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Original Research Article
Efficacy of sweet orange and cassava peel amendments for the management of
root-knot nematodes on tomato

Abstract

Aim: To determine efficacy of organic amendments innia@agement of root-knot nematodes.

Design of the study: Experiments were arranged in a Complete Randoniastgn (CRD) with
]five treatments replicatddm]five times and Randomized Complete Block Design BRTwith
11 treatments replicated four times at the laboyadad field respectively.

Study place and duration: The studies were carried out in the Nematology ratooy and
research field at the Faculty of Agriculture, Kwarhkrumah University of Science and
Technology (KNUST), Kumasi, Ghana from March, 2@d4anuary, 2015.

Methodology: Five aqueous extracts: 1.Fresh sweet orange p&d#?)( 2. Fresh cassava peel
(FCP), 3. Dry sweet orange peel (DOP), 4. Dry caspael (DCP) and Sterilized water (control)
on egg hatching inhibition and juvenile mortality r@ot-knot nematodes were studied at the
laboratory. Eleven treatments (1) FOP, (2) DOPB, k&R, (4) DCP, (5) FCP +FOP, (6)
FOP+FCP (7) DOP+DCP, (8) DCP+DOP, (9) NPK and ({MHSQ,) fertilizers, (10)
Carbofuran, (11) No application (control) agairitrknot nematodes were studied on the field.
Results: At the laboratory, the highest percentage egghiragcinhibition (87.8%) and juvenile
mortality (94.8%) of root-knot nematodes were reeorby—usirgn the fresh-sweeterange
peemB_Dzl agueous extract. Significant differences (P<0.88)ye observed betwedresh
sweetorangepeeFOP aqueous extract and the rest of the treatmbntstﬁéofield experiment,
all the plotswere amended with sweet orange and cassava peels ¢degithe application of
NPK and ((NH), SQy) fertilizers.\[sog]The combined application éfeshsweeterangé&OP and
cassava—pedOP significantly increased (P<0.05) yield more thae test of the treatments.
Carbofuran, followed by the combined applicationfi#fsh sweet orange and cassava peels

significantly reduced (P<0.05) gall index, numbédr emgs, number of root-knot nematode
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juveniles in the root and number of nematodes @ $bil in both seasons. However, no
significant difference (P>0.05) was observed antbegisos].

Conclusion: The sweet orange and cassava peels were folreldffective in reducing galling
and population of root-knot nematodes in the ramis soil of tomato. Also, the aqueous extract
of fresh and dry sweet orange and cassava peeledhugh potential in egg hatching inhibition
and juvenile mortality of root-knot nematodes. thar evaluation of the combined application
of fresh sweet orange and cassava peels at farfirdlds is recommended. Also, methods of
application, for example, in the form of aqueousant should be tested.

Keywords. Organic amendments; aqueous extracts; fungal antagonists; inhibition; mortality.

1. INTRODUCTION

Root-knot nematoded/eloidogyne spp.) are among the most polyphagous and damagimegra

of plant-parasitic nematodes (1). In the tropiégnificant yield loss has been recorded-in
tomato due to root-knot nematode damage and, inesmxsegases;the plants die before
reaching maturity (2). The high rate of developmamd fecundity of these nematode species,

makethemtheir controldifficult te-controlon-crepy(3).

In many cases, crop losses are reduced by theabapplication of expensive and highly toxic
soil fumigants or non-fumigant nematicides. Thekentgicals pose seriodssmanhealthand
environmentahealthhazards and therefore, not sustainable. In adlitlte economic cost of
research and registration of new chemicals areobisfacles for prospective new chemical
nematicides to overcome. Also, agrochemical congsaare more likely to focus their spending
on research into products with a potentially higltarket-value such as herbicides and
insecticides than nematicides. Therefore, many Nelogists are pessimistic about the
importance of future chemical management of nensodonsequently, several groups of
Nnematologists are trying to develop plant-based atenproducts foreffective nematode

management.

Alternative control techniques, such as organic radmeent have been used with some success.

The use of organic amendments for management aft-plrasitic nematodes has been
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demonstrated in a number of studies (4, 5, 6). nNseed cake, castor seed cake, castor bean

extract,

sweet orange and cassava dpaelﬁhave been widely studied for their nematicidal

properties (4, 7, 5).

Sweet orangespsjand cassava are largely consumed in Ghana but ékés end up as
wastego7], the disposal of which causes both economic andrammental problems. The
effective and sustainable use of sweet orange asshua peels as organic amendment for root-
knot nematode management is highly desirable. Laljimen et al. (8) reported significant
reduction of root-knot nematode in roots and sbitarrot using dry sweet orange and cassava
peels in the Republic of Benin. However, limitedearch has been made on fresh sweet orange

and cassava peels and their combination as orgamndments to control root-knot nematodes.

