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Original Research Article
Efficacy of sweet orange and cassava peels amendnsefor the management
of root-knot nematodes of tomato

Abstract

Aims: to determine efficacy of organic amendment inrttaagement of root-knot nematode.

Design of the study: Eperiments were arranged in a Complete RandomizesigD (CRD)
with five treatments replicated five times and Ramdzed Complete Block Design (RCBD) with
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@d&December, 2015.

Methodology: Five aqueous extracts (1.Fresh orange peel (FDFyesh cassava peels (FCP),
3. Dry orange peel (DOP), 4. Dry cassava peel (D&R) Sterilized water (control) on egg
hatching inhibition and juvenile morality of rooht nematodes were studied in the laboratory
and Eleven treatments ((1) FOP, (2) DOP, (3 FCH)DCP, (5) FCP +FOP, (6) FOP+FCP (7)
DOP+DCP, (8) DCP+DOP, (9) NPK alone, (10) Carbafuréll) No application (control)
against root-knot nematodes were studied on tha fie

Results: At the laboratory, the highest percentage of egtching inhibition (87.8%) and
juvenile mortality (94.8%) of root-knot nematodere/eecorded in the fresh orange peel aqueous
extract. Significant differences (P<0.05) were obsd between fresh orange peel agueous
extract and the rest of the treatments. For tHd égperiment, all the amended plots out-yielded
the application of NPK fertilizer. The combined apation of fresh orange and cassava peels
significantly increased yield more than the resthef treatments. . The carbofuran, followed by
the combined application of fresh orange and casgeels significantly reduced gall index,
number of eggs, number of root-knot nematodes jlagim the root and number of nematodes
in the soil in both seasons. However, no signifiadifference (P>0.05) was observed between
them.
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Conclusion: At the laboratory, fresh orange peel agueousaekshowed high potential in egg
hatching inhibition and juvenile mortality. The nobined application of fresh orange and
cassava peels performed as good as carbofuramlucing root-knot nematode population and
damage at the field. Further evaluation of the aoetb application of fresh orange and cassava
peels at farmers’ fields is recommended. Also, m@shof application, for example, in the form
of aqueous extract should be tested.

Keywords: efficacy, organic amendment, Mel oidogyne spp,

1.0 Introduction

Root-knot nematoded/Aeloidogyne spp.) are among the most polyphagous and damggimgra

of plant-parasitic nematodes (1). In the tropiagnificant yield loss has been recorded on
tomato due to root-knot nematode damage and, irestases, the plants die before reaching
maturity (2). The high rate of development and feflity of these nematode species, make them

difficult to control on crops (3).

In many cases, crop losses are reduced by theabapplication of expensive and highly toxic
soil fumigants or non-fumigant nematicides. Thedeenticals pose serious human and
environmental health hazards and therefore, ndasadble. In addition, the economic cost of
research and registration of new chemicals is adhsgtacle for prospective new chemical
nematicides to overcome. Also, agrochemical congzaare more likely to focus their spending
on research into products with a potentially higtarket-value such as herbicides and
insecticides rather than nematicides. Thereforepymeematologists are pessimistic about the
importance of future chemical management of nenetodonsequently, several groups of

nematologists are trying to develop plant-basednited products for 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
demonstrated in a large number of studies (4). nNseed cake, castro seed cake, orange and

cassava peels have been widely studied for thematieidal properties (4).
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Orange and cassava are largely consumed in Ghariaebpeels end up as wastes, which cause
both economic and environmental problems. Thectffe and sustainable alternatives for using
orange and cassava peels wastes as organic amdrfdmemt-knot nematode management are
highly desirable. Loumédjinod al. (5) reported significant reduction of root-knotmegode in
roots and soil of carrot using dry orange and casg&els in the Republic of Benin. However,
limited research has been made on fresh orangecasshva peels and their combination as

organic amendments to control root-knot nematodes

In Ghana, there is limited information on the ug@lant materials in the management of plant-
parasitic nematodes (6). Farmers mostly dependutiaral practices such as crop rotation for
which sometimes do not give good result. Thereftre,purpose of this study was to evaluate
the efficacy of fresh and dry peels of sweet oraage cassava in the management of root-knot

nematodes.
1.1 Materials and Methods
The studies were carried out in the Nematology ralooy and research field at the Faculty of
Agriculture, Kwame Nkrumah University of Sciencedaiechnology (KNUST), Kumasi,
Ghana, from March, 2014 to December, 2015.
1.1.1 Experiment 1: Evaluation of sweet orange ancassava peels for their nematicidal
potentialsin vitro
Complete Randomized Design (CRD) was used with rigplications.
The treatments used were aqueous extracts of:

