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Original Research Article
Efficacy of sweet orange and cassava peel amendmeifidr 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 laboyadod field respectivelyd

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 peel (FOP), resh cassava
peel (FCP), B Dry sweet orange peel (DOBNG 4)- Dry cassava peel (DCRRrd5) Steritized
water{eoentrehon egg hatching inhibition and juvenile mortalitl root-knot nematodes were
studied at the laboratoraterilized water was used as the contEdeven treatmentgl) FOP,
{2) DOP,{3) FCB), {4) DCP,{5) FCP +FOP{6) FOP+FCPR{7) DOP+DCP {(8) DCP+DOP £9)
NPK and ((NH). SQ,) fertilizers, £10) Carbofuranand {11) No application (control) against
root-knot 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—usingn the fresh-sweeterange
peemm agueous extract. Significant differences (P<0.88)ye observed betwedresh
sweetorangepeeFOPaqueous extract and the rest of the treatmarttee mortality of root-knot
nematodes For the field experiment, combined application fefsh-sweeterangé&OP and
cassava—pediCPBOP significantly increased (P<0.05) yield more thame trest of the
treatments. Carbofuran, followed by the combiagglication of FOP and FCRHreshswed

erangeand-cassavapeedgnificantly reduced (P<0.05) gall index, numbéreggs, number of
root-knot nematode juveniles in the root @ndnrumber-of-rematedes-in-tiseil in both seasons.
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However, no significant difference (P>0.05) was esbied betweenarmeng carbofuran and
combined application of FOP and R@@Iﬁa@s}
Conclusion: The sweet orange and cassava peels were folreldffective in reducing galling

and population of root-knot nematodes in the raoid soil of tomato. Also, the agueous exgact
of FOP, DOPandFCPshowed high potential in egg hatching inhibitiovd guvenile mortality of

root-knot nematodes. Further evaluation of the lwoed application offFOP and FCPat

farmers’ fields is recommended. Also, methods opliaption, for example, in the form of
aqueous extract 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-control-ererops(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 adlitlee 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 higlarket-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).nNeeed cake, castor seed cakeg castor bean
agueousextractﬂsweet—mangand—eassa#a—pedlsm;hhave been widely studied for their
nematicidal properties (4;-8).

\Sweet orang@DS]and cassava are largely consumed in Ghananlost ofthe peels end up as
wastegos] (8), the disposal of which causes both economic anit@mmental problems. The
effective and sustainable use of sweet orange asshga peels as organic amendment for root-
knot nematode management is highly desirable. Laljimen et al. (98) 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 beetonductedmadeon fresh
sweet orange and cassava peels and their combvireiorganic amendmentsrtmnageentrol

root-knot nematodes.

In Ghana, there is limited information on the ug@lant materials in the management of plant-
parasitic nematoded @). Farmers mostly depend on cultural practices saaglerop rotation,
which sometimesde—net—givéail to yield good result. However, organic amendnsehave
potential of mitigatinghe effects of plant parasitimematodes on crops through their chemical
composition and/or influence ohiocontrohematephagudungi and free-living nematodes.
Therefore, the purpose of this study was to evaltla efficacy of fresh and dry peels of sweet

orange and cassava in the management of root-lamottodesand their effect on fruit yield

Also, to evaluate the effect of sweet orange arsdaza peels on theematephagubiocontrol

fungi (Trichoderma spp.) and free-living nematodes.

2. MATERIALS AND 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 orage and cassava peel agqueous extracts
for their nematicidal potentials on root-knot nemabdesin vitro
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It was necessary to identify the nematicidal po&trf sweet orange and cassava peels for the

investigation of the root-knot managementThe experiment was arranged @omplete

Randomized Design (CRD) with five replicatiomside up of five treatments.

The treatments used were agqueous extracts of:
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 Sources of the organic amendments

Each of the organic amendments was collected framsame source to maintain homogeneity of
the materialsFully riped fruits of the sweet orangeCigrus sinensis [L.] Obsbeck) variety,
Valenciawerewasobtained from Council for Scientific and IndustriRésearch-CrapResearch
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 ganic amendments for than vitro studies

The sweet orange and cassava peels were cut irah gieces of approximatel@.5cm width
and 025cn? length. Portions of the fresh peels of sweehgeaand cassava were air-dried
under shade in thehad@lanthouse for two weeks to obtain the dry peels. dtandardization, a
sub-sample of 100gachof fresh and dry peels of sweet orange and cassava oven-dried
separately at 70C for 72h and then weighed to determine the drytenatontent(9). The
equivalent to 50g dry matter of eaipe ofpeel was soaked in 150ml of distilled water (1:8 w/
dilution) for 24h in a beaker &8° Geom-temperature The aqueous extract of egqokeltype
was collected by sieving through cheesecloth. Tyemtlilitres (20ml) of each agueous extract

was dispensed into separater® diameter Petri dish.
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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 mixtureso7was placed in a metal

barrel with water and heated on fire at 80°C for Be soil mixture was moistened with water

before placing in the barrefter steamsterilization, the soil was allowed to caeldt52C-before

used for the filling of the pots.