In Ghana, there is limited information on the ug@lant materials in the management of plant-
parasitic nematodes (9). Farmers mostly dependuttaral practices such as crop rotation,
which sometimesde—net—givéail to yield good result. However, organic amendnsehave
potential of mitigatinghe effects of plant parasitic nematodes on crops tjitaheir chemical
composition and/or influence on nematophagus fangi free-living nematodes. Therefore, the
purpose of this study was to evaluate the efficafcfresh and dry peels of sweet orange and
cassava in the management of root-knot nematodss, ¥ evaluate the effect of sweet orange
and cassava peels on thematephagudiocontrol fungi (Trichoderma spp.) and free-living

nematodes.

2. MATERIALSAND METHODS

The studies were carried out in the Nematology raooy and research field at the Faculty of
Agriculture, Kwame Nkrumah University of Sciencedaiechnology (KNUST), Kumasi,
Ghana, from March, 2014 to December, 2015.

2.1. Laboratory experiment: Evaluation of sweet orange and cassava peel agueous extracts
for their nematicidal potentials on root-knot nematodesin vitro

Complete Randomized Design (CRD) with five replmas was used.

The treatments used were agqueous extracts of:

3
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1) Fresh sweet orange peel
2) Dry sweet orange peel
3) Fresh cassava peel

4) Dry cassava peel

5) Sterilized water (control)

2.1.1 Sour ces of the organic amendments

Each of the organic amendments was collected fhemsame source to maintain homogeneity of
the materialsFully riped fruits of the sweet orangeCifrus sinensis [L.] Obsbeck) variety,
Valenciawerewasobtained from Council for Scientific and Industriésearch-Crops Research
Institute (CSIR-CRI), Fumesua, Kumasi, Ghana. ddmsava variety “Debo” was obtained from

a farmer’s field at Kumasi.

2.1.2 Preparation of the aqueous extracts of the organic amendmentsfor thein vitro studies

The sweet orange and cassava peels were cut ialbpsietes of approximately 0.25éhenrgth
Portions of the fresh peels of sweet orange ansawaswere air-dried under shade in the plant
house for two weeks to obtain the dry peels. Famdardization, a sub-sample of 100g of fresh
and dry peels of sweet orange and cassava weredosehseparately at 7@ for 72h and then
weighed to determine the dry matter content. Tdwewalent to 50g dry matter of each peel was
soaked in 150ml of distilled water (1:3 w/v dilutiofor 24h in a beaker at room temperature.
The aqueous extract of each type was collected ibying through cheesecloth. Twenty

millilitres (20ml) of each aqueous extract was disged into separate 9 cm diameter Petri dish.

2.1.3 Sterilization of the soil for culturing of root-knot nematodes

Top soil was mixed with river sand at a ratio of.3The resultant soil mixture was sieved with
2mm diameter sieve to remove debris and stofies|soil mixtureigogiwas placed in a metal
barrel with water and heated on fire at 80°C for Bfier sterilization, the soil was allowed to

cool for 24h before used for the filling of the pot
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2.1.4 Culturing and extraction of root-knot nematode juveniles and eggs

In order to obtain pure root-knot nematodes cujtegy masses were collected from infested-
tomato roots from a farmer’s field near KNUST. aflic buckets were each filled with 8kg of
the steam-sterilized soil mixture and 21-day-olch&to seedlings nursed in sterilized soil were
transplanted. The plants were inoculated with -kow@it nematode eggs, two weeks after
transplanting and allowed to grow for two monthsttat plant hougens). Two months after
inoculation, the plants were uprooted and rootseweashed gently under tap water to remove
soil and debris. The roots were cut into pieceabafut 0.5cm length with a pair of scissors. The
root-knot nematodes juveniles were extracted usmaglified Baermann tray method (10).

Extraction of root-knot nematode eggs was donegusiadified Hussey and Barker method (11).

. 2.1.5 Assessment of root-knot nematode juvenile mortality in the different aqueous

extractsin vitro

A total of 100 root-knot nematode juvenilessvere placed in each Petri dish containing the
20ml of the aqueous extract from each treatmeiie Aumber of dead root-knot nematodes was
counted at 24, 48 and 72h after inoculation. Thenobileed nematodeghat-were assumed
dealth-and were then transferred into Petri dishes contaisitegilized water. The Petri dishes
were left on the bench under laboratory conditimmsanother 24h. Nematodes were probed with
a sharp-edge needle under a microscope and thetlmatewere straight in shape and remained

immobile even after probing were considered de&jl (1

2.1.6 Assessment of root-knot nematode egg hatch inhibition in the different aqueous

extractsin vitro

Also 100 eggs were counted with the aid of a stenemoscope and placed in each Petri dish

containing 20ml of each aqueous extract. The FBlethes were placed on a laboratory bench at
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average temperature of 28° C for nine days. Thebeurof eggs hatched was counted at 3, 6 and

9 days after inoculation.

