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Effect of Various Herbicides on Root-Knot
Nematode (Meloidogyne incognita) and Growth
Parameters of Tomato
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ABSTRACT

Nematicidal properties of 13 herbici-
des viz. alachlor , glyphosate , thioben-
carb , diphenamid , monolinuron ,para-
quat , diquat , MCPA , diallate , oxyfl-
worfen .,  24-D , amitrole and
dichlioromate , including furadan
and ncguvon, were assayed against
M. incognita in tomato. The result of the
direct contact toxicity revealed a higher
percentage of mortality in diallate, dichl-
oromate and monolinuron along with ne-
guvon. However, in the pot experiment,
none of the chemicals, except diallate, re-
sulted neither in reducing the population
of nematodes nor in increasing the plant
growth parameters. Diallate which resul-
tedin higher percentage of mortality of se-
cond stage larvae, reduced the population
in soil as well as in root, decreased root-
knot index and increased growth parame-
ters of plant suggesting high nematicidal
properties against M. incognitfa.

INTRODUCTION

Chemical control of Meloidogyne
incognita with nematicides is very much
limited due to high cost and unavailability
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of the products in the markel Various
other chemicals such as insecticides and
herbicides have been tried by several wor-
kers (Witkowski, 1971, 1973, Frey, 1976,
Johnsan, et al; 1975, 1981, Schmitt, et al.
1981, 1983 and Osman and Viglierchio,
1981) to suitably control plant parasitic
and other nematodes. Very few of the her-
bicides have becn systematically tested
against nematodes. The present investiga-
tion undertakes 13 herbicides commonly
used against weeds of vegetables along
with two nematicides for assessing their
effectiveness in direct exposure as well as
in pots with tomato plants inoculated with
M. incognita.

MATERIALS AND METHODS

Thirteen herbicides viz. alachlor, gly-
phosate, thiobencarb, diphenamid, meno-
linuron, paraquat, diguat, MCPA, diallate,
oxyfluorfen, 2,4-D, amitrole and dichlors-
mate, including two nematicides such as
furadan and neguvon, were tested at 250.
500 and 1000ppm for direct contact mor-
tality of M. incognila larvae. Stock solu-
tions of each chemical was prepared with
distilled water and was further diluted.
Each test chemical was filled in transpa-
rent homoeopathic tube at 2ml of the dou-
bie strength as per desired concentration
and approximately 100freshly hatchedse-
condstage larvae in 2ml of suspension we-
re released into each homoeopathic tube.
Mortality after 24 and 48 hours were re-
cordedand expressed as corrected percen-
tage over control. The nematicidal activity
was subsequently tested by inoculating
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1500 larvac per 1.5 kg of soil in pots at
three different doses viz.. 1. 1.5 and 2 kg
ai./ha. One week old tomato secdlings
were transplanted seven days after the
application of chemicals. Both the experi-
ments were carried outin a complete ran-
domized block design with two replica-
tions. The data on root-knot index (1-5
scale. Taylor, 1971}, population of ne-
matodes (Soil + root). root and shoot
weight and length were recorded at 60
AT

RESULTS AND DISCUSSHINS
rirect Contact Mortality

Varying degree of larval mortality was
vbhtained due to exposure in herbicides
(Table I). Thiobencarb, 2 4-1) and furadan
resulted in reduced percemtage of mortali-
ty as compared to control. Neguvon, dich
loromate. diphenamid and diallate sho
wed increased mortality in 24 hours. The
other chemicals did not show significant
mortality of larvac. After 48 hours, mono
linuron, dichloromate, diallate und negu
vun were found to be most effective in the
increasing order Monolinuron, after 24
hours, showed & negligible percentage of
mortality but after 48 hours recorded hig
her percentage of mortality in all the three
concentrations, Diphenamid, which re
sulted in higher percentage of mortality
after 24 hours, was not effective after 48
hours, indicating less persistency of the
chemical intheactive form. Dichloromate
and diallate consistantly resulted in higher
percentage of mortality both in 24 and 48
hours along with neguvon. These two her-
bicides resulted in increased mortality
with the corresponding increase in the
concentration and time cven at their lower
concentration. Furadan treated larvae in
all concentrations tried. noted very much
negligible effect on the mortality of larvae.