2.1.4 Culturing and extraction of root-knot nematock 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-oleh&to seedlingplanteaiursedin sterilizedtop
-soil were transplanted. The plants were inoculatéd root-knot nematode eggs, two weeks
after transplanting and allowed to grow for two risnat theshadehousgps). Two months
after inoculation, the plants were uprooted andsawere washed gently under tap water to
remove soil and debris. The roots were cut inecgs of about 0.5cm length with a pair of
scissors. The root-knot nematodes juveniles werteaebed using modified Baermann tray
method (1). Extraction of root-knot nematode eggs was donegusindified Hussey and Barker
method (2).

. 2.1.5 Assessment of root-knot nematode juvenile matity 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 treatmeie Aumber of dead root-knot nematodes was
counted at 24, 48 and 72h after inoculation. Thenobileed nematodeghat-were assumed
dealth- andwere then transferred into Petri dishes contaisitegilized water. The Petri dishes

were left on thdaboratorybenchat about 28°Gor another 24h. Nematodes were probed with a

sharp-edge needle understereomicroscope and the ones that were straight in slaeye
remained immobile even after probing were considielead (3B).
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2.1.6 Assessment of root-knot nematode egg hatchhihition 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
about28° C for nine days. The number of eggs hatchesl soainted 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 oareted.

2.2 Field experiment: Effect of sweet orange and cassayeels and their combinations on
root-knot nematodes of tomato in the field

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), lazhion longitude 01° 33'W and latitude
06° 41'N. The region has bimodal rainfall pattern, with higtheainfall in May/June and

October for the major and minor seasons, respégtivielean annual rainfall is between 1100

and 1800 mmThe 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 pidrcentage 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 (Linn.) and Panicum maximum (Jacg.).

2.2.2 Experimental design
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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 ir-the-majeduring themajorpeakrainy season (June to September, 2014) and the séeond

during the miner—eff—peakraiyminor season (November, 2014 to January, 2015). The
experiment was carried out under natukafestatiortonditions 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
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 + 25g/plantedtrsweet orange peel
7) 25g/plant of fresh sweet orange peel + 25g/pléftesh 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 tomatoseedlings
Weeds at the experimental site were cleared usitigss, and ridges were raiseging a ho¢o
the height of about 20cm. The ridges were spac80 atn apart and small bunds (tie-ridge)

were constructed between them to help reduce erasithe furrows.

2.2.4 Preparation and application of the organic amndments and carbofuran to the soil
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 andhged into slightly powdery form using

mortar and pestle. The fresh peels were cut intallspieces (approximatel§.5 lengthwidth
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and025cm widthlength). ln-determiningtThe weight of fresh and dry peels wasdetermined

based-onn dry matter content as described abecie sweet orangeand-cassavapeels-were
'- O arsts he weight o B-eacih-peet\AWa aKen-pefroreangatrter-oven

t:Each type of peel was applied at the rate of 5@g dr
matter/plantsog)(9).
The single dose treatments were applied four wéelsre seedlings were transplanted. The
peels were placed othe ridges in 10cm diameter circle at 40cm apart anorotnghly
incorporated into the soil with a hand fork to gtiheof 10cm. \ The first parf25q) of the
combined treatments (sweet orange and cassavg peetseapplied four weeks before and the
second parf25g)-9vas applied at three weeks after transplantipgioThe amendments were
placed around the plant in the form of a ring an5@adius from the base of each plant and
incorporated to a depth of 10cm and covered withh 8D facilitate decomposition and

distribution of the constituents into the soil.

Carbodan 3% G carbofurar2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate) was
applied at four weeks before transplanting at #te of 0.5g per plant and incorporated as the
organic amendment described above. The productmeasifactured by Shenzhen Baocheng

Chemical Industry, China.

2.2.5Seedling preparation transplanting of seedlinggeob11jand application of fertilizers

The seedlings were grown in boxes filled with stestarilized top-sandieamsoil. Seeds were

sown in lines at a depth of 2cm and 15cm agfotir-week-old tomato seedlings (var. Power)

were transplantegsoizionto the ridges at a spacing of 50cm intra-row 80dm inter-row.

