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Abstract

An experiment was laid out at the Teaching and &eseFarm of the Federal University of Technolofgure
to investigate the trend in plantain growth resgoasd nematode population density build up in respdo
paring, redacalyphaleaf extract, hot water and boiling water dip. A&baround plant growth parameters were
assessed 55, 84 and 111 days after planting, appately 8, 12 and 16 weeks respectively. Populadiensities
of plant parasitic nematodes in root rhizospherth@se dates were also investigated. The resulisaited that
paring enhanced plantain resistance to plant garasid edaphic stressors. In a holistic approgehing and
further treating pared suckers in red acalypha tedfact for 5-15 mins conferred protection agaipisint
parasitic nematodes and liming effect on the sHilis supposed liming effect merits further inveatigns.
However, pre-plant dip of pared suckers in redyqta leaf extract for 20 mins resulted in stresshenplant,
which encouraged high nematode density build upcamd¢omitant parasitism.

Keywords. Helicotylenchusmulticinctus Pratylenchus coffeadRadopholus similisplantain, red acalypha, hot
water treatment, plant extract

1. Introduction

Plant parasitic nematodes are major constrairttsetproduction of plantailfMusaspp., AAB-group) in Nigeria.
With reference to the, black sigatoka leaf disems@ the banana weevils, the nematode sperasylenchus
coffeaeand Radopholus simili@re considered the key pathogens causing greaagiato plantain in Nigeria
(Speijeret al, 2001).P. coffeaeis strongly associated with root damage and plappling over, which are
strong indices of plant parasitic nematode damage. species has been ranked the number one congstrai
plantain production in Nigeria (Olaniyi, 2011). Thkant parasitic nematodes species most frequastigciated
with plantain in Nigeria areHelicotylenchus multicintus, Hoplolaimus pararshus, Meloidogynespp.,
Pratylenchusspp. andRadopholus similigRotimi et al, 1999; Speijeet al, 2001).

A complex ofRadopholus similis, Helicotylenchus dihystera, Hultitinctus Hoplolaimus pararobustuand
Meloidogynespecies in South eastern Nigeria cause on aveb§é, loss in plantain production in Nigeria
depending on the cultivar type and cultural pragiemployed (Olaniyi, 2011Pratylenchus coffeaavas
reported to be important in southwestern Nigeriat ¥ spite of its seriousness, it damage poteritial
Southwestern Nigeria is yet to be quantified anstdbed.

These damaging nematodes are introduced to nevetaedwise clean fields through infested soil adigeitio
planting materials and also infected roots of sughanting materials (Speij&t al, 2001, Rotimi and Opadare,
2006). This makes sanitation an important nematadeagement principle in plantain. To improve rood a
rhizome health, sucker planting materials are ofi@red (i.e. removal of adhering soil and peelifithe skin of
the rhizome in order to expose infected tissuanpre where possible before planting or discard rizsewith
serious infection (Blake, 1961). However, farmeosnibt feel comfortable with this procedure and sloav to
adopt it because they often believe that such pswetlers would not survive and if they do would ddaw
productivity. In order for farmers to adopt thidtawal practice, the benefits of paring need talbmonstrated.
Also in developing effective environmentally frigpdnterventions, several options are considedschlypha
wilkesiana(red Acalypha) leaf extract has been demonstritdgke effective against plant parasitic nematodes
(Rotimi and Moens, 2005) and documented as effegtiantain root health enhancer. In order to develo
effective control tactic for plant parasitic nend#e on plantain an integrated management packaggdshe
developed. Therefore, this study investigated ffieaey of combining paring with reécalyphaleaf extract at
different exposure duration, hot water or boilingter treatments in the control of plant parasigmatodes on
plantain, cultivar Agbagba, iR. coffeaeendemic Southwestern Nigeria.

2. Materialsand M ethods
2.1 Site Description and Field Layout

1 Current Address: Biology Unit, National Open Univgr®f Nigeria, 14/16 Ahmadu Bello Way, Victoria ésid, Lagos,
Lagos State. E-mail: molaniyi@noun.edu.ng
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The trial was conducted at the Teaching and RelleBezm (Crop section) of the Federal university of
Technology, Akure. Akure lies within the Tropicaimforest belt between latitudé\sand longitude 1% of the
equator, with an annual mean temperature of abfi@.the dry season is usually witnessed in Akure betw
November and March, while the rainy season ranged April to October.

