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ABSTRACT

Aqueous leaves extract @itrus aurantifolia and chemical pesticide, Triazophos with differentnbinations
have been tested against root knot nematddi@pidogyne incognita. Experiments were conductad-vitro and in
micro-fields on host plant chickpe@icer arietinum L. Field application of mixtures was tested bydseeaking method,
foliar spray method and direct soil treatment mdthim-vitro experiments showed more than 95% juvenile rfdortality
of nematode parasite in 5: 5 combination of leasdract and triazophos treatment. This combinaties also found very
effective by different treatment methods in micield experiments. A significant increase in shauitgth and weight and
root length and weight of host plant was observén: greatest reduction in nematode population wiithoot knot index
(RKI) was noticed in 50:50 combination treatmentciifus leaves extract and triazophos when compettd infected
control. This treatment also influences the nundfdracterial nodules, percent germination of semtus seedling vigour

index (SVI) over normal control.

KEYWORDS: Citrus aurantifolia, Integrated Pest ManagemeMgloidogyne incognita, Nematicidal Efficacy,Root

Knot Nematodetriazophos
INTRODUCTION

Pulses are an important ingredient of human dieatise of their high nutritional value (iron andtgio) at a low
cost. They can be used for innovative and nutréarise food products to combat malnutrition. In #ria of Green
Revolution with major focus on staple food likeeriand wheat, pulses were relegated to the mariginds with least of
inputs. Pulses improve productivity of farming gyss through reduced nitrogen requirements and wegrsoil health.
After considering the importance of pulses for asimstble development FAO in 2013 declared the ydr62as
International Year of Pluses (I'YOP-2016). Duringl2€13, pulses production in the India was 18.34ianiltones and is
expected around 20 million tons in the 2013-14 wittecord growth rate of more than 3% (Annual Repoi3-14, IIPR,
India). Among the pulses, Chickpe@iger arietinum L.) is one of the most important pulse crops indndanking fourth
among grain crops in acreage and production. ltipies about 6.67 x £@ectare of agricultural land producing 5.3 ¥ 10

tons annually in India (Singh 2012).

Plant parasitic nematodes are major pests of dgmalicrops and are responsible for yield lossat® the 50%
(Abbasi et al., 2008). Among these, root knot neet the genusteloidogyne is distributed worldwide. They are known
to have a wide range of host plants including motgedons, dicotyledons, herbaceous and woody pléfitca et al,

2004). Several nematode species are associatedchithpea causing damage to this crop. Root kmwhatodes,
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Meloidogyne arenaria, Meloidogyne incognita and Meloidogyne javanica are reported to cause 13.7- 60% losses in
chickpea (Sharma and McDonald, 1990, Ali, 2009fedtion of four races dofl. incognita (R1, R2, R3, and R4) and one
race of M. arenaria (R2) was found to be prevalent in Uttar Pradesloliddin and Khan, 2014). In such situation,
chickpea crop appears to suffer more seriously.ddsynthetic nematicides is one of the fast andtmaffective methods
to control such parasites, but the injudicious amtiscriminate use of chemical pesticides resuitedontamination of
food chain. In search of alternative methods totrmbdrnthe plant parasitic nematodes, the applicatidnbotanical
biopesticides is a better option. Due to plantiarihese botanicals are cheap, biodegradable anfrieadly and are not
harmful to non target fauna including human beifig.now many of the plants, plant parts and thegtive components
have been evaluated for their nematicidal propenverldwide and positively these were found potienteducing the
nematode infection on plants (Saxena and Singh2;2B8rvanpriya and Sivakumar, 2005; Wiratno et209; Rehman
et. al., 2012; Wondimeneh et. al., 2013). SaxembSingh (2001) also reported effectiveness of oephant extracts for
their nematicidal potentialities where they obsdrsegnificant mortality of second stage juvenilerobt-knot nematode.
Botanical biopesticides release various activeeadigmts which have nematicidal properties (Trifam@nd Atanasov,
2009; Du et al, 2011; Ojo and Umar, 2013).

Combinations of botanical biopesticides with somewn chemical nematicides were also found to bectffe
against plant nematodes (Sayeeda and Ahmad, 208%ak4 et at, 2012). The present work has beeredarut to test the
nematicidal potency of leaves extract @itrus aurantifolia alone as well as in combination with synthetic rolel
pesticide Triazophos against root-knot nematlboidogyne incognita infesting chickpea plants of susceptible variety,
Pusa 362.

MATERIALS AND METHODS

In Vitro Experiments. Laboratory experimentsr(vitro) were setup to evaluate the nematicidal effedeates
extract alone and in combination with synthetic ataide (Triazophos) against second stage juven{lgs of
Meloidogyne incognita. Dose combinations of leaves extract and Triazephere prepared in different ratioz. 9:1,
likewise 8:2, 7:3, 6:4 and 5:5.