Seven plants were transplanted in each row withtal bf 14 plants in each pld¥igorous and

equal height seedlings were used to maintain umitgr

NPK (15: 15:15) fertilizer (Zouping Runzi Chemidatustry Co., Ltd., Chinayjas applied at a

rate of 250kg/ha at four weeks after transplanting. In additiammonium sulphatgNH,),

247 | SOy} was applied at a rate of 125kg/hat)(at six weeks after transplanting. Both fertilzer
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(NPK and (NH)., SOQy) were applied in rings at 5cm radius and 10cm digem the base of each

plant and covered with soil.

2.2.6 Application of fungicides and insecticides

Merpanen13C] 50WP (Captan 500g/kg) and Folpas0 WP ( Folpet 500g/kg) fungicidesade
manufacturedy Makhteshim Chemical Works Ltdsrael were applied at the rate of 1.2kg/ha
every two weeks. The insecticide Acceta St§t6g Acetamiprid/L and 30g Bifenthrin/L) was
applied every week at the rate of 1L per hectama®&! (200g of Acetamiprid/L, Makhteshim
Chemical Works Ltd, Israel) was also applied atrédtte of 0.5L/ha every two weeks to control

whiteflies. Both chemicals were manufactured by Makhteshim GtanWorks Ltd in Israel.

TheAll pesticides were thoroughly mixed with water in kinepsack sprayer and applied.

2.2.7 Cultural Practices

Weeding was done three times using a hoe. At siekwafter transplanting, the plants were
staked using sticks and rope to prevent fruits fiwawing contact with soil. Supplementary
irrigationepi4) was carried outwice dailywhen there was no rainfallring theminor seasor-off
seasonn-the-minorseasonin order to avoid erosion of the materials, wates sprinkled on

the soil using watering cans.

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

The tomato plant roots were uprootetithree months after transplanting and taken to the
Nematology laboratory for extraction of root-kn@nmatode eggs and juveniles. The roots were
washed with running tap water and dabbed dry vistue paper. The roots were cut into pieces

of Sem-lengthwith-apairof scissoes described abovden grammes (10g)-of the cut roots

from each sample was used to extract root-knot teeaeggs and juveniles. During the root

sampling, a ball of soil was collected togethernwtiie root. Each soil sample was separated
from the roots and thoroughly mixed by hand anddaied in the laboratory. One hundred
millilitres (£66m} of soil from each sample was measured using eleictrscale (Maestro
CKX53, Myweight Co. Ltd; USA). The root-knot nematode juveniles were ex@g@drom the
soil using Baermann tray methodl]1Themodified Hussey and Barkenethod (12) was used to

extract the eggs from the roots.
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2.2.9 Morphological identification of nematodes

Nematodes relaxed and preserved in formalin andegty (15) 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 invertednpound microscope (Leicd.eica
MicrosystemsCeompany Ltd.,Germany). Thepicture-imagesof the nematodes wergken
atrecorded ammagnificatiors 25x and 40x and were later used for identificatimmg manuals

(16, 179. |The following features were considered duribgesvation to determine a particular
genus: shape of the nematode at death, shape bé#uk lip region, stylet shape, median bulb,
position of the overlap, vulva position, spiculespion, presence and absence of bursa and shape

of the talil. ‘[BDlS]

2.2.10 Analysis of nutrients and cyanide in orangand cassava peels

Samples of sweet orange and cassava peels weeetedlland taken to-&$ science laboratory

of theunderDepartment of Crop and Soil Sciences, KNUST fdriant analysis. The samples

were oven-driedat 70 C for three days before processing. Each sample voamd into powder
using a grinding machine (Micro doughlLAByanufactured-byype-Perten dnhstrument Group,

Canada) to carry out the following analysis:

1. Organic carbon (%)

. _Total Nitrogen,

2
3. Potassium and
4

. Available Phosphorus

The organic carbon content was determined usingkMiaBlack Method (18) and Bray’s

method No 1 (19) was used for potassium and avaiRbosphorus analysis. The total cyanide

was determined in fresh and dry cassava peels GsingeR016)-method (20).

10
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2.2.101 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.

2.2.101.1 Number of fruits and yield of tomato

The tomato fruits harvested from each of the sepkmts were counted and weighed to
determine the yield at maturity. The fruits wereveasted when rip{red-celou}. The yield data

collected at different intervals were summed upawve the final data for each treatment.

2.2.101.2 Determination of gall index of root-knot nematoden tomato roots

Galling wasereassessed on the roots of tomato plants after stamgeng gall index scale of 0-10
(21) 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.