Counting of the hatched juveniles from the eggs dead nematodes was carried out using a
stereo microscope as described above. Squarewaesmade at the underside of the Petri dish

and all the juveniles and eggs in each square omreted.

2.2 Field experiment: Effect of sweet orange and cassava pedls and their combinations on
root-knot nematodes of tomato in thefield

2.2.1 Description of the experimental location

The experimental site was at the research fielthefFaculty of Agriculture, Kwame Nkrumah
University of Science and Technology (KNUST), lezhton longitude 01° 33’"W and latitude
06° 41°N. The soil was loamy sand Dystric Cambisol with a position of 87.3% sand, 7.0% silt
and 5.7% clay in the topsoil (0-15cm). The pH, patage organic carbon and total nitrogen were
7.4, 1.2 and 0.06 respectively.

The site was previously grown to tomato, pepper agdplant. Before planting of the
experiment, weed samples were collected and ideatiThe most predominant weeds were

Cyperus rotundus (L.) [gpzojand Panicum maximum (Jacq.).

2.2.2 Experimental design

The experiment was arranged in Randomized Comébek Design (RCBD) with four
replications. Plot size was 2m x 4m with walk-wafy 1m between plots and blocks. The
experiment was repeated for two seasons at the kmaton; the first experiment was carried

out in-the-majoeduring thepeakrainy season (June to September, 2014) and thedeeduring

the mineroff peakrainy season (November, 2014 to January, 2015) eXperiment was carried

out under naturahfestatiortonditions without any nematode inoculation

The experiment consisted of the following treatrsent
1) 50g/plant of fresh sweet orange peel
2) 50g/plant of dry sweet orange peel
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3) 50g/plant of fresh cassava peel

4) 50g/plant of dry cassava peel

5) Zero application (control)

6) 25g/plant of fresh cassava peel + 25¢g/plantedtrsweet orange peel

7) 25g/plant of fresh sweet orange peel + 25g/plafresh cassava peel

8) 25g/plant of dry sweet orange peel + 25g/plantrgfaissava peel

9) 25g/plant of dry cassava peel + 25g/plant of drgetvorange peel

10)NPK (15:15:15) + Ammonium sulphate (W SOQy) fertilizers

11)Carbofuran (Chemical nematicide)
2.2.3 Soil preparation for transplanting of tomato seedlings
Weeds at the experimental site were cleared usitigss, and ridges were raised to the height of
about 20cm. The ridges were spaced atr@@Gpart and small bunds (tie-ridge) were constdict

between them to help reduce erosion in the furrows.

2.2.4 Preparation and application of the organic amendments and carbofuran to the sail

Both fresh and dry peels of cassava and sweet enaage used. The dry peels were obtained by
drying fresh peels under shade for two weeks andthged into slightly powdery form using
mortar and pestle. The fresh peels were cut imtallspieces (approximately 0.258m Each
type of peel was applied at the rate of 50g drytengtlantzp11)(8).

The single dose treatments were applied four wéelsre seedlings were transplanted. The
peels were placed on ridges in 10cm diameter cactkOcm apart and thoroughly incorporated
into the soil with a hand fork to a depth of 10crfihe first part of the combined treatments
(sweet orange and cassava peelg¥ewe applied four weeks before and the second part was
applied at three weeks after transplantipgi2The amendments were placed around the plant in
the form of a ring at 5cm radius from the baseawfheplant and incorporated to a depth of 10cm
and covered with soil to facilitate decompositiom @listribution of the constituents into the soill.
Carbodan 3% G carbofurar2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate) was
applied at four weeks before transplanting at tte of 0.5g per plant and incorporated as the
organic amendment described above. The productmeasifactured by Shenzhen Baocheng

Chemical Industry, China.



221

222

223

224  2.25Transplanting of seedlingseoi3jiand application of fertilizers

225 |[Four-week-old tomato seedlings (var. Power) wearsplantegsoi4onto the ridges at a spacing
226 of 50cm intra-row and 90cm inter-row. Vigorous aegual height seedlings were used to

227 maintain uniformity.

228 NPK (15: 15:15) fertilizer (Zouping Runzi Chemidabustry Co., Ltd., Chinayas applied at a
229 | rate of 250kg/ha at four weeks after transplanting. In additiammonium sulphatg(NH,)

230 | SOy]) was applied at a rate of 125kg/ha (12) at six weadker transplanting. Both fertilizers
231 (NPK and (NH), SOy were applied in rings at 5cm radius and 10cm digem the base of each

232 plant and covered with soil.