1) Fresh orange peel

2) Dry orange peel

3) Fresh cassava peel

4) Dry cassava peel
5) Sterilized water (control)
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1.1.2. Sources of the organic amendments

Each of the organic amendments was collected fhemsame source to maintain homogeneity of
the materialsFully riped fruits of the sweet orange variety, &fatia Citrus sinensis [L]

Obsbeck) were collected from Council for Scientifind Industrial Research-Crop Research
Institute (CSIR-CRI), Fumesua, Kumasi, Ghana. ddmsava variety “Debo” was obtained from

a farmer’s field at Kumasi.

1.1.3 Preparation of the aqueous extracts of the ganic amendments

The orange and cassava peels were chopped intb@etds of approximately 0.25amach. A
weight 50g of each peel (sweet orange and cass@s)used. Some of the fresh peels were
dried under shade for two weeks to obtain the @l The weights of dry and fresh peels were
standardized using the dry matter content. A subgde of 100g of fresh and dry peels of sweet
orange and cassava were oven-dried atCZ@r 72h and then weighed to determine the dry
matter content. The dry matter equivalent of 50gaxh peel was soaked in 150ml of distilled
water (1:3 w/v dilution) for 24h.  The aqueousragt was collected by sieving through
cheesecloth. Twenty millilitres (20ml) of each aqus extract was dispensed into separate 9cm

diameter Petri dish.

1.1.4 Sterilization of soil for culturing of root-knot nematodes

Top soil was mixed with river sand at a ratio df.3Fhe soil was sieved with 2ml diameter sieve
to remove debris and stondhe soil wagplaced in a metal barrel and heated on fire at §0rC
3h. After sterilization, the soil was allowed tootdown for 24h before filling the pots.

1.1.5 Culturing and extraction of root-knot nematock juveniles and eggs

In order to obtain purévieloidogyne spp. (Root-knot nematodes) culture, egg masses wer
collected from infested-tomato roots from a farmdield near KNUST. The plastic buckets

were filled with 8kg steam-sterilized soil and 2dyebld tomato seedlings were transplanted.
The plants were inoculated with root-knot nematedgs two weeks after transplanting and

allowed to grow for two months at the plant housier two months, the plants were uprooted



127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

148

149

150

151
152
153
154
155

156

and roots were washed gently under tap water t@veraoil and debris. The roots were cut into
pieces of 0.5cm length with a pair of scissors. iidw-knot nematodes juveniles were extracted
using modified Baermann tray method (Extraction of root-knot nematode eggs was donegusin

modified Hussey and Barker, (8) method

. 1.1.6. Assessment of root-knot nematode juvenile miality under different aqueous

extracts

A total of 100 root-knot nematode juveniles wascptain each Petri dish containing the 20ml of
the aqueous extract from each treatment. The nurabelead root-knot nematodes was
determined at 24, 48 and 72h after inoculatione ématodes from each treatment were rinsed
with sterilized water after concentrating them gsB0Qum mesh sieve. The nematodes were
then transferred back into the petri dishes cointgisterilized water. The petri dishes were left
on the bench under laboratory conditions for edh. Nematodes were probed with a sharp-
edge needle under the microscope and the oneswsrat straight in shape and remained

immotile even after probing were considered dead (9

1.1.7. Assessment of root-knot nematode egg hatchhibition under different aqueous

extracts

Also 100 eggs were counted using a stereo micr@saod placed in each Petri dish containing
20ml of each aqueous extract. The Petri dishes pleed on a laboratory bench at average
temperature of 28° C for nine days. The numberggkehatched 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. Square lines were made at therside of the Petri dish and all the juveniles
and eggs in each square were counted. At the enldeo€ounting, the effectiveness of each

treatment was determined using the formulae destielow:
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Percent juvenile mortality = Number of dead juveniles x 100 (10)

Total number of juveniles inoculated (1007

Tgtal number of eggs incculated —Neo of eggs hatched
f=dg-l f ok b i f i x 1':"]