2.2.1034 Extraction of fungi -and free-living nematodes fromthe soiteo17]

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. Thié samples were dried under shade in the

11
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laboratory for 48h before isolation. Fungi werelased by serial dilutio@atjlﬁé[ms] and
number of colonies for each fungus was counted idedtified. The Potato Dextrose Agar
(PDA) was used to isolate the fungi and identifisstihg a compound microscope (Leitajca
MicrosystemsCeompany Ltd.,Germany), specimen and reference manu2®. (Part of the
same samplesagereused to extract and determine the populationed-fiving nematoded.he

free-living nematodes were extracted from the gsihg Baermann tray method (11).

2.2.11 Data analyses
The data collected from the experimemtere subjected to ANOVibig using GenStat12"
edition software. The means weseparatedising Tukey's test at P<0.05. The nematode and

egg counts were square root transfoﬂm&d] J{x+1), where x is the mean count before

statistical analysis and back-transform@&te transformation was done because the data tested

did not follow normal distribution. Correlation dpsis was done to find out the relationship

betweenTlrichoderma virens and root-nematode population in the soil.

3. RESULTSAND DISCUSSION

3.1 Laboratory experiment: Evaluation of sweet orage and cassava peel agueous extracts
for their nematicidal potentials on root-knot nemabdesin vitro Evaluation-of sweetorange
I s for thoi eidal Y

3.1.1 Concentration of the chemical properties inte orange and cassava peels

The orange peel had the highest percentage of iocrgamnbon, total nitrogen, potassium and

available phosphorus compared to cassava peel$e(TabFor the hydrogen cyanide content in

fresh and dry cassava peelse highest concentration was observed in the feassava peel

compared to dry peel. The concentration of hydroggamide wadower by 50% when the fresh

cassava peel was dried under shade for two weekdgT).

Table 1. Chemical properties of the orange and cassava peeised for root-knot nematodes

management

12
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Organic % % Total Potassium Avalil. Total

amendments Organic  Nitrogen (K) cmo/kg Phosphorus Hhydrogen

Carbon (P) mg/kg Cyanide
(mg/kg)
Orange peel 63.1 1.2 3.8 0.1 0.0-
Cassava peel 56.66 0.8 2.6 0.1 15.0 (330%)-

*Values for-Fresh cassava peel

3.12 Root knot nematoddlercentageeggs hatched at 3, 6 and 9 days after inoculatian

different aqueous extractsn 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 Tablg. There were

significant interaction effect§?<0.05)between the aqueous extract of sweet orange asdweas

peels and observation times at days after inocmain the eqg hatching inhibition of root-knot

nematodes.Significant differences (P<0.0%)ccurredbetween aqueous extract @DP and the

rest of theaqueousextracts-exceptFCP aqueous extract &ix andnine days after inoculation

(Table2). However, all the aqueous extracts of sweetgegand cassava peels had significantly
higher (P<0.05) percentage egg hatch inhibitiom tsi@rilized water (Tablg). No significant
differences (P>0.05) were observed between aqueduact of FOP and FCP, DOP and DCP at

3 days after inoculation (Table 2).

Table 2. Percentageof-eEggs hatch inhibition at 3, 6 and 9 days after inodation in
different aqueous extractgp21]

Treatment Percentageegg hatch inhibition/
days after inoculation
3 6 9
Dry cassava peel (DCP) _ 85.1abcy 72.6 ef 70.1f
Dry sweet orange peel (DOP) 89.6 ab 76.6 def 74.8 ef

13
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Fresh cassava peel (FCP) 91.0a 81.0 bcde 79.1 cdef

Fresh sweet orange peel (FOP) 93.1a 88.4 abc 87.8 abc
Sterilized water (control) 54.2 g 10.5h 19h
Treatments(P-value) 0.001

ObservationgP-value) 0.001

Treatments x Observations (P-value) 0.001

*Means followed by the same letter in the coluamd roware not significantly different according to TukeyTest
atP<0.05