Frey (1976, 1979) ohserved a higher
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percentage of kill of Acrobelaides butsch-
{ii in paraquat, diquat and amitrole which
is in contradiction to the present findings
and may be explammed in terms of differ
ential behaviour of the nematodes used.
the former beinga plant parasite whereas
the latter is a predatory one. Krishnapra
sad and Rao (1980) observed ineffective-
ness of furadan in direct contact method
against M. gramunicofa which is in agree-
ment with the present findingsand hence
is not effective as o direct toxicant.

Pot Experinternt

Observationson various plant growth
parameters such as shoot and root length
{Table 2}, shoot and root weight (Table
3) indicated  sigmificant  differences
among various treatnents exceptin shoot
weight. Alachlor. monolinuron, paraquat.
diquat, MCPA, oxviluorfen. 2.4-ID, amitro
le, dichloromate and neguvon applied
plants had comparatively a reduced shoot
length overcontro! Thiobencarb. dialiate
and furadan atall the three doses exhibi
ied inereased shoot length.

The highest root length was ohserved
at lowest dose of these chemicals, Data
on roeot length indicated monolinuron
and 2.4-1) to be the muost ineffecuve
one, exhibiting a reduced root length.
Rest of the chemicals showed increased
root length over control. Furadan. dial-
late, thiobencarb, alachlor and
glyphosate showed comparatively higher
root length than others.

Shoot weight as influenced hy the
applicaton of differentherbicidesshowed
statistically non-significant differences.
However. furadan and diallate-treated
plants at all the three doses exhibited
a comparatively higher mean  shoot
weight Root weight in furadan. dial-
late and thiobencarb was higher than
others and all these chemicals a1 lower



TABLE 1 Effect of various herbicides on percentage mortality of M. incognita larvae,

24 hrs ) 48 hrs
Conc./Chemical 250ppm- 500ppm 1,000ppm 250ppm 500ppm  1000ppm
Alachior 8.45 52.26 44 40 49.21 2227 63.50
{16.89) {(46.30) {(41.79) {44.54) {28.19) (5283
Glyphosate 73.42 7.98 13.09 6.06 43.85 27.05
(58.92) {16.42) (21.13) {14.24) (41.46) (31.34)
Thiobencarb 3.45 2.20 3.0 -5.47 0.64 1.35
{10.67) { B.43) {10.04) (-13.50 ([ 4.59) ({ 6.66)
Lriphenamid 95,83 34.67 96.68 B.70 6.25 14.32
(78.26) (76.66) (79.49) {17.15) (14.48) (22.28)
Monolinuron 1.00 21.74 81.57 83.76 9517 96.53
{ 5.74) (27.78) (64.57) {66.21}) {77.30) (79.26}
Paraquat 0.45 5.45 0.35 .45 0.46 7.30
{ 3.84) {13.50) { 3.38) { 3.38) { 3.89) (1588}
Diquat 1.50 4.00 6.00 3.00 5.50 8.50
{ 7.04) {11.53) {14.13) { 9.98) {13.53) (16.94)
MCPA 3.60 23.89 35.96 35.14 60.97 83.82
(10.92) (29.24) (48.43) (16.34) {51.34) (66.28)
Diallate 82.16 92.71 98.43 96.65 99,45 100.00
({65.01) (74.34) {82.79) (79.45) {85.73) {90.00}
Oxyfluorfen 20.15 62.44 87.65 43.61 33.50 79.10
( 26.66) (52.20) (69.42) {41.32) (35.38) (62.79)
2.4-D =216 3.98 2B.79 18.04 79.60 87.17
{~8.45) {11.72) (33.48) (2513} {63.15) (69.02)
Amitrole a9.65 18.59 73.73 69,82 82.60 93.25
{18.10} {25.52) {59.13) { 56.67) (65.34) (74.94)
Dichloromate 94.58 98.33 99 71 94.78 97.65 95.73
{76.53) {82.58) {86.97} [76.77) (81.18) (87.02)
Furadan -p.49 319 2.25 0.21 3.25 4.15
(-4.01) {10.20) { B.al) [ 2.63) {10.38) (11.73)
Neguvon 97 .92 9979 1006.00 9986 100.00 9990
[B1.71) (87.66) {90.00) (87.91) (90.00) (88.19)
Figures in the parenthesis indicale angular transformed values
SEM+ CD at 5% SEM + CD at 5%
Chemical 0.44 8. 89 395 7.97
Concentration 0.19 0.40 1.76 3.56
Chem_ x Conc. 0.77 1.95 NS NS
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Tabiv 2 Eifect ol various herbicides on growth of tomato infected by M. incognita,