233 2.2.6 Application of fungicide and insecticide

234 | MerpansoisiJ 50WP (Captan 500g/kg) and Folpas0 WP ( Folpet 500g/kg) fungicides made
235 by Makhteshim Chemical Works Ltd, Israel were aggblat the rate of 1.2kg/ha every two
236 | weeks. The insecticide Acceta $ta(16g Acetamiprid/L and 30g Bifenthrin/L) was aali
237 | every week at the rate of 1L per hectare. Gal§p00g of Acetamiprid/L, Makhteshim Chemical

238 Works Ltd, Israel) was also applied at the rat@.6L/ha every two weeks to control whiteflies.
239 All pesticides were thoroughly mixed with watertive knapsack sprayer and applied.

240

241 2.2.7 Cultural Practices

242 Weeding was done three times using a hoe. At sigkei@fter transplanting, the plants were
243 staked using sticks and rope to prevent fruits fimawing contact with soil. Supplementary

244 | firrigationspi6] was carried out when there was no raintalting the off seasdm-the—rainer

245 | seasen

246

247

248 2.2.8 Extraction of root-knot nematode eggs and juveniles from roots and soil

249 | The tomato plant roots were uprootetithree months after transplanting and taken to the
250 Nematology laboratory for extraction of root-kn@nmatode eggs and juveniles. The roots were

8
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washed with running tap water and dabbed dry vis$sue paper. The roots were cut into pieces
with a pair of scissors. Ten grames {10g)-of the cut roots from each sample was used to
extract root-knot nematode eggs and juveniles. inguthe root sampling, a ball of soil was
collected together with the root. Each soil sanwpées separated from the roots and thoroughly
mixed by hand and air dried in the laboratory. @aoadred millilitres (100ml) of soil from each
sample was measured using electronic scale (Ma€¥iXb3, Myweight Co. Ltd, USA). The
root-knot nematode juveniles were extracted froenghil using Baermann tray method (10). The

modified method of Hussey and Barker, (11) was tsexktract the eggs from the roots.

2.2.9 Morphological identification of nematodes

Nematodes relaxed and preserved in formalin andeghy (14) were used for identification.
During identification, 1ml of the nematode suspensn a tube was collected with a syringe and
then placed into a counting tray under the inveréednpound microscope (Leicd.eica
Microsystems company LtdGermany). Thepieture-images of the nematodes werken
atrecorded atnagnificatiors 25x and 40x and were later used for identificatiofhe following
features were considered during observation torehte a particular genus: shape of the
nematode at death, shape of the head, lip regiglet shape, median bulb, position of the
overlap, vulva position, spicule position, preseace absence of bursa and shape of the talil.

[BD17]

2.2.10 Data collected
Data were taken from soil and plant roots. Sevanobl4 plants in each plot were selected at

random from each plot and permanently tagged fta dallection.

2.2.10.1 Number of fruitsand yield of tomato

The tomato fruits harvested from each of the sepkmts were counted and weighed to
determine the yield at maturity. The fruits werevested when ripg(red colour). The yield data
collected at different intervals were summed upawe the final data for each treatment.

2.2.10.2 Number of eggs and nematodesin roots and soil at harvest

9
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Soil and root samples were collected at three nwafter transplanting for extraction of root-
knot nematodes as described above. A total oktplants were systematically uprooted from
each plot{spis]

2.2.10.3 Deter mination of gall index of root-knot nematodes on tomato roots

Galling were assessed on the roots of tomato pkHftes harvest using gall index scale of 0-10
(15) described below.

0 = No knot on roots; 1 = Few small knots, diffictd find; 2 = small knots only but clearly
visible, main roots clean; 3 = some larger knotsble, main roots clean; 4 = larger knots
predominate but main roots clean; 5 = 50% of raotested, knotting on some main roots,
reduced root system; 6 = knotting on main roots;niajority of main roots knotted; 8 = all main
roots, including tap roots visible; 9 = all rootverely knotted, plant usually dying and 10 = all

roots severely knotted, no root system, plant Ugaialad.

2.2.10.4 Deter mination of fungal antagonistsin the soiliepig]

Before application of the treatments, five cord-samples were collected at a depth of 0 -15cm
and mixed to form a composite for each plot. Thik samples were dried under shade in the
laboratory for 48h before isolation. Fungi werdased by serial dilution at 1%220] and number

of colonies for each fungus was counted and idedtifThe Potato Dextrose Agar (PDA) was
used to isolate the fungi and identified using ampound microscope (Leical-eica
Microsystems company LtdGermany), specimen and reference manuals (16).oP#re same
samples wasereused to extract and determine the populationes-ftiving nematodes.