The highest percentage of egg hatch inhibitiorhanROP aqueous extract may be attributed to
the presence of phytochemicals such as limonenehwsuppressed egg hatching. According to
Ismanet al. (23) limonene in sweet orange peels has shown bidbgictivity against a wide
range of plant pests with effects on the growthe rahd reproduction of plant parasitic
nematodes. Osei al. (24) reported that citrus peels inhibited egg hatchiggnore than 90%
after 72h of exposurm vitro. Tthe FOP and FCRiqueous extragtsignificantly inhibited egg
hatchingmorethanDOP and DCRaqueous extragtin all the observation periodEhis could be

due to thehigh presence ofhe nematicidal propertiesuch as cyanide in the FCP than D@B,
Table ).  All the peelstudiedwere-feund-tesignificantly inhibied the hatching of nematode

ege hatehing—mere—than-thdnen compared t@ontrol over time The effect of the organic
amendments on egg hatching can be attributed tpehmeability of the eggs due to the pore-

spaces through which phytochemicals pass to suppashing. According to Pergy al. (26),
evolution in the eggshell structure Mifeloidogyne spp. before hatchingreis manifested by a
marked change in permeability. When eggshellsparmeneable, the unhatched second stage
juveniles are susceptible to toxic compounds, widg plant extracts that may have potential as

control agentsZ6).
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416 | 3.13 Percentage—nMortality of root-knot nematode juveniles in the different aqueous
417 extractsin vitro

418 | Table3 shows the effect of aqueous extracts of the ocgamendments on the mortality of root-
419 | knot nematode juveniles at 12, 48 and 72h afteldiagion. Significant interaction effects

420 | (P<0.05) were observed between the aqueous exwédtse various peels and periods after
421 | inoculation on the mortality of root-knot nematojieveniles. Fhe—result—of the peentage
422 : A N . . . —

423
424
425
426

427
428 | Table 3. Percentagep2amM ortality of root-knot nematode juveniles in different aqueous
429 extractsin vitro

Treatment Percent mortality/
hours after inoculation
12 48 72
Dry Cassava Peel (DCP) 220hK 57.0e 62.6 d
Dry Sweet orange Peel (DOP) 35.4¢ 70.6 c 86.4b
Fresh Cassava Peel (FCP) 36.2 g 71.0c 86.6 b
Fresh Sweet orange Peel (FOP) 45.6 f 76.6 b 94.8 a
Sterilized water (control) 0.0i 0.0i 0.0i
Treatments(P-value) 0.001
Observations time R-value) 0.001
Treatments x observation time (P-value) —0.001
430 | *Means followed by the same letter in the columd asw are not significantly different accordingTakey-sTest
431 | at,P<0.05

432
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The result of the percentage mortality followedmilsr trend in all the observation periods. The

agueous extract of FOP had significantly high®s(Q.05) nematode mortality in all the three
periods observed (45.6, 86.6 and 94.8%), followgdFEP aqueous extract (36.2, 71.0 and
86.6%) and DOP aqueous extract (35.4, 70.6 and/@b.dt 12, 48 and 72h respectively (Table

3). Similar result was observed bgai (Z) who reported that agueous extract of sweet orange

peels caused mortality rate of root-knot nemataoseniles by 93.5% after 72h of exposure. The
highest mortality rate in theOP aqueous extract could be due to higher stabififgmonene in
water compared to hydrogen cyanide. Li and Ch&8) ¢tated that lemonene moderately
dissolved in water and remained stable for eigheksefter storage, while hydrogen cyanide had
low persistence in water. Also kt al. (29) reported that lemonene, which is one of the major
constituents in sweet orange peel essential oilbéeld strong nematicidal activity againgt
incognita.

The mortality rate had significantly increased (P&) in both sweet orange and cassava

agueous extracts over time. However, the rate @kase of mortality was significantly higher

(P<0.05) in the agueous extract of FOP than theofdbe treatments, followed by FCP agueous

extract (Table 3). Andret al. (30)-reported an increase in the rate of mortality atiianot

nematodes in the essential oil@ftrus sinensis- with time after inoculation. The high mortality

rates of root-knot nematode juveniles in the FO® B8P aqueous extracts might be attributed

to the higher presence of the nematicidal propeiienonene and cyanide) in the fresh peels

compared to the dry peels (25, 30). The laboyadoalysis of cyanide contents in fresh and dry

cassava peel showed higher content (more than BO&¢ fresh peels than dry peels (Table 1).

3.2 Field experiment : Effect of sweet orange ancassava peels and their combinations on
root-knot nematodes of tomato in the field

The mean initial population of| 686 juvenilegsp24iof root-knot nematodes/100ml soil was

observed before the application of the variouditneats in the field.