Percent inhibition of egg hatching

Total nmumber of egg inoculated (100)

(10)1.2 Experiment 2: Effect of sweet orange and cassapeels and
their combinations on root-knot nematodes of tomatan the field

1.2.1 Material and Methods

1.2.2 Description of the experimental location

The experimental site was at the Department ofieldtire, KNUST located on 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 top@sil5cm). The pH, percentage organic carbon and
total nitrogen were 7.4, 1.2 and 0.06, respectively

The site was previously grown tomato, pepper amgplegt. Before planting of the experiment,
weed samples were collected and identified. Thetnpoedominant weeds wer€yperus

rotundus (L) andPanicum maximum (Jacq).

1.2.3 Experimental design

The experiment was arranged in Randomized Comébek Design (RCBD) with four
replications. Plot size was 2 x 4m with walk-wal Jom between plots and blocks. The
experiment was repeated for two seasons at the kmaton; the first experiment was carried
out in the major rainy season (June to Septemifdr})2and the second in the minor rainy season
(November, 2014 to January, 2015).

The experiment consisted of the following treatrsent
1) 50g/plant of fresh orange peel
2) 50g/plant of dry 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 + 25g/plantestfrorange peel
7) 25g/plant of fresh orange peel + 25¢g/plant oftfreassava peel
8) 25g/plant of dry orange peel + 25g/plant of dryseas peel

9) 25g/plant of dry cassava peel + 25g/plant of dange peel
10)NPK fertilizer (15:15:15) alone

11)Chemical nematicide (Carbofuran)

1.2.4 Land preparation for transplanting
Weeds at the experimental site were cleared usitigss and ridges were raised to the height of
20cm. The ridges were spaced at 90 cm apart anidl lsmmals (tie-ridge) were constructed

between them to help reduce erosion in the furrows.

1.2.5 Preparation and application of the organic amndments and carbofuran to the soll

Both chopped fresh and dry peels of cassava andtswange were used. The dry peels were
obtained by drying fresh peels under shade for weeks and pounded into slightly powdery
form using mortar and pestle. The fresh peels wampped into small pieces (approximately
0.25cm). Each type of peel was applied at theab¥8g dry matter/plant (5).

The single treatments were applied four weeksrbeseedlings were transplanted. The peels
were placed on ridges in 10cm diameter circle aimt@part and thoroughly incorporated into
the soil with a hand fork to a depth of 10cm. Thenbined treatments were applied four weeks
before and three weeks after transplanting. Thenaiments were placed around the plant in the
form of a ring at 5cm radius from the base of galeimt and incorporated to a depth of 10cm and
covered with soil to facilitate decomposition anstigbution of the constituents into the soil.

The Carbodan 3 % G carbofura® Xdihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate)

was applied at 4 weeks before transplanting atateeof 0.5 gram per plant and incorporated as
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the organic amendment described above. The pradhgtmanufactured by Shenzhen Baocheng

Chemical Industry, China.

1.2.6 Transplanting of seedlings and application dertilizers
Four weeks-old tomato seedlings (var. Power) wenesplanted onto the ridges at a spacing of
50cm intra-row and 90cm inter-row. Vigorous andadeight seedlings were used to maintain

uniformity.

NPK fertilizer (15: 15:15) (Zouping Runzi Chemidatustry Co., Ltd., Chinayjas applied at a
rate of 250kg/ha at four weeks after transplanting@ddition, ammonium sulphate (WK SQy)
was applied at a rate of 125kg/ha (11) at six wexdtes transplanting. Both fertilizers (NPK and
(NHg)2 SOy) were applied in rings at 5cm radius and 10cm difem the base of each plant and

covered with soil.

1.2.7 Application of fungicide and insecticide

Merpan 50 WP (ai Captan 500g/kg) and Folpan 50 \A&iPF6Ipet 500g/kg) (Makhteshim
Chemical Works Ltd, Israeljungicides were applied at the rate of 1.2kg/haagidinapsack
sprayer. The products were thoroughly mixed wittiawin the prayer before application.

The insecticide Acceta Star (16g Acetamiprid/l 80g Bifenthrin/l) was applied every week at
the rate of 1L per hectare. Golan (200g of Acetaihp, Makhteshim Chemical Works Ltd,
Israel)) was also used to control whiteflies. Thaelad was applied at the rate of 0.5l/ha using

knapsack sprayer at every two weeks.