2.2.11 Data analyses
The data collected from the experiment were subjecd| ANOVABD21) using GenStat. i

edition software. The means were compared using &6P<0.05. Nematode and egg counts

were square root transforrﬂleﬂzz] J (x + 1) where x is the mean count before statistical amaly

and back-transformed.

10
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3. RESULTAND DISCUSSION

3.1 Laboratory experiment: Evaluation of sweet orange and cassava peelsfor their
nematicidal potentialsin vitro

3.1.1 Percentage eggs hatched at 3, 6 and 9 days after inoculation in different aqueous
extractsin vitro

The effect of organic amendments (sweet orangecassiava peels) on root-knot nematode egg
hatch inhibition at 3, 6 and 9 days after applmatis presented in Table 1. There were
significant differences (P<0.05) between aqueotreiof fresh sweet orange peel and the other
extracts in all the observation dates except foassava peel aqueous extract at three days after
inoculation (Table 1). However, all the aqueousaets of sweet orange and cassava peels had

significantly higher (P<0.05) percentage egg hatbibition than sterilized water (Table 1).

Table 1. Percentage of eggs hatch inhibition at 3, 6 and 9 days after inoculation in different

agueous extr actgep23]
Treatment Per centage egg hatch inhibition/
days after inoculation

3 6 9
Dry cassava peel 85.1 72.6 70.1
Dry sweet orange peel 89.6 76.6 74.8
Fresh cassava peel 91.0 81.0 79.1
Fresh sweet orange peel 93.1 88.4 87.8
Sterilized water (control) 54.2 10.5 1.9
L SD (0.05) 2.2 5.7 51

11
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CV (%) 2.1 8.3 8.0

The highest percentage of egg hatch inhibitionhim fresh sweet orange peel aqueous extract
may be attributed to the presence of phytochemisath as limonene which suppressed egg
hatching. According to Ismagt al. (17) limonene in sweet orange peels has showodiaal
activity against a wide range of plant pests witleas on the growth rate and reproduction of
plant parasitic nematodes. Oskal. (18) reported that citrus peels inhibited egghiaty by
more than 90% after 72h of exposurevitro. Also, the fresh cassava peel aqueous extract
significantly inhibited egg hatching than dry cassg@eel aqueous extract and sterilized water.
This could be due to the presence of hydrogen dgamihich is known to have nematicidal
properties (19). All the peelgudiedwere—found-tesignificantly inhibied the hatching of

nematodeegg hatehing—more—than-thdien compared taontrol. The effect of the organic
amendments on egg hatching can be attributed tpeahmeability of the eggs due to the pore-

spaces through which phytochemicals pass to suppashing. According to Pergy al. (19),
evolution in the eggshell structure Mieloidogyne spp. before hatchingreis manifested by a
marked change in permeability. When eggshellspareneable, the unhatched second stage
juveniles are susceptible to toxic compounds, widg plant extracts that may have potential as

control agents (19).

3.1.2 Percentage mortality of root-knot nematode juveniles in the different aqueous
extractsin vitro

Table 2 shows the effect of aqueous extracts obthanic amendments on the mortality of root-
knot nematode juveniles at 12, 48 and 72h aftelicgion. \The result of the percentage
mortality followed a similar trend in all the obsation periods. The aqueous extract of fresh
sweet orange peel had significantly higher (P<Qr@natode mortality in all the three periods
observed (45.6, 86.6 and 94.8%), followed by fresésava peel aqueous extract (36.2, 71.0 and
86.6%) and dry sweet orange peel aqueous extréet,(30.6 and 86.4% ) at 12, 48 and 72h
respectively (Table 2pp24

12
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Table 2. Percentage ozsimortality of root-knot nematode juveniles in different aqueous
extractsin vitro

Treatment Percent mortality/
hour s after inoculation

12 48 72
Dry Cassava Peel 22.0 57.0 62.6
Dry Sweet orange Peel 354 70.6 86.4
Fresh Cassava Peel 36.2 71.0 86.6
Fresh Sweet orange Peel 45.6 86.6 94.8
Sterilized water (control) 0.0 0.0 0.0
L SD (0.05) 12 11 2.0
CV (%) 31 12 16

There were significant differences (P<0.05) amamgtments under each of the observation
periods (12, 48 and 72h) (Table 2). Significanfedénces (P<0.05) were observed between
agueous extract of fresh sweet orange peel ancesth®f the treatments applied (Table 2). Tsai
(20) reported that aqueous extract of sweet orgegds caused mortality rate of root-knot
nematode juveniles by 93.5% after 72h of exposiitee highest mortality rate in the fresh sweet
orange peel aqueous extract could be due to higghbility of lemonene in water compared to
hydrogen cyanide. Li and Chang (21) stated thableene moderately dissolved in water and
remained stable for eight weeks after storage,enhyidrogen cyanide had low persistence in
water. Also Liet al. (22) reported that lemonene, which is one ofrtiagor constituents in sweet

orange peel essential oil exhibited strong nendali@ctivity againsM. incognita.