3.2.1 Effect of sweet orange and cassava peels @il gndex, number of eggs, number of
juveniles of root-knot nematodes extracted from theoots and soil of tomato in the major

and minor seasons

16



465

466 Theeffects of sweet orange and cassava peels omgalkjnumber of root-knot nematode eggs,
467 number of juveniles extracted from the roots anthiper of root-knot nematode juveniles from
468 | the soil inthe major and minoseasons are presented in TadleThe gall indices and number of

469 | root-knot nematode eggs were not significantlyeséht (P>0.05petweeir the application of

470 | carbofuran and combined applicationFd®P and FCP in both seasoktowever, the gall index

471 and number of eggs of root-knot nematodes werefsigntly lower (P<0.05) in the application
472 | of carbofuran and combined applicationfF@P and FCRompared with the other treatmemtis

473 | the major and minor seasofiBables4). Similarly, no significant differences (P>0.0&kre

474 | observed between the application FDP alone and combined application BIOP_and DCP

475 | (Tables4). The significant reduction of gall index and rhen of eggs in the combined
476 | application offFOP and FCRvere found to be as effective as carbofuran. hght be attributed

477 to the nematicidal properties in the sweet orangecassava peels. Lemonenaweet orange
478 has been found to be nematicidal and nematostatiche hatching and mortality dfi.
479 | graminicola (31). Highermortality of root-knot nematodesndreduction inroot galling wereef
480 | reetknotnematodes-wexbserved after incorporation of cassava peelsth@soil planted with

481 | pepper(32). In addition, low gallingand number of eggs on the roots could be assoarthd

482 | the potential of the combined applicationfF@P and FCn reducing the population (Tablés.
483 | Hussainet al. (33) found ebservediow the population density of root-knot nematodes and

484 | galling to be significantly lowered in the combinadplication of heem leaves and marigold

485 | compared with sole treated amended plots on tomato.

486
487
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Table 4. Gall index, number of egg and juveniles of rodtnot nematodes extracted from the root and soil diomato at harvest the-field-in the major

and minor seasors

X Gall index “No. of eggs/10g root  “No. of Juveniled10g  * No. nematodes/100ml
/season /season root/season Soillseason
Major. Minor. Major. Minor. Major. Minor. Major_ Minor,
Treatments -2
Fresh Sweet orange Peel (FOP) 3c 2cd 1749efgh 1580fgh 398efg 248fgh 758fghi 542ijk
Dry Sweet orange Peel (DOP) 3c 2cd 2119defg 1903efgh 436efg 354efgh 858fg 675fghi
Fresh Cassava Peel (FCP) 3c 3c 2206def 2047efgh 456ef 366efgh 880f 742fghi
Dry Cassava Peel (DCP) 4bc 5b 2678cde 3378bc 570e 847d 1217e 1633d
FCP +FOP 2cd 1d 1667fgh 1473fgh 269fgh 216gh 693fghi 425}k
FOP + FCP 1d 1d 1576fgh 1203gh 254fgh 202gh 574ij 325k
DOP + DCP 3c 2cd 2051efgh 1610fgh 401efg 311fgh 775fghi 633ghij
DCP + DOP 3c 2cd 2072defg 1756efgh 412efg 343efgh 837fghi 638ghij
f'\e”:tmz(égl&ﬁ) and ((Nkj SQ) = = 3032cd 4049ab 877cd  1166ab 2139c 3025b
Carbofuran 1d 1d 1840efgh 1086gh 209gh 143h 616hij 327k
No application (control) 6ab 7a 3225bc 4774a 1095bc 1344a 2308c 3350a
Treatments (P-value) 0.001 0.001 0.001 0.001
Seasons (P-value) 0.933 0.455 0.426 0.013
Treatment x Season(P-value) 0.001 0.001 0.001 0.001

*Means followed by the same letter in the columd asw are not significantly different accordingfakey’s Test atP<0.05

Z All count data were back-transformed after tramsfation ;

x Galling on scale 0-10, where 0 = no galls and X160t system completely gati@
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The number of root-knot nematode juveniles in th@s and soil were also significantly reduced
(P<0.05) in the carbofuran af@®P and FCRombination treated plots compared with the other
treatments. However, carbofuran was not signifigadifferent (P>0.05) from the combined
application offFOP and FCP in both seasdiiables4). Incorporation of dry citrus peels in the

soil _highly suppressed plant parasitic nematodespimeapple production (31). Similarly,

Loumédjinonet al. (9) indicated that dry sweet orange and cassaebs p&nificantly reduced

the number of root-knot nematodes in the soil aws of carrot compared to control. Also,

Johnet al ; (34) reported significant reduction of statstond stage juveniles Bfincognita in
the soilpes treated with dry cassava peels compared to uptigalbtsets—in-the-screen-house
Generally, combined application BOP _and FCherformed better than the sole application of

the peels in all the parameters measumnethe major and minor seasonghis result agrees with

that of Sundararaju and Kum&%j who reported that the integration of organic adment and
green manure was more effective in reducing the baunof nematodes and subsequently,

increased plant growth and yield than the orgameiatiment alone.