The experimental site covered a total area of F6@meviously, the site was used for a mulch tdastudy the
vegetative response of plantain to two organic muypes. The experiment had been terminated fivathso
earlier and left to re-vegetate naturally before she was opened for the present study. Thevidalarranged in

a completely randomized design (CRD) of eight treatts in all and ten replicates per treatment. Siteewas
slashed and burned before marking out and estafiligshe field. The spacing used was 3 metres betviee
rows and 2 metres within the rows, there were DBexs per row and eighty suckers in all for thaltri

2.2 Preparation of Red Acalypha Leaf Extracts andk&r Treatment

Plantain (cultivar Agbagba) suckers were sourcethfwithin the vicinity of the Teaching and Reseafeinm of
the University (Crop section), while the red Acdigpwas sourced from Owena, a suburb of Akure. There
eight treatments in the experiment including thetas. The treatments were: pared control (T1)epauckers
with 5 mins dip inAcalyphaextract (T2), pared suckers with 10 mins dip\salyphaextract (T3), pared suckers
with 15 mins dip inAcalyphaextract (T4), pared suckers with 20 mins dipAzalyphaextract (T5), Hot water
treatment at SZ for 20 mins (T6), Boiling water treatment at 300for 30 sec. (T7) and Non-pared control
(T8).

Air-dried leaves of red Acalypha plant were pulzed and 100g of the powder was dissolved in Sslitrfecold
water in four different buckets each. A wooden veas used to stir the mixture to ensure homogewizaifter
which they were left to stand for 30 mins. The leiskwere respectively labelled as 5, 10, 15 andh2@ites
with a marker to avoid mix-up. Thereafter, 10 suskeere dipped into each of the buckets and the Vedt to
stand for the duration on each bucket's label. Shekers were removed and left to air dry under shad
afterwards.

For the hot water treatment, 10 suckers were difpedater at 52C +2°C for 20 mins and they were removed
and left to cool for about 24 hours before plantiwgile for the boiling water treatment, 10 suckerse dipped
in water at 108C for 30 sec. Suckers were planted off Becember, 2006. Due to cessation of rainfall dyrin
this period of the year, manual irrigation of thar once in two days was adopted until the resiompof
rainfall in late March, 2007.

2.3 Above Ground Plant Growth Parameters

Growth parameters were taken on the above grourtd phthe sprouted plants at 55, 84 and 111 dégs a
planting (DAP), giving approximately 8, 12 and 1@eks after planting (WAP) respectively. Data taken
included the height of the pseudostem of the mapleant from the surface to the point of emergerzoéls) of
the youngest leaf, the girth of the pseudostenoihtevel, number of functional (green) and nondtional (dry)
leaves. A leaf was considered functional when astle’5% of the leaf area is green and non-fundtidna
otherwise (Rotimet al, 2004b). The length and the width of the youndgsst were measured: the length of the
youngest leaf opened was taken from the stalkedehf apex while the width was taken from the wig®ortion

of the leaf. The leaf area was calculated as lergtidth x 0.83 (a constant) according to Obiefand Ndubizu
(1979).

2.4 Nematode Extraction and Identification

Soil samples were taken from the rhizosphere oh gdant at 8, 12 and 16 WAP. One hundred ml of each
sample was measured unto a serviette placed iasiqpbkieve. The sieve was then placed in a plaptdie and
water was carefully added to the plate until thé en the serviette-covered sieve appeared moistopn
(modified Baermann tray). The setup was left tmdtéor 24 hours after which the resulting suspemsi@as
decanted, left to stand for 4 hours afterwardsthad reduced to 30ml with a syringe.