e R Shoat length tcm) Roaot length (cm)
Dosc/ha Chemicals r-n-rrgrgg——"m ke 177 ¥ OKR

Alachior 2000 16 50 18 25 19 25 26 00 26.25
Glyphosate 2575 23.75 2575 29 25 28.50 2550
Thiobencarb 3173 2650 28.00 2350 2300 16.25
Diphenamid 25.00 25.75 29.00 20.00 21.00 23.00
Maonolinuren 14.50 14.50 23.50 950 1050 12.50
Paraguat 2175 23.25 24.00 15 50 29.50 13 00
Diquat 2275 17.75 22.50 20.00 16.50 28.00
MCPA 14.25 1575 2300 11.25 13.00 19.00
Diallate 3000 29.25 27.30 1900 21.75 2825
Oxyfluorfen 13.00 15.00 22.00 19.50 16.00 19.00
2.4-D 1450 14.25 16.50 16 00 12.50 2575
Amitrole 16.00 2175 10.25 15.75 13.50 12.50
Dichloromate 18.25 2450 - 16.25 18.75 21.00 11 50
Furadan 36.75 27.00 20.00 22 00 22 50 17 50
Neguvon 11.00 14.25 12 50 *19.00 14.5Q 22735
Check 23.25 - — 18 41 — —

SEM+ {Da15% SEM+ CDat 5%
Chemical 020 041 0.227 045
Dose 0.05 0.18 0.10 0.20
Chem x Dose 0.36 0.72 0.39 079

Table 3 Effect of various herbicides on growth of tomatn infected by M cogmita,

Shoot weight(g) Root weightig)

Duse/ha Chemicals 1 Okg 1.5kg 2.0kg 1.0kg 15kg 2 Okg

Alachlor 8 62 609 7 65 127 11% 265
Glyphosate 4 .495 3.05 8 b5 1 55 223 263
Thiohencarb 977 9 30 7 97 1 87 145 195
Niphenamid & 07 B 40 g D7 0 85 17 130
Monuolinuron 1.75 1 70 5.50 0.7 0.75 170
Paraquat 417 5.75 732 1 45 o a3 215
[Diguat 590 355 5 50 2 30 1 50 1.60
MOPA 1.00 4 07 & BO 145 205 295
[iallate 1775 L3 1112 3.85 2.95 2.85
Oxyfluorfen 7.65 b 35 9 g5 175 110 1.65
2.4-D 573 312 15 13 2.03 235 2.55
Amitrale 6 B0 1 30 4 35 170 2.45 1.05
thichluromate 807 1% 25 Tz 0 35 370 200
Furadan 2105 14 80 14 25 .95 4.15 2.50
Neguvon 1.75% 352 5 b5 1 9% 290 265
Check 1132 _— — 245 —
SEM + Clyat 990 SEM 5 [ at 9%
Chemacal Nh NS ] 0 08
Dose NS NS 0ol 003

Chemcal x Dose NS NS o7 014



dose resulted into a better root weight.
Alachlor, diphenamid,monolinuron, pa-
raquat., diquat, and oxyfluorfen had re-
duced root weight than control

All the chemicals at three different

doses exhibited lower root-knot imdex
than the control except thiobencarb

at 2 kg ai/ha  However. the
root-knot index for chemicals and do-
ses were not significantly different from
vach other. Alachor. monolinuron and
diallate at all the doses exhibited lower
root-knot index consistently. Howe-
ver. paraquat at the lowest dosages recor-
ded the lowest root-knot index and at
increased dosages there was a correspon-
ding increase in the root-knot index
{'labic 4).