3.2.2 Effect of the treatments orfungi and free-living nematodes in the soil before andfer

application of treatments

The initial population of fungi, bacterivorous afuthgivorous nematodes are presented in Table

5. The C. gloeosporioide and A. niger were found to be the most prevalent fungi, while t

Heterocephalobellus sp.and Ditylenchus sp. were the most abundant bacterivorous and

fungivorous nematodes respectively before the egipdin of the treatments (Table 5).

20



521
522

523
524

525
526
527
528

529

Table 5 Fungius and free-living nematodes isolated fromthe composite soil _samplethe—experiment before treatment
application_of treatments

No. of fungds and free-living nematodes

. No. of f
No. of fungal colonies/1g sal No. of bacterivorous nemaitc
0. oTiing g nematoded00ml soil E—
. Calletptrichum Penecillium
Trlchoderma gl oeosporioidescol il ChrvSooenumP m Heterocephalobellus  Eucephal obus Dityle
virens Chry=agentn : : sp. sp.
sp sp Aspergillus niger
2 4 3 4 36 32
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The types of microorganisms predominantly foundthe soil wereTrichoderma virens as

nematale biocontroleozsifungus, other fungiQ.eHetptrichum gloeosporioidessp, P.eneciHium
chrysogenumsp. and A.spergittus niger), Hetetocephalobellus sp. and Eucephalobus sp. as

bacterivorous nematodes amictylenchus sp. as fungivorous nematode after application of
treatments (Table 6). The combined applicationF@fP and FCP significantly increased
(P<0.05) number of colonies dfrichederma virens (9 colonies), followed by the application of
FOP alone (8 colonies) (Table 6). This might be duethie presence of certain chemical
compounds that favours gromkﬁmzs]and multiplication ofT.richederma virens compared to the
other treatments (cassava peels, NPK (15:15:15)(@d), SQy) fertilizers and carbofuran).
According to Duliet al. (369), results obtained from laboratory experiment ondhaluation of
different substrates foll. harzianum showed highest growth rate and sporulation on swee
orange peel substrate compared to other substestesl. Also, previous research has shown that
T.richederma virens, have good potentialgrin controlling plant parasitic nematode&entrol

Khanet al. (37) reported thal. harzianum decreased the negative effects of nematodesnlgadi
to a decrease in galling and an enhancement igrtheth and yield othe-eggplant. This must
have contributed to the low population and damdgeat-knot nematode observed in the sweet

orange peels amended plotshe minor seasoftables 4).
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Table 6. Fungus and free-living nematodes isolated from differensoil treatments and their trophism

Number of fungal colonies/1g soil
after treatment

Number of bacterivorous/100ml soiINum.ber of
fungivorous/10@
after treatment

soil after teatme

Colletotrchu

. Peniec :
Treatment Trg?g;e;m o E:g S%rioi illiun Aspr)](?rg%rllus Heteroceggfall obellus Eucepshrilobus Ditylenchus sp.
des SR
I(:Fr((e)sth) Sweet orange Peel 8 a 2c 2 bc 2b 4c 4b 8b
?[;ég‘)"’eet orange Peel 6a 1c 2 be 2b 0c 41 4D
Fresh Cassava Peel (FCP) 2b 4 ab 3ab 5a 96 a 72 a 92 a
Dry Cassava Peel (DCP) 1b 5a 3ab 6a 68 a 64 a 100 a
FCP +FOP 8 a 2d lc 3b 32b 28 b 20 b
FOP + FCP 9a 3 bc 2 bc 2b 8c 8b 12 b
DOP + DCP 7 a lc 2 bc 3b 4c 4b 8b
DCP + DOP 6 a 2c 3ab 3b 20 bc 16 b 24 b
(N(ml()?s'g)'}gﬂﬁggrs 2b 4ab  4a 5a 16 be 12b 8 b
Carbofuran 1b 3 bc 2 bc 2b Oc 4b Ob
No application (control) 1b 6a 2 bc 3b 12 c 16 b 12 b
P-value 0.002 0.001 0.001 0.002 0.001 0.001 0.001

*Means followed by the same letter in the columa @t significantly different according to Tukeyestat P<0.05
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their—combinations{(Tablé)—The populations ofbacterivorous and fungivorous nematodes

extracted-from-the-soil-afterapplication iofcarbofuran FOP and DOP treated soils weréhe
treatmentsverefound-tobe significantly reducedower (P<0.05)compared to untreated sois

jon-otarbofuran-angle eated-with-fresh-and-dsyveet orangpeels(Table 6).