1.2.8 Cultural Practices
Weeding was done three times using a hoe. At sigkwalfter transplanting, the plants were
staked using sticks and rope to prevent fruits fiwawing contact with soil. Supplementary

irrigation was carried out when there was no rdiinfa

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

The tomato plant roots were uprooted after hareest taken to Nematology laboratory for
extraction of root-knot nematode eggs and juvenildge roots were washed with running tap
water and dabbed dry with tissue paper. The roet® wut into pieces with a pair of scissors.

8
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Ten grammes (10g) of the chopped roots from eachpkawas used to extract root-knot
nematode eggs and juveniles as described aboveingbihe 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. Onedred millilitres (100ml) of soil was
weighed from each sample using electronic scaleefitfa CKX53, Myweight Co. Ltd, USA).

The root-knot nematodes were extracted from theusoig Baermann tray method (7).

1.2.10 Morphological identification of nematodes

Nematodes preserved in formalin and glycerol (1Zrewused for identification. During
identification, 1ml of the nematode suspensiorhimtube was collected with a syringe and then
placed into the counting tray under the invertedngound microscope (Leicaleica
Microsystems company LtdGermany). The picture of the nematodes were takederu
magnification (25x and 40x) were later used fomiifecation. The following features were
considered during observation to determine a pdaiiogenus: shape of the nematode at death,
shape of the head, lip region, stylet shape, melligim, position of the overlap, vulva position,

spicule position, presence and absence of bursatape of the tail.

1.2.11 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.

1.2.11.1 Number of fruits and yield (kg/ha)

The tomato fruits harvested from each of the sepkmts were counted and weighed to
determine the yield at maturity. The fruits werevested when riped (red colour). The yield data

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

1.2.11.2 Number of eggs and nematodes in roots asdil at harvest

Soil and root samples were collected at harvesextnaction of root-knot nematodes. A total of
three plants were systematically uprooted from gdoh Each sample was labelled and placed

in plastic container and sent to the laboratoryefdraction.
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1.2.11.3 Determination of gall index of root-knot Bmatodes on tomato roots

Galling were assessed on the roots of tomato pkites harvest using gall index scale of 0-10
(13) 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 rootvsrely knotted, plant usually dying and 10 = all

roots severely knotted, no root system, plant Ugaialad.

1.2.11.4 Determination of fungal antagonists in theoil

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 smmples were dried under shade for two
days before isolation. Fungi were isolated by s$efilation at 10° and number of colonies for
each fungus was counted and identified. The P@atdrose Agar (PDA) was used to isolate the
fungi and identified using a compound microscopecgnen and reference manuals (14).

1.2.12 Data analyses

The data collected from the experiment was subjetieANOVA using GenStat. 12edition
software. The means were compared using LSD atOB<ONematode and egg counts were
square root transformed(x + 1) before statistical analysis and back-transformeuere x is the

mean count.

2.1 Experiment 1. Results and discussion

2.1.1 Percentage eggs hatched at 3, 6 and 9 dayterinoculation in different aqueous
extractsin vitro

The effect of organic amendments (sweet orangecassiava peels) on root-knot nematode egg
hatching at 3, 6 and 9 days after application es@nted in Table 1. The lowest percentage of

10
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egg hatched was observed in the fresh orange paebas extract with 6.9, 11.6 and 12.2% at 3,
6 and 9 days, respectively. The highest percerdbgmt-knot nematode egg hatched (45.8, 89.5

and 98.2%) was obtained in the sterilized watéh@tsame observation dates.

For the egg hatching inhibition, highest percenté®©8%) was observed in the fresh orange
peel aqueous extract, followed by fresh cassavd pgaecous extract (79.1%). The lowest

percentage of egg hatching inhibition (1.8%) waréed in the sterilized water (Table 1).

