot/roc
fresh and dry weight of tomato plants at the varyin
application rates of carbofuran in ali cases. The best resu
of shool/ root fresh and dry weight were obtained with LFl
application of carbofuran which declined with its HF!
application. Similar trend was observed in ‘the study
effects of carbosulfan on pineapple growth™.

Data on N, P and K uptake by tomato plants grown
LFR, FR, and HFR of cafbofuran treated natural ar
amended soils at the harvest time (Table 4) revealed
sigpificant increase in uptake of N, Pand Kup to F
application of carbofuran, but the LFR application
carpofuran proved to be the best dose for N, Pand Kupla
by plants in both natural and amended soils. ﬁefpéh;:g
increase in uptake of N, P, and K in shoots and Fools of 1t
plants at LFR carbofuran treatment war

'32.85% N, 22.01 % and 41.46% P
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K respactively in chemical fertitizers plus vermicompost
amendad soil- (T, .}, 34.13% and 24.20% N ,19.04% and
35.658% P and 21.85% and 48.78% K in fertilized soil (T ),
30.85% and 21.05% N, 37.00% and 41.868% P, 47.77%
and 51.04% K in vermicompost amendad soils (T,;) and
44.32% and 47.45 % N, 28.96% and 58.06% P, 15.28%
and 23.30% K in naturai soil (T,) as compared with T T,
T, and T, respectively.

I

The increase in nutrient uptake couid be related {0 an
increase in the ability of plant to take up nutrends due to
stimuiation in growth. The stimulating effect of carbofuran
on germination and growth reveals that the physiological
activity of carbofuran operated via the oxidative metabolism,
than this could be associated with the auxin-induced growth
response in plants, thus causing the plant to increase s
uptake of nutrients. At HFR of carbofuran application the
lowest uptake of M, P and K was observed in both
unamended and amended systems. The lower uplake of
nutrients (N.P.K) is directly related to low nutrient availability
in s01 or it may be due to the phyfotoxicity’?,

‘The effact of varying application rates of carbofuran
on chiorophyll content in plant leaves is given in Table 3.
The resuils clearly demonstrated that chlorophyll content
in plant teaves increased significantly up to FR of carbofuran
application but the most significant intrease was cbserved
al LFR in both natural and amended soils. A marked
decrease in chiorophyll content was observed at HFR of
carbofuran application in both systems} This increase of
chiorophyll content may be due 1o increase in leaf area®.
The reduction of chlorophyll cortent at HFR application; of
carbofuran may be due to the inhibition of their bicsynthesis
or breakdown of pigments®**, 1{ was reported that soil
treated with herbicides showed continugus decrease in
chiorophyll content with increasing doses and concluded
that most of the biochemical symptoms associated with
pesticide toxicity were chiorophyl degredation and activation
of oxidation process®.

Yield of Tomato: Hence, growth was reflecied through
various morpho-physiological traits plant height (shool/ root
length), plant fresh and dry weight, number of leaves,
number of branches, diameter of stem {shoot periphery)
ang leaf area and leaf chiorophylt content and ~uirient
uptake {NPK) by tomato plants in all the casas studied.

The yield of tomatoincreased up to the FR of carbofuran
but the highest yield (Table 2} was observed at LFR of
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carbofuran in all the cases. Increase in plant height, leaf
areg, leaf chiorophyll content and uptake of nufrients would”
have increased the translocation of photosynthates which,
in turn, resulted in better vield of lomatoes. Similar work
has been done by Amengor and Tettah ' who studied the
effect of pesticide application rate on yield of vegetables
and soil microbial communities. The best yield was observed
in combination of fertilizer pius vermicompost amended soil
relative to other traatment. o

CONCLUSION

The data of this investigation tlearly indicated that up to
the FR of carbofuran application the morpho-physiclogical
traife, leaf chiorophyll content, yield and up take of N, P,
and K by tomato plants increased but the LFR application
of carbofuran proved to be the bestdose for the growth and
yield of tomato both in natural and amended soils. The
phytotoxic and inhibitory effects on all the above parameters
were observed at HFR of carbofuran application. This study
also showed that chemicsl fedilizers plus vermicompost

- amendment soil treated with LFR of carbofuran gave the

best results.
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