Plant parasitic nematodes were identified to spdeieel with the light microscope and all developia¢ stages

of the nematode species were counted, except éorabt knot nematode which was identified only engs
level and only vermiform juveniles and males thatlld be extracted with the extraction technique ewer
counted. The total of all the developmental stagesnted was presented in each case. Densitieseof th
nematodes were estimated and presented per lig@lof

2.5 Soil Chemical Analysis

At time of field establishment, soil samples wemkenn from each replicate hole and bulked per treatrfor
physico-chemical analysis. Soil samples were a#d@nt at termination of the experiment, 16 WAP. Soil
chemical analysis was carried out in the soil Atiedy laboratory of the Department of Crop, SoidaPest
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Management of the Federal University of Technoldgure. Soil properties determined included pH roden,
cations such as €aMg?*and K’ content. Others were Phosphorus, Sodium, orgaattemand organic carbon.

3. Results

3.1 Effects of Treatments on Plantain Growth Patt@ross the Sampling Dates

The effect of the treatments on plant height re¢atd time is presented in Figure 1(a tH® Rvalue presented
on each graph is the coefficient of determinatibaach regression equation. The 5 mins dip in cedypha leaf
extract (Figure 1b), 10 mins dip in red acalyplef kxtract (Figure 1c¢) and 30 sec dip in boilingevgFigure
1g) treatments exhibited linear trend in growthpmesse over time. A quadratic polynomial functiotrahd in
height increase was observed with the 20 minutpdrdAcalyphaextract treatment over time (T5), hot water
treatment and non-pared control which is the faisn@ethod followed (Figure 1e, f, h). Only the ph{Eigure
1a) and the 15 mins dip icalyphaextract (Figure 1d) displayed a cubic polynomiahd in height increase
over time.

Pseudostem thickness increased at a linear ratdime2only for the pared treatment (Figure 2a)la/ifor the 5
mins dip in red acalypha leaf extract, pseudosteickhess over time responded with a quadratic fotyal
function (Figure 2b). All other treatments (Figu2e - h) displayed a cubic polynomial trend in irage in
thickness over time.

In the number of functional leaves produced, theg#reatment followed a cubic polynomial functmrer time
(Figure 3a) while boiling water dip (Figure 3g) attte farmer’s material (Figure 3h) displayed a gatd
polynomial trend from 55 to 111 days after plantifighe number of green (functional) leaves produnéte 5,
10, 15 and 20 minutes dip iAcalyphaextract treatments along side the hot water treatraxhibited a linear
response over the sampling dates (Figure 3b —f).

Ten, 15 and 20 min dip in red acalypha leaf exteeciwvell as 30 sec dip in boiling water resultedinear
response in leaf area expansion from 55 to 111 dfigs planting (Figure 4 c, d, e and g) while engian trend
in leaf area in all the other treatments can béagmxgd by the quadratic polynomial function.
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Figure 1. Effects of redcalyphaextract, hot and boiling water treatments on heighponse of plantain from
55 to 111 days after planting.
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Figure 2.Effects of redAcalyphaextract, hot and boiling water treatments on psetgio girth of plantain
response from 55 to 111 days after planting.
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Figure 3.Effects of redAcalyphaextract, hot and boiling water treatments on nunab@reen leaves produced
by the plant from 55 to 111 days after planting.
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Figure 4.Effects ofAcalypha wilkesiandeaf extract, hot and boiling water treatmentstonleaf area growth
trend of plantain from 55 to 111 days after plagtin

3.2 Effects of Treatments on Plant Parasitic NemiatSpecies and Densities Recovered

Three species of plant parasitic nematodes nantédjicotylenchus multicinctus, Pratylenchus coffeasl
Radopholus similisvere recovered from plantain rhizosphere in thislygt At 55 days (8 weeks) after planting,
only the 5 minutes dip in extract (T2) had a coratiom of two species of nematodes nanRégopholus similis
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and Pratylenchus coffeawhile P. coffeaewas recovered under plantain in the other treatsnexcept 20 mins
dip in extract and the not pared control (Figur® 8884 days (12 weeks) after planting, the higpegulation
density and species combination was observed irRGhminutes dip in extract (T5) (Figure 5b) whileld 1
days (16 weeks), the nematode population recovémd the roots had reduced relatively to the earlie

population densities observed in preceding samsl{Rggure 5c¢).
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Figure 5. Effects of treatments on rhizosphere nededensities at 55 (a), 84 (b) and 111 (c) d&gs planting
(DAP).