Table 1. Percentage of eggs hatched at 3, 6 and&yd after inoculation in different aqueous
extracts

Percent egg hatched/day

percent
€gg
Treatment 3 6 9 hatching
inhibition
at 9 days
Dry Cassava Peel 14.9 27.4 29.9 70.1
Dry Orange Peel 10.4 23.4 25.2 74.8
Fresh Cassava Peel 9.0 19.0 20.9 79.1
Fresh Orange Peel 6.9 11.6 12.2 87.8
Sterilized water (control) 45.8 89.5 98.2 1.8
Lsd (0.05) 2.5 6.5 5.2 5.5
CV (%) 5.6 6.7 5.5 6.6

There were significant differences (P<0.05) betwagmeous extract of fresh orange peel and the
other extracts in all the observation dates exfregh cassava peel aqueous extract at three days
after inoculation (Table 1). However, the percgetagg hatching inhibition at nine days after
inoculation showed significant differences (P<0.08jween fresh orange peel aqueous extract
and the rest of the treatments (Table 1). Thedsghercentage of egg hatching inhibition in the
fresh orange peel aqueous extract may be attriltotélde presence of phytochemicals such as

limonene which suppressed egg hatching. Accordingsiinanet al. (15) limonene in orange

11
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peels has shown biological activity against a walege of plant pests with effects on the growth
rate and reproduction of plant parasitic nematode®seiet al. (16) reported that citrus waste
inhibited egg hatching by more than 90% after 7RbBxposuren vitro. Also, the fresh cassava
peel agueous extract significantly inhibited egtchimg than dry cassava peel aqueous extract
and sterilized water. This could be due to the gamres of hydrogen cyanide which is known to

have nematicidal properties (17).

2.1.2 Percentage mortality of root-knot nematode jueniles 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 afteliagon. The result of the percentage
mortality followed a similar trend in all the obsation periods. The aqueous extract of fresh
orange peel had the highest nematode mortalityl the three periods observed (45.6, 86.6 and
94.8%), followed by fresh cassava peel aqueousex(B6.2, 71.0 and 86.6%) and dry orange
peel aqueous extract (35.4, 70.6 and 86.4% ) at4®2and 72h, respectively. The lowest
mortality was observed in the sterilized water (€&d).

Table 2. Percentage mortality of root-knot nematodguveniles in different aqueous extracts
in vitro

Percent mortality/h

Treatments 12 48 72
Dry Cassava Peel 22.0 57.0 62.6
Dry Orange Peel 35.4 70.6 86.4
Fresh Cassava Peel 36.2 71.0 86.6
Fresh Orange Peel 45.6 86.6 94.8
Sterilized water (control) 0.0 0.0 0.0
Lsd (0.05) 1.2 1.1 2.0

CV (%) 3.1 1.2 1.6

12
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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 orange peel and the fedkedreatments applied (Table 2). Tsai (18)
reported that agueous extract of orange peels dausetality rate of juveniles by 93.5% after
72h of exposure. The highest mortality rate in filesh orange peel aqueous extract could be
due to higher stability of lemonene in water conegato hydrogen cyanide. Li and Chang (19)
stated that lemonene moderately dissolve in watdr remained stable for eight weeks after
storage, while hydrogen cyanide had low persistemeeter.

Comparing the fresh peels and dry peels, it wasrebd that fresh peels of orange and cassava
had higher effects on egg hatching and mortalityooft-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. Studies hawersiitat concentration of lemonene is higher
in the fresh peels compared to the dry peels. Katnal. (20) reported that concentration of
limonene was found to be significantly higher ire tiresh peel of sweet orange (80.9 %)
compared to the dry peels (66.8 %).

2.2 Experiment 2. Results and discussion

2.3 Effect of sweet orange and cassava peels andittcombinations on root-knot
nematodes in the field

2.3.1 Effect of organic amendments on the yield admato in the major and minor seasons

The highest yield of tomato fruits was recordedhie combined application of fresh orange and
cassava peels, while the lowest yield was obtainethe no application (control) (Table 3).
There were significant differences (P<0.05) betwtencombined application of fresh orange
and cassava peels and the rest of the treatmergptethe combined application of fresh cassava
and orange peels (Table 3). The highest yiekkoked in the combined application of fresh

orange and cassava peels can be explained byghentimber of colony africhoderma sp and

13
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low root-knot nematode population. The level ofuetibn in quantity and/or quality of yield of

crops due to root-knot nematode damage is posito@irelated to their population (21).

Table 3 Effect of treatments on fruit yield of tomao in the major and minor rainy seasons.