However, the application of FCP and DCP signifibanhcreased (P<0.05) the number of

bacterivorous and fungivorous nematodes compardd )P and DOP.Odeyemiet al. (389)

reported that addition of organic amendments insthiehad resulted in population increase of
free-living nematodes. Potential changes in thendance and community structure of free-
living nematodes were observed following the agpion of organic amendments in the
surveyed areas3$). Although, the cassava peel contains cyanide lwikidls nematode 9)
however, cyanide is easily degraded under high éeatpre and in water4(). This low
persistence of cyanide in cassava peels might few@ured the rapid multiplication of the

bacterivorous and fungivorous nematodes at whershfrand dry cassava peekrgasere

applied.

3.2.3 The effects of sweet orange and cassava pegithe yield of tomato over two seasons

The yields of tomato were significantly higher (F8%) in the combined application BOP and
ECPthan the rest of the treatmemtscept FCP and FOP in the major and mseeaisons (Table
7).
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Table 78 Effect of sweet orange and cassava peels on fryield of tomato over two seasons

Treatments

Yield (kg/ha)

Major Minor

season season
Fresh Sweet orange Peel (FOP) 19212 b 15289 hij
Dry Sweet orange Peel (DOP) 18172 bcd 14373 |
Fresh Cassava Peel (FCP) 17508 cde 14660 ij
Dry Cassava Peel (DCP) 17476 def 12394 k
FCP +FOP 20774 a 16170 fgh
FOP + FCP 20981 a 16707 efg
DOP +DCP 18832 bc 14057 |
DCP + DOP 18547 bcd 14008 j
NPK (15:15:15) +((NH), SQy) fertilizers Lao2nLdy! 2kl
Carbofuran 19066 b 15155 hij
No application (control) 6512 m 3311 n
Treatments (P-value) 0.001
Seasons (P-value) 0.001

0.001

Treatments x seasons (P-value)

*Means followed by the same letter in the columd anw are not significantly different accordingfakey-sTest

at, P<0.05
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The highest yield observed in the combined apptinatf FOP and FCRan be explained by the

improvedseil-fertility eondition;low galling and root-knot nematode population (Esb#).The
sweet orange and cassava peels contained appesgggdicantamount of nutrients (organic

carbon, total nitrogen, potassium and phosphowisich could have contributed to the increase

of vield of tomato in the combined application dF and FCP compared to carbofuran (Table

1). Application of-€assava peels-wasfound-to-beefficianimproving-soil-fertity-condition
andncreased yield of maize (41). Als&the level of reduction in quantity and/or quality of

yield of crops due to root-knot nematode damagmsstively correlated to their populatios?).
Furthermorethe high presence @Fichederma-T. spsvirens in thecombined application of FOP
and FCPmight have helped to significantly reduce the rambt nematodgsp27ipopulation
density and damage and correspondingly increasgd gf tomato in the fieldThe correlation

analysis between the population dersiyof Teichoderma. virens and root-knot nematodes in
the soil was highly significant (P<0.05) butwitkgatively correlategblationship(r= -0.50).The
application ofFrichoderma-T. harzianum in neem cake amendedoil was highly effective

againstM. incognita and resulted i® better plant status of tomato Kumar and Khadi& (

The treatmentsffects on vield$iad consistent trend in both major and minor seagbable 7).

However, significant yield reduction was recordedhe minor season across the treatments. The

drop in vield for all the treatments in the min@ason might be attributed to massive flower

abortion due to the sensitivity of the tomato vigri® harsheeldveather condition. During this

period, the average temperature recorded at the dite was 29.6°C Maximum and 20.8°C

Minimum. According to Khodorova and Boitel-Con#i4(), extreme temperature such as high

daytime temperatures (above®29), or high nighttime temperatures (above’@1 or low

nighttime temperatures (below®® can cause significant flower dropping in tomato.

4. Conclusion

Application of sweet orange and cassava peels e#eetive in the management of root-knot
nematode®in tomato. Percentage egg hatch inhibition and riyriaccurred upon application

of sweet orange and cassava peels. Also, galling)ber of root-knot nematodeeggs and

juveniles in the roots of tomato and soil weighlyeffeetively reduced when soil was amended
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with sweet orange and cassava peels. Applicati@wett orange peels enhanced the population

of Frichederma-T. virens:, as biocontrolfungus, while cassava peels enhanced the populatio

bacterivorous and fungivorous nematodes. The swdycommended for multi-location testing

of the combined application 8OP and FCRt various tomato farms. Also, different methods of

application such as application in the form aqueextsact should be evaluatéd-make-the

technology more appropriate for the farmers
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