T1 = Pared control (no dip treatment), T2 = 5 midg in Acalypha extract, T3: 10 mins dip in Acalgph

extract, T4 = 15 mins dip in Acalypha extract, T2& mins dip in Acalypha extract, T6 = Hot-watezatment

for 20 mins, T7 = Boiling-water treatment for 30csd8 = Non-pared control. Column fractions follavby

same letters (and numbers) are not significantffedent at <0.05.

3.3 Effects of Treatments on Soil Chemical Propstrti

Chemical properties of the soil at pre-plant arespnted on table 1 while table 2 presents thecbeiical
properties 111 days after planting. Ten and 15 mipsn Acalyphaleaf extract, and 30 sec dip in boiling water
depressed soil pH, while 5 and 20 mins dip inAedlyphaextract as well as 20 mins dip in hot water resul
in slightly raised pH. The non-pared control, whrelpresented the farmer’s method, also resultetepressed
soil pH, while the pared suckers gave relativelgstant pH. Generally, soil potassium content dediibetween
planting and termination of the experiment 111 dafysrwards. Except for the 15 mins dipAnalyphaextract
treatments, soil phosphorus also declined fromtigrtill end of experiment. Nitrogen content aldeclined
marginally from planting to termination of the exipeent; except for the 20 mins hot water dip andn3@s
boiling water dip treatments.
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Table 1. Pre-plant soil chemical properties in plohere the treatments shown were laid out

T1 = Pared control (no dip treatment), T2 = 5 mdifsin Acalypha extract, T3: 10 mins dipirn
Acalypha extract, T4 = 15 mins dip in Acalypha exty T5 = 20 mins dip in Acalypha extract, T6
= Hot-water treatment for 20 mins, T7 = Boiling-eatreatment for 30 sec, T8 = Non-pared
control.

Treatment pH Mg Ca %OM | %OC | P Na K N

T1 5.87 | 230 | 2.90 11.31 6.55 142 7.13 113 0.31
T2 559 | 1.10 | 3.50 6.49 3.75 141 12.3 041 0.38
T3 573 | 0.70 | 3.40 10.02 5.72 1.10 13.3 0.56 0.21
T4 5,79 | 1.30 | 3.10 8.62 4.99 096 1139 124 0.20
T5 545 | 1.10 | 2.00 9.93 5.75 0.88 10.52 0.7 0.32
T6 546 | 1.10 | 2.40 13.25 7.66 143 1235 046 0.17
T7 6.08 | 0.80 | 2.90 9.87 5.71 241 1096 0.36 0.27
T8 568 | 1.80 | 2.90 10.97 6.34 1.29 13.04 0.36 0.18

Table 2. Effects of paring, red acalypha leaf esttrdnot and boiling water treatments of plantain
sucker planting materials on soil chemical properfi6 weeks after planting

T1 = Pared control (no dip treatment), T2 = 5 mdifsin Acalypha extract, T3: 10 mins
dip in Acalypha extract, T4 = 15 mins dip in Acahgp extract, T5 = 20 mins dip in
Acalypha extract, T6 = Hot-water treatment for 2iisnT7 = Boiling-water treatment far
30 sec, T8 = Non-pared control.
Treatment | pH | Mg Ca %OM | %OC | P Na K N
T1 5.86| 1.10 3.80 11.18| 6.46 0.94 11.39 0.56 0.28
T2 5.94| 0.10 3.80 11.31] 6.54 0.83 14.43 0.87 0.31
T3 5.24 | 0.50 3.80 9.73 5.63 0.59 11.83 0.41 0.15
T4 5.60| 1.70 2.70 10.69] 6.19] 0.90 | 15.13 0.36 0.18
T5 5.84| 200 | 240 | 11.24] 6.50] 1.0p 11.74 042 0.18
T6 5.52| 0.70 | 250 | 9.38 543 124 12.17 029 031
T7 556 | 1.60 | 280 | 9.31 5.39] 0.88 11.83 0.25 0.27
T8 5.55| 050 | 2.80 | 9.31 531 1.04 10.26 0.27 0.13
4. Discussion