Yield kg/ha
Treatments major minor
season season
Fresh Orange Peel (FOP) 19212.0 15289.0
Dry Orange Peel (DOP) 18172.0 14373.0
Fresh Cassava Peel (FCP) 17508.014660.0
Dry Cassava Peel (DCP) 17476.0 12394.0
FCP +FOP 20774.0 16170.0
FOP + FCP 20981.0 16707.0
DOP +DCP 18832.0 14057.0
DCP + DOP 18547.0 14008.0
NPK Only 15926.0 9943.0
Carbofuran 19066.0 15155.0
No application (control) 6512.0 3311.0
Lsd (0.05) 834.6 662.2
CV % 3.2 3.5

The yield observed under the different test treatséad consistent trend over the major and
minor seasons. However, significant yield reductia@s recorded in the minor season across the
treatments. The drop in yield for all the treatnsemt the minor season might be attributed to
massive flower abortion due to the sensitivity loé tvariety to cold weather condition. During
this period, the average temperature recordedeatridd site was 29.6°C Maximum and 20.8°C

Minimum. According to Khodorova and Boitel-Confl2) extreme temperature such as high

14
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daytime temperatures (above®29), or high nighttime temperatures (above’@] or low

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

2.3.2. Number of juveniles extracted from the rootsind soil of tomato in the major season

The number of root-knot nematode eggs, number of jugenéxtracted from the roots and
number of root-knot nematode adults from the sébitamato grown in the major season is
presented in Table 4. The highest percentage rneduof root-knot nematode eggs (47.6%),
juveniles in the roots (69.3%) and adults in thié (§®.9%) over the control was observed where
carbofuran was applied, followed by the combinepliaption of fresh orange and cassava peels
(42.6, 63.4 and 74.0%). The application of NPKiiliger alone had the lowest percentage
reduction of root-knot nematode eggs (0.9%), juesnfrom the roots (9.8%) and adults from
the soil (10.0%) over the control (Table 4). Thebofuran was significantly different (P<0.05)
from the rest of the treatments except the combapgidication of fresh orange and cassava peels
(Table 4).
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410 Table 4 Gall index, number of eggs, number of juvdles in the root and number of nematodes in the doof tomato in the

411 major season

% Root- 76 Root- 7o Root-
Root-knot  Root-knot | Root-knot knot Root-knot knot
Treatments nematode nematodes . . nematode  nematode nematode/100ml nematode
Gall eggs/10g : juveniles/10g reduction Soil reduction
index root reduction ./ from from soil
of eggs roots
Fresh Orange Peel (FOP) 2.5 1061.0 30.2 117.0 42.9 379.0 64.8
Dry Orange Peel (DOP) 2.5 1183.0 22.2 131.0 36.1 8.40 62.2
Fresh Cassava Peel (FCP) 2.8 1278.0 16.0 128.0 37.6 432.0 59.9
Dry Cassava Peel (DCP) 3.8 1388.0 8.7 129.0 37.1 475.0 55.9
FCP + FOP 1.8 873.0 42.6 75.0 63.4 329.0 69.5
FOP + FCP 1.3 816.0 46.4 65.0 68.3 280.0 74.0
DOP +DCP 2.5 1124.0 26.1 130.0 36.6 383.0 64.5
DCP + DOP 2.5 1169.0 23.1 132.0 35.6 395.0 63.4
NPK fertilizer 5.0 1507.0 0.9 185.0 9.8 970.0 10.0
Carbofuran 1.3 797.0 47.6 63.0 69.3 260.0 75.9
Non application (control) 6.3 1521.0 - 205.0 - 1078.0 -
Lsd (0.05) 0.4 81.2 - 16.0 - 81.1 -
CV(%) 8.1 2.4 - 3.9 . 5.5 ;

412

413  *All data were back-transformed after transformisgg+/ (x + 1);
414 *Galling on scale 0-10 where 0 = no galls and 16ct system completely galled
415 % percentage values were calculated over the dontro
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437
438
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441

442
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446
447
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The combined application of fresh orange and casgseels was found to be as good as
carbofuran in controlling root-knot nematode (Ta#)e This might be due to the combined

effect in the application of fresh orange peelstfiollowed by the application of fresh cassava
peels. The application of fresh orange peels fingiht have significantly reduced the initial

population of root-knot nematodes and by the tiheegopulation started to increase again, the
additional application of fresh cassava peels atethweeks after transplanting could have
reduced their number significantly below that of tither treatments. This result agree with that
of Sundararaju and Kumar (23) who reported thatithiegration of organic amendment and
green manure was more effective in reducing the baunof nematodes and subsequently

increasing plant growth and yield than the orgargatment alone.