Comparing the fresh and dry peels, it was obsetivatlfresh peels of sweet orange and cassava
had higher effects on egg hatching and mortalityooit-knot nematodes compared to the dry
peels. The higher inhibition effect on egg hatchamgl mortality of juveniles by the fresh peels
agueous extracts may be due to higher concentratiphytochemicals (lemonene and hydrogen
cyanide) compared to the dry ones. Kawetal. (23) have shown that concentration of lemonene

is higher in the fresh peels compared to the defgpdhe concentration of limonene was found

13
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to be significantly higher in the fresh peel of siverange (80.9 %) compared to the dry peels
(66.8 %) (23)BD26]

3.2 Field experiment : Effect of sweet orange and cassava peels and their combinations on
root-knot nematodes of tomato in thefield
The initial population of 686 juvenilgspz7jof root-knot nematodes/100ml soil was observed

before the application of the various treatmenthefield.

3.2.1 Effect of sweet orange and cassava peels on gall index, number of eggs, number of
juveniles of root-knot nematodes extracted from the roots and soil of tomato in the major

and minor seasons

Theeffects of sweet orange and cassava peels omgatjnumber of root-knot nematode eggs,
number of juveniles extracted from the roots anchiber of root-knot nematode juveniles from
the soil in both seasons are presented in Tabdesl 3. The gall indices and number of root-knot
nematode eggs were not significantly different (B5) in the application of carbofuran and
combined application of fresh sweet orange andavaspeels. However, the gall index and
number of eggs of root-knot nematodes were sigmifly lower (P<0.05) in the application of
carbofuran and combined application of fresh sweahge and cassava peels compared with the
other treatments (Tables 3 and 4). Similarly, igmificant differences (P>0.05) were observed
between the application of fresh sweet orange @leae and combined application of dry sweet
orange and cassava peels (Tables 3 and 4). Th&cagt reduction of gall index and number of
eggs in the combined application of fresh sweeh@eaand cassava peels were found to be as
effective as carbofuran. This might be attributethie nematicidal properties in the sweet orange
and cassava peels. Lemonenesimeet orange has been found to be nematicidal and
nematostatic on the hatching and mortality Mf graminicola (24). Higher mortality and
reduction in galling of root-knot nematodes werseed after incorporation of cassava peels

into the soil planted with pepp€25). In addition, low galling and number of eggs on tbets
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could be associated with the potential of

the comdbiapplication of fresh sweet orange and

cassava peels in reducing the population (Tabksd34). Hussaiet al. (26) observed a positive

correlation between the number of galls
nematodes in the roots of tomato.

and eggsewmsind population density of root-knot

Table 3. Gall index, number of eggs, number of juveniles extracted from the root and soil

of tomato in the major season

" ZNumber " “ Number of
of “Number of ;,yenile100ml
Treatments Gall <10 juveniles'10g oy
index 9959 oot
r oot
Fresh Sweet orange Peel (FOP) 2.5 1061 117 379
Dry Sweet orange Peel (DOP) 2.5 1183 131 408
Fresh Cassava Peel (FCP) 2.8 1278 128 432
Dry Cassava Peel (DCP) 3.8 1388 129 475
FCP + FOP 1.8 873 75 329
FOP + FCP 1.3 816 65 280
DOP +DCP 2.5 1124 130 383
DCP + DOP 2.5 1169 132 395
NPK (15:15:15)+((NH), SOy
fertilizers 5.0 1507 185 970
Carbofuran 1.3 797 63 260
Non application (control) 6.3 1521 205 1078
L SD (0.05) 0.4 81.2 16.0 81.1
CV(%) 8.1 2.4 39 55

ZAll count data were back-transformed after tramsfation using,/ (x + 1);
*Galling on scale 0-10, where 0 = no galls and 10ct system completely galled
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436
437
438
439
440
441 Table 4. Gall index, number of egg and juveniles of root knot nematodes extracted from

442 theroot and soil of tomato at thefield in the minor season

“Number
of “Number of *Number of
*Gall eggs/10g  juveniles/10g juveniles/100ml

Treatments index root r oot soil
I(:Fr((e)s;l) Sweet orangePeel 19 831 108 278
?D%g‘)"’eet orangePeel 23 949 133 343
Fresh Cassava Peel (FCP) 2.8 969 136 365
Dry Cassava Peel (DCP) 3.0 1178 143 513
FCP + FOP 1.0 709 99 235
FOP + FCP 1.0 670 88 190
DOP +DCP 2.3 852 127 313
DCP + DOP 2.3 880 132 324
NPK (15:15:15)+ ((NH)2
SQy) fertilizers 7.0 1725 218 1018
Carbofuran 1.0 635 85 175
No application (control) 7.3 1737 226 1113
L SD (0.05) 0.5 48.6 10.8 449
CV (%) 5.6 3.2 3.0 3.2