One ml. juvenile suspension containing approxinya8&-48 juveniles in each vial mixed with same voduof
each of the above concentration. Vials were covéngaluminum foil and kept in BOD incubator at 24&1for the

exposer oBhrs, 6hrs, 24hrs, 48hrs and72hrs. Each exposer was replicated thrice.

After the desired period of incubation, the mojtaleniles were counted with the aid of a stereo®cbmocular
microscope. The percent juvenile mortality had bealtulated according to Abbot's formula (Abbot, 259 from the

average of three replication and data were analgmedconverted to natural corrected % mortality.

; Number of Mortal L
Percent mortality of J2 = D o o A %100

Total Number of Larvae taken

Abbot’s Formula

% Test Mortality — % Control Mortality
100—% Control Mortality

Correct % mortality =

In vivo Experiments

Micro-field experimentslf vivo) were processed by the following techniques-
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Sea Soaking and Foliar Spray Methods

Field trials comprising of seven treatments wenedcted with 390 ppm of lemon extract and Triazaphd EC
as stock. Combinations of these two in 9:1, 8:3, B:4 and 5:5 ratio along with stock and contrerevtaken for seed
soaking method. Seeds were soaked for 24 hrs amdatih dried later. The coated and dried seeds there sown in the
micro-fields of plot size 7’ x 7’ feet. Un-inocud Control (NC) with seeds soaked in petroleumretimel a purely
infested plant as Inoculated Control (IC) were also parallel. After ten days of germination eadénpwas inoculated

with 1000 freshly juveniles d¥leloidogyne incognita. Each experiment was replicated thrice.

Foliar Spray Application of same treatment were given to the plant withhbk of hand operated knap sprayer
fitted with flat fan nozzles at the crop age of d@ys. The experiment was terminated after 60 ddysowing.
Observations were made on plant growth charactetsnamatode population at the time of terminati®ach treatment
was replicated thrice. Un-inoculated and Inocula@eatrol experiments were run parallel for a che@kservations were

recorded after 60 days inoculation on plant gropahameters and nematode population on terminafierperiment for-
* Fresh shoot length (in cm)
» Fresh root length (in cm)
» Fresh shoot weight (in gm)
e Fresh root weight (in gm)
e Root-Knot Index (RKI)
*  Number of Bacterial Nodules

Calculation Used in n Vivo Experiment

Percent Germination of Seeds

Total number of seeds germinated

x 100

% Germination =
% Total number of seeds sown

Seedling Vigour Index (SVI)
SVI = (Shoot length + Root length) x % germination of seeds

Percent Increase/Decrease (I/D) in Length/Weight ddhoot/Root

x 100

Percent Increase or Decrease =

Where, T= Length or weight of experimental objaatl
C= Length or weight of control object

Root -Knot Index (RKI) was Calculated according toReddy et al (1997)

__ Number of total galls counted in each replicate

RKI =
3

Scale rating (0-5) was considered according to dra§l Sasser (1978)iz., 0= disease free, 1= very mild, 2 =

mild, 3 = moderate, 4 = severe, 5 = very severe
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RESULTS AND DISCUSSIONS

In vitro Experiment: Effect of Combinations of Leaves Extrat of Citrus aurantifolia and Triazophos on

Juvenile () Mortality

Different combinations o€itrus aurantifolia with Triazophos were found effective againsts) of M. incognita

as showrin Table 1. Treatment of 9:1ratio dose shows 54,169416% and 86.67% mortality of dfter the exposer of 3
hrs, 6 hrs and 48 hrs respectively. 48 hrs of eapgwes 100% of juvenile mortality. In case of 8dhcentration 3hrs and
6 hrs exposure shows 62% and 75.83% mortality winicieased upto 94.16% and 100% after 24 and 48=Bpectively.
7:3 and 6:4 both the concentrations were also foefffiective as these kill 100% population gf(3) after 48 hrs of
treatment. Out of all the concentrations, 5:5 wienend to be the most effective as it recorded 7 &fter 3 hrs and
87.67% after 6 hrs, 97.66% and 100% after 24 & #8rbspectivelyCitrus aurantifolia leaves extract alone was found to
be equally good when compared to triazophos, agai(s). Their population reduced to 31.66% after 3ilhromparison

with triazophos which recorded 40.38% mortalityea® hrs.

In the present work, combination €f aurantifolia leaves extract and triazophos gave promising resastit
reduced the population of (§) of M. incognita. The was in agreement with EI-Nagdi and Youssef 820&ho carried out
comparative studies between plant extract and atieide Cadusafos 10G (Rugby) to contrg(s) of M. incognita. They
found that botanical extracts of garliélljum sativum) cloves and castor beaRi¢inus communis) seeds were more
effective and significantly (g 0.05) reduced nematode criteria including numbegadls and egg masses on roots of
tomato and number of juveniles in roots and sodreHalsoC. aurantifolia leaves extract is as good as triazophos for the
growth of chickpea. Previously Mojumdar and Mislii®91) observed that soaking of chickpea seed énattjueous
extracts of leaves of bhang, katefirgemone mexicana) and neem reduced the penetratiorivbfincognita in chickpea
seedlings. Kaushik, (2002) investigated the eftédiactory effluents and same synthetic pesticiitlzdphos againsvl.
incognita infecting chickpea where she recorded the 42.67%@8 juvenile mortality after 6 hrs to 72 hrs espe.