2.3.3. Population of root-knot nematode extractedrébm the root and soil of tomato plants

in the minor season

The combined application of fresh orange and caspaels had significantly reduced gall index
(1.3) and number of eggs of root-knot nematodesi@b) as good as carbofuran over the control
(Table 5). Significant differences (P<0.05) ocedrbetween the combined application of fresh
orange and cassava peels and the rest of thenaet tested except the combined application
of fresh cassava and orange peels and carbofOsaiet al. (16) indicated that citrus waste
inhibited egg hatching by more than 90% after 7@rbf exposuren vitro. The reduction of
the number of root-knot nematode eggs on the rbatge corresponding effect on their
population in the root and soil and gall index (leab). Therefore, the reduction in the gall
index due to the combined application of fresh geaand cassava peels was partly as a result of
low number of eggs. According to Jaitethal. (24) the highest plant inoculation level of root-
knot nematodes eggs on tomato resulted in the stighenber of eggs, juveniles and fresh root

weight.
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449
450

451

452
453
454

Table 5. Initial root-knot nematode population, gal index, number of egg and number of root knot nemtmdes extracted from

the root and soil of tomato at the field in the milor season

Root- % Root- % Root- % Root-
Root- knot knot Root-knot knot knot
knot nematode nematode nematode nematode Root-knot nematode
nematode eggs/10g egg juveniles/10g juveniles nematodes/100ml reduction
Treatments gall index root reduction root reduction  sall from soil
Fresh Orange Peel (FOP) 1.9 831.0 52.2 108.0 2 52. 278.0 75.0
Dry Orange Peel (DOP) 2.3 949.0 454 133.0 41.2 343.0 69.2
Fresh Cassava Peel (FCP) 2.8 969.0 44.2 136.0 8 39. 365.0 67.2
Dry Cassava Peel (DCP) 3.0 1178.0 32.2 143.0 36.7 513.0 53.9
FCP + FOP 1.0 709.0 59.2 99.0 56.2 235.0 78.9
FOP + FCP 1.0 670.0 61.4 88.0 61.1 190.0 82.9
DOP +DCP 2.3 852.0 51.0 127.0 43.8 313.0 71.9
DCP + DOP 2.3 880.0 49.3 132.0 41.6 324.0 70.9
NPK fertilizer 7.0 1725.0 0.7 218.0 3.5 1018.0 8.5
Carbofuran 1.0 635.0 63.4 85.0 62.4 175.0 384
No application (control) 7.3 1737.0 - 226.0 - 11m3 -
Lsd (0.05) 0.5 48.6 - 10.8 - 44.9 -
CV (%) 5.6 3.2 - 3.0 - 3.2 -

? All data were back-transformed after transformatjdx + 1);
*Galling on scale 0-10 where 0 = no galls and 10at system completely galled
% percentage values were calculated over the dpntro
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Highest percentage reduction of juveniles in thes@62.4%) and soil (84.3%) was observed in
plot treated with carbofuran, followed by the conda application of fresh orange and cassava
peels (61.1 and 82.9%), while the lowest reductibrjuveniles in the root (3.5%) and soil
(8.5%), respectively, over the control treatmenswhserved in the NPK fertilizer treated plots
(Table 5). Significant differences (P<0.05) webserved between carbofuran treated plots and
the rest of the treatments except the combinedicgbipin of fresh orange and cassava peels
(Table 5). The potential of the fresh orange aassava peels combination in reducing the
population of root-knot nematodes in the roots aoidl of tomato as good as carbofuran could
be due to the combined effect and higher presehckEiochoderma sp. The colony count of
Trichoderma sp was observed to be higher in the combined egipin of fresh orange and
cassava peels than all the other treatments téSeduale 6). Previous research has shown that
Trichoderma spp have good potentials for plant parasitic nedetcontrol. Kharet al. (25)
reported tha®. harzianum decreased the negative effects of nematodesnig&alia decrease in

galling and an enhancement in the growth and yiéttie eggplant.