443

444  * All count data were back-transformed after transftion,/ (x + 11;
445  *Galling on scale 0-10, where 0 = no galls and 166t system completely galled
446

447  The number of root-knot nematode juveniles in thets and soil were also significantly
448 reduced (P<0.05) in the carbofuran and fresh sa@gige and cassava peels combination treated
449 plots compared with the other treatments. Howesarbofuran was not significantly different
450 (P>0.05) from the combined application of fresh etn@ange and cassava peels (Tables 3 and

451 4). Also, the number of root-knot nematode julemnin the roots and soil were significantly
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reduced in all the other treatments (P<0.05) coetpavith the application of NPK (15:15:15)
and ((NH), SQy) fertilizers and control (Tables 3 and 4). Gelgraombined application of
fresh sweet orange and cassava peels performexl teth the sole application of the peels in all

the parameters measured.

The combined application of fresh sweet orange aassava peels was found to be as good as
carbofuran in controlling root-knot nematokbzs]lncorporation of citrus peels in the soil highly
suppressed plant parasitic nematodes in pineapptigtion (27). Similarly, Loumédjinoet al

(8) indicated that dry sweet orange and cassavés gnificantly reduced the number of
nematodes in soil and roots and percentage rodiesdga carrot compared to control. Also,
Johnet al, (28) stated thaiin vitro studies on the effect of cassava cyanogens on dextage
juveniles ofM.incognita showed that both cyanide and acetone cyanohydme bkanificant
effects and similar mode of action. Therefore,dbmbination of fresh sweet orange and cassava
peels could have caused the high reduction of knot-nematode juveniles in the roots and soll
of tomato. This result agrees with that of Sundguaand Kumar (29) who reported that the
integration of organic amendment and green manaemore effective in reducing the number
of nematodes and subsequently, increased planttiyrand yield than the organic treatment

alone.

3.2.2 Effect of the treatments on Trichoderma sp. and free-living nematodes in the soil
before and after application of treatments

The initial population of nematophagus fungus, &acdbus and fungivorous nematodes are
presented in Table 5.

Table 5 Fungus and free-living nematodes isolated from the experiment before treatment

application

No. of fungus and free-living nematodes
Nematophagus fungus Bacterivorous Fungivorous

Heterocephalobellus Eucephalobus Ditylenchus
sp. sp. sp.

2[8D30] 9 8 11

Trichodermajrag] sp.
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The types of microorganisms predominantly foundthe soil wereTrichoderma sp. as
\nematophagu@osl]fungus, Hetetocephalobellus sp. and Eucephalobus sp. as bacterivorous
nematodes anBictylenchus sp. as fungivorous nematode after applicatiorrexdtinents (Table
6). The combined application of fresh sweet oeaagd cassava peels significantly increased
(P<0.05) number of colonies drichoderma sp. (9 colonies), followed by the application of
fresh sweet orange peel alone (8 colonies) (TabléHes might be due to the presence of certain
\chemical compounds that favours gro%mbeaand multiplication ofTrichoderma sp. compared

to the other treatments (cassava peels, NPK (1B)l5and ((NH), SQ,) fertilizers and
carbofuran). According to Dukt al. (30) results obtained from laboratory experimemttioe
evaluation of different substrates for harzianum showed highest growth rate and sporulation
on sweet orange peel substrate compared to othstrates tested. Also, previous research has

shown thatTrichoderma sp, have good potentials+in controlling plant parasitic nematode

contrel Khanet al. (31) reported thal. harzianum decreased the negative effects of nematodes,
leading to a decrease in galling and an enhancemehe growth and yield of the eggplant.
This must have contributed to the low populatiod damage of root-knot nematode observed in

the sweet orange peels amended plots (Tables 8)and

Table 6. Fungus and free-living nematodes isolated from different soil treatments and

their trophism

No. of fungus and free-living nematodesspas]
Nematophagus
fungus Bacterivorous Fungivorous

Trichoderma Heterocephalobellus Eucephalobus Ditylenchus

Treatment
sp. sp. sp. sp.