Table 1: Effect of Citrus Aurantifolia Leaves Extract and Triazophos Alone and in Combiniion
against Juveniles oM. Incognita under In Vitro Condition

Percent Mortality After Hours
S. No. Treatments 3 6 24 48 72
1 9:1 54.16 | 69.19 | 86.67 | 100 -
2 82 62 | 75.83 | 94.16 | 100 -
3. 7:3 69.33 | 84.16 | 95.83 | 100 -
a. 6:4 52.83 | 69.16 | 84.67 | 100 -
5 55 75.87 | 87.67 | 97.66 | 100 -
6. |Lemonextract | 4 g5 | 4567 | 50.83 | 65.77 | 80.83
(390 ppm)
7. | Triazophos 40EC| o5 | 5533 | 7667 | 94.83 | 100
(390 ppm)

In-Vivo Experiments: Seed Soaking and Foliar Spray

The results showed that seed soaking and foliaysjegether improved the shoot-root length. All tteatments
were found significantly superior to the controlpgesented in Table Eitrus aurantifolia and triazophos alone as well as
in combination were proved to be effective agairngt incognita, as mentioned above. All the treatments were effecti
but out of three combinations (5:5) was observededahe best as it enhances the overall growtth@fshoot length

(31.0cms), root length (20.2cms), shoot weight 8 and root weight (6.6cms). The highest decré@asematode
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population, showing nil RKI (00.00) was noticed endb0-50 combination o€. aurantifolia and triazophos when
compared with inoculated control of infected coh(i€). Number of bacterial nodules were also ilased (33.9) over
un-inoculated control or normal control (NC) folled by the other combinations 6f aurantifolia leaves extract and
triazophos 8:2>9:1>7:3>6:4.

Percent seed germination and Seedling Vigour In@x%l) were also increased over un-inoculated céntro
Triazophos alone gave promising results againstrjiles of M. incognita as it reported nil RKI (00.00) as shown in
Table 2 and this was in agreement with earlier woffk Bopaiah et al., (1976). In the present wordmbination of
C. aurantifolia leaves extract with triazophos as well as seedisga&knd foliar spray method together reduced the
nematode population but also there was increasednle formation as compared to inoculated control.

Table 2: Effect of Treatments Individually and in Combination of C. aurantifolia
Leaves Extract & Triazophos by Seed Soaking & FoliaSpray Method

Fresh Germ
Fresh root Seedling
shoot No.of | % % ination .
Treatments RKI Vigour
Length | % | Weight | % | Length | % | Weight| % | Nodules | LD D | %Q0 e
(cm) | ID | (gm) | ID | (m) | ID | (gm) | ID days)
Uningculated B4 | - 67 S| - 40 i 192 i i i 8667 | 3163455
Contral(NC) o : : ' - : -2
C. anrantilolia 289 | 2350 | 80 | 1940 | 150 | 1450 | 53 | 325 | 250 |3020| 126 | ..., | 7333 | 3219187
+triazophos(9:1) 93.54
C. aurantifolia 7 2435 7 s s 7 -
A o 201 |2435| 83 | 2388 | 176 [3435| 56 | 40 | 284 |4791| 98 | 80 3736
C. awrantifolia 19 9 M5 g 75 9 9 9 } 57
A o 282 2051 | 79 | 1781 | 149 |1374| 45 | 125 | 231 |2031| 128 | g | 7333 | 3160523
C. amantifolia. 269 | 1495 | 87 | 2985 | 144 | 992 | 43 | 75 | 216 | 125 158 | 66.67 | 2753471
+riazophos(6:4) 91.21
C. ancantifolia 301 |2863| 93 | 3880 | 202 | 5419 | 66 | 65 339 | 7636| 0 0 933 4692.99
+riazophos(3:5)
C. awrantifolia 28 | 1965 85 | 2686 | 179 | 3664 | 54 35 290 | 5104|144 | g g 80 3672
' 30 | 2820 | 90 | 3432 | 189 | 4427 | 57 | 423 30 | 5625| 0 0 933 156237
| Triazophos
Inoculated 174 | 2564| 46 |3134| 62 |5267| 28 | 30 i - s |- 5333 | 1258.588
control(IC)

Root knot nematodes are known to cause reductiowdlation in leguminous plants, thus directlyeafing the
nitrogen fixation in leguminous plants. Coating ke seeds may create unfavourable environment drthen growing
points or emerging roots might have acquired soeséstance tolerance the nematode. Recently Trifbr@\Atanasov

(2009) also studied the effect of some plant extragainsiMel oidogyne andGlobodera nematodes.
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