2.3.4. Effect of the organic amendments ofrichoderma spand free living nematodes in the
soll

The types of microorganisms predominantly found tie soil were Trichoderma sp as
nematophagus fungusHetetocephalobellus spp and Eucephalobus spp as bacterivorous
nematodes anDictylenchus spp as fungivorous nematode (Table 6). The coeabapplication

of fresh orange and cassava peels significantieased number of colonies fichoderma sp

(9 colonies), followed by the application of freshange peel alone (8 colonies). The lowest
number of colonies was observed in the applicatiocarbofuran (O colony) (Table 6). The high
colony count in the combined application fresh geand cassava peels might be due to the
presence of certain chemical compounds that favguansth and multiplication ofrichoderma

sp compared to the other treatments (cassava pdel§,alone and carbofuran). According to
Duli, et al. (26) results obtained from laboratory experimenttbe evaluation of different
substrates fof. harzianum showed highest growth rate and sporulation ongegaeel substrate

compared to other substrates tested.
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487

Table 6. Fungus and free living nematodes isolatdcom different soil treatments and their trophism

No. of fungus and free living nematodes

Nematophagus fungus

Bacterivorous nematodes

F

unginaus nematode

Treatments Trichoderma sp Heter ocephal obellus sp Eucephal obus sp Ditylenchus sp
Before After Before After Before After Before Af_ter :
application application application application application application application applicatio
Fresh Orange Peel (FOP) 1 8 3 1 2 1 3 2
Dry Orange Peel (DOP) 1 6 3 0 4 1 2 1
Fresh Cassava Peel (FCP) 1 2 4 24 3 18 2 23
Dry Cassava Peel (DCP) 1 1 2 17 2 16 3 25
FCP +FOP 1 8 1 8 1 7 1 5
FOP + FCP 1 9 0 2 1 2 0 3
DOP + DCP 2 7 0 1 1 1 2 2
DCP + DOP 1 6 1 5 2 4 2 6
NPK fertilizer 2 2 0 4 1 3 2 2
Carbofuran 1 0 1 0 3 1 1 0
No application (control) 2 1 1 3 2 4 1 3
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In the case of bacterivorous and fungivorous nedes, the highest count was observed in
application of fresh and dry cassava peels compartdfresh and dry orange peels and their
combinations (Table 6). The bacterivorous and fumgius nematodes extracted from the soil
after application of the treatments were found &significantly lower in the application of
carbofuran and plots treated with fresh and dryngeapeels (Table 6). Odeyestial. (27)
reported that addition of organic amendments insthiehad resulted in population increase of
free-living nematodes. Potential changes in thendanoce and community structure of free-
living nematodes was observed following the appilicaof organic amendments in the surveyed
areas (28). Although, the cassava peel containidgan the peels which kills nematode (5)
however, cyanide is easily degraded under high éeatpre and in water (19). This low
persistence of cyanide in cassava peels might fex@ured the rapid multiplication of the

bacterivorous and fungivorous nematodes at wheshfand dry cassava peel were applied.

Conclusion

At the laboratory, higher percentage of egg hattibition and mortality of root-knot nematode
juveniles was observed in the fresh orange peet@egiextract compared with the rest of the
treatments. The fresh orange and cassava peelBigifael percentage egg hatch inhibition and
mortality of root-knot nematodes than the dry omagd cassava peels. The field experiment
carried out in the two first seasons (major andamseason) showed no significant difference
(P<0.05) between carbofuran and the combined agipit of fresh orange and cassava peels in
all the nematode parameters observed. Howeverdimbined application of fresh orange and
cassava peels significantly increased the yielwiato more than the application of carbofuran
in both seasons. Higher number of colonytrodhoderma sp was observed in the combined
application of fresh orange and cassava peels cmupaith the other treatments tested. The
fresh peels of orange and cassava were obsengghificant reduce gall index, number of root-
knot nematode eggs, number of root-knot nematodenjles in the root and number of
nematodes in the soil more than the dry orangecassiava peels.

The bacterivorous and fungivorous nematodes wenedf@o be higher in the application of fresh
and dry cassava peels more than the other treadmiém study recommended for multi-location

testing of the combined application of fresh oraagd cassava peels at various tomato farms.
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Also, different methods of application such as aapion in the form aqueous extract should be

evaluated to make the technology more appropraatthée farmers.
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