After After application After After

application application  application
Fresh Sweet orange Peel (FOP) 8 1 1 2
Dry Sweet orange Peel (DOP) 6 0 1 1
Fresh Cassava Peel (FCP) 2 24 18 23
Dry Cassava Peel (DCP) 1 17 16 25
FCP +FOP 8 8 | 5
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FOP + FCP 9 2 2 8

DOP + DCP 7 1 1 2
DCP + DOP 6 5 4 6
NPK (15:15:15) and ((NE> SQ)

fertilizers 2 4 3 2
Carbofuran 1 0 1 0
No application (control) 1 3 4 3
L SD (0.05) 1.2 0.9 1.3 0.8
Cv (%) 5.3 6.7 51 4.8

In the case of bacterivorous and fungivorous nedes, the highest counts were observed in
application of fresh and dry cassava peels compaitdfresh and dry sweet orange peels and
their combinations (Table 6). Theopulations ofbacterivorous and fungivorous nematodes
extracted-from-the-soil-afterapplication iafcarbofuran and fresh and dry sweet orange peels
treated soils werghe—treatmentswverefound—to-be significantly reducedlower (P<0.05)
compared to untreated sadshe-application-obarbofuranandplotstreated-with-fresh-and dry
sweet—orangepeels(Table 6). Odeyemet al. (32) reported that addition of organic
amendments in the soil had resulted in populatmmneiase of free-living nematodes. Potential

changes in the abundance and community structureeefliving nematodes were observed
following the application of organic amendmentstine surveyed areas (33). Although, the
cassava peel contains cyanide which kills nemaf8jienowever, cyanide is easily degraded
under high temperature and in water (22). This pansistence of cyanide in cassava peels might
have favoured the rapid multiplication of the bagtmous and fungivorous nematodes at where

fresh and dry cassava peelsereapplied.

3.2.3 The effects of sweet orange and cassava peelson theyield of tomato over two seasons

The vyields of tomato were significantly highex(R05) in the combined application of fresh

sweet orange and cassava peels than the resté#tements over the two seasons (Table 7).

Table 7 Effect of sweet orange and cassava peelson fruit yield of tomato over two seasons.
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Yield (kg/ha)

Treatments Major Minor
seasonPeak seasonOff
rainy season season

Fresh Sweet orange Peel (FOP) 19212.1 15288.5
Dry Sweet orange Peel (DOP) 18171.9 14373.1
Fresh Cassava Peel (FCP) 17507.9 14660.1
Dry Cassava Peel (DCP) 17475.8 12394.0
FCP +FOP 20774.3 16170.0
FOP + FCP 20981.1 16707.1
DOP +DCP 18832.5 14057.3
DCP + DOP 18547.3 14008.1
NPK (15:15:15) +((NH), SQy) fertilizers 15926% EEas 2
Carbofuran 19066.2 15154.7
No application (control) 6511.6 3311.1
L SD (0.05) 834.6 662.2
CV (%) 3.2 3.5F34)

The highest yield observed in the combined appboadf fresh sweet orange and cassava peels
can be explained by the low galling and root-knematode population (Tables 3 and 4). The
level of reduction in quantity and/or quality okid of crops due to root-knot nematode damage
is positively correlated to their population (3Dnonujuet al. (34) reported that dry cassava
peels performed as good as carbofuran in reducalligdex and population of root-knot
nematodes in the roots and soil of okra. Also msseoil and aqueous extracts of citrus peels
were found to inhibit hatching, migration and indumortality of Meloidogyne incognita (35).

The combination of fresh sweet orange and cassaets gould have reduced the damage of

root-knot nematodes on tomalRamet al. (36) reported that combined application of mustar
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and castor cakes as soil amendment significantiyaed population of root-knot nematode
(Meloidogyne incognita) and improved plant growth parameters of okra mibr@n single
treatments. Furthermorethe high presence dfrichoderma sp, in the sweet orange peel plots
might have helped to significantly reduce the bt nematodgsnssjpopulation density and
damage and correspondingly increased yield of tomat the field. The application of
Trichoderma harzianum in neem cake amended soil was highly effectivarsgd. incognita
and resulted into better plant status of tomato Huand Khanna (37). The effect of combined
application of fresh sweet orange and cassava pedlse yield of tomato was observed to have

higher consistent trend over the major and minasses.

4. Conclusion

Application of sweet orange and cassava peels e#eetive in the management of root-knot
nematodes in tomato. Percentage egg hatch inmkamol mortality occurred upon application of
sweet orange and cassava peels. Also, galling, eumbeggs and juveniles in the roots of
tomato and soil were effectively reduced when s@i$ amended with sweet orange and cassava
peels. Application of sweet orange peels enhanbed population ofTrichoderma sp, as
nematophagus fungus, while cassava peels enhahesgdpulation of bacterivorous and
fungivorous nematodes. The study recommended fdti-lacation testing of the combined
application of fresh sweet orange and cassava @elarious tomato farms. Also, different
methods of application such as application in threnfaqueous extract should be evaluated to

make the technology more appropriate for the fasmer
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