Final nematode count {soil + root)
in all the chemicals indicated lower
population level than control. The final
nematode  population in thiobencarb,
diphenamid, monolinuron. paraquat,
MCPA, diallate, oxyfluorfen, amitrole. di-
chloromate, turadan and neguvon was
lower than the initial inoculated popula-
tion (1500 larvae/1.5 kg sml). At 1 kg
a.i./ha diallate had lowest recorded po-
pulation next to furadan (Table 4).

Schmitt (1972) reported MCPA to be
effective  against  fleterodera  avenae
and Pratylenchus sp. in reducing the in-
lestation which is in contradiction to
the present findings. King, ef al.. (1977)
reported a similar trend by using some
thipcarbamate herbicides which were not
effective against M. arenarta. Osman and
Viglierchio (1981) recorded reduced num-
ber of galls by application of glyphosate
which is in agreement with the present
findings.

Qutof the wested herbicides, dichloru
mate and monolinuron caused direct mor-
tality of M. inrogrita larvae significantly

higherthan the other herbicidesincluding
furadan and hence possessed nematicidal
properties. But these chemicals were not
effective in reducing the root-knot index.
final nematode population as well as in
increasing plant growth parameters. All
these propertieswere found only in dialla-
te proving it to be a better nematicidal
compound against M. incogrita which
can he used to control this nematode effe
ctively,
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Tabie 4. Effeci of various herbicides on root knot index and population development of M

incugnita in lomato.

Root knot index

Nematode population

Dosesha Chemical  1.0kg 1.5kg  2.0kg 1.0kg 1.5kg 2.0kg
Alachlor 2.0 2.0 2.0 1550.00 127650 1638.50
(3.190) ({3.105) (3.214)
Glyphosate 2.5 3.0 35 693,50 283200 2430.00
{2.845) (3.451) {3.383)
Thiobencarb 4.0 2.5 3.0 352,00 626.00 1025.00
(2.546) (2.796) (3.010)
Diphenamid 2.0 2.5 25 901.00 462.00  550.00
(2.954) (2.662) (2.739)
Monolinuron 2.0 2.0 2.0 842.50 B304.00 485.00
(2.924) (2905) (2.683)
Paraquat 1.0 30 35 49500 854,00 1370.00
(2.694) {2.931) (3.136)
Diguat 2.0 3.5 35 561.00 66650 5649.50
(2.748) (2829} (2.754)
MO PA 2.0 2.5 35 1023 .50 457.00 545.00
(3.009) (2607) (2736)
Diallate 2.0 2.0 2.0 41660 1102.00 1203.00
(2.619) (3.041) (3.800)
Oxyfluorfen 1.5 2.0 1.0 676.50 19650 70750
(2.835) (2.293) {2.84%
2.4-D 3.3 3.0 2.0 807.00 224200 700.00
(2006} (3.350}. (2.845)
Amitrole 30 3.0 3.3 118260 Ye0.00 633500
(3.072) (2.880n {2814
Dichloromate 2.0 2.5 2.3 351.00  1257.00 518.00
(2.740} {3099y ({2714
Furadan 2.9 3.0 30 281.30 30600 777.00
{2447) (2.485) {2.890)
Neguvon 3 2.0 1.0 f15.00  721.00 595.00
vooTady (2857 (2777)
Check 4.0 — — 4135.00 -~
(3.616) — —
Figures in parenthesis indicate log transformed values:
SEM+  CDatsw SEM+ CDat 5%
Chemigal NS NS 0011 0.023
Dose NS NS 0.005 oo
Chemical £ Dose 1141 .84 0.020 0.040
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