The linear response obtained for some of the grgaiiameters for 5, 10, 15 and 20 minutes dip ilypba

extract, hot and boiling water treatments in thiglg connotes that the rate of change in the grafthe plant
in the treatments increased over time at a constémtin spite of the prevailing harsh dry conditi®olynomial

functional relationships obtained in the non-pacedtrol (Farmer’'s method) might be an indicatiortteg high

susceptibility of unpared planting materials to dvgather. This then suggests that paring the suo&fare

planting enhanced the plant’s ability to withstabidtic and edaphic stress. Further treating thentplg

materials with plant extract or hot water (52&palso conferred some level of resistance to te&sss factors.
Olaniyi (2014b, In Press) also reported functicgrawth trend in time for plantain in reaction tayanic mulch.
The author noted that organic mulch enhanced thetplability to withstand biotic stressors likerglparasitic
nematodes in the environment.

The effects of treatments in the present studyromwip parameters such as the leaf area, numbemafibnal

leaves, plant height and girth revealed that 15ute dip of planting materials in the extract shdveeme
promise in enhancing plant growth performance. H@reit is not clear what this additional benefitdipping
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pared suckers translates to in maintaining low redepopulations since the suckers that were oatggphad
very low densities ofP. coffeae(about 20/litre soil) and maintained no detectaldeel of nematodes
subsequently. Where as the highest densitl.ofoffeaerecorded in this study was from the 15 mins dip in
extract, earlier report (Olaniyi, 2014a, In Presispwed that 15 min dip reduced nematode damageotoand
rhizome of plantain and also reduced nematode tiemsin the present study 5 and 10 mins dip treatm
seemed to better reduce nematode population densiti plantain compared to the 15 mins dip. Gelyeral
Helicotylenchus multicinctus, Pratylenchus coffaad Radopholus similisvere the nematode species observed
from plantain roots and the rhizosphere in thislgtThere is need to monitor plant response toettiesatments
and nematode development on plantain under theasrtents till yield stage.

Although densities of the species in the rhizospheere low with maximum of 108. multicinctus/ litre, 600

P. coffeae/ litre and 200R. similis/ litre, it is clear that densities had increadesin the initial pre-plant
densities of PP. coffead litre soil and 2H. multicinctug/ litre soil. This shows that planting a host plama soil
would quickly increase the densities of the nematsplecies to a damaging level. It would be infoiveato
investigate the effect of these densities on rodt hizome damage of plantain. Before the choica pfant to
put in a soil is made, it would be helpful to fickt a diagnostic nematode assessment in ordeo poit in a host
crop in a field where a damaging species is prewaleor instance, Speijat al. (2001) established Pc as the
most damaging on plantain in Nigeria and the faat it could persist in a field without the plamtdiost makes
its control a big challenge as this might signifattit has a wide host range. The trend in popratiensities
recovered from plantain rhizosphere is at variamitk earlier record oH. multicinctusoften in higher densities
than other species on plantain in Nigeria (Speijel.,2001; Rotimiet al, 2004b, c; Coynet al, 2005).
Radopholus similisvas not recovered from the soil before the estavient of this trial but was recovered from
the rhizosphere of plantain 55 days (8 weeks) gitnting in 5 min dip in red acalypha leaf extraetatment
but subsequently, it was undetected in soil samfles shows that firgdR. similismay not have as wide host
range a$. coffeaeor probably it could not persist as longRascoffeaen the absence of a preferred host hence
the absence of the species in the soil pre plams. [&nd had been fallowed for about 5 months beitoneas
opened up for this study. However, the presencedisappearance of the species at subsequent sgndgalia
supported Olaniyi’'s (2011) submission that for aatel diagnosis, nematode sampling should be dormssac
seasons. The study reported here was done inyreedson and Rotingt al (2004a) similarly observed that the
densities oR. similiscould decline to an undetected level in dry soil.

No specific trend emerged in plant parasitic nemf@toommunity structure under plantain in this stutlyis
suggests that several factors confound field ssudie it would be useful to investigate nematoc@etiens to
these treatments in controlled environment. Fotaimse in the unpared control treatment, no nemateae
detected in plantain rhizosphere 8 and 16 weeks pfanting whereas at 12 weeks after planBngoffeaevas
detected at an average of 400 nematodes / litteHmivever under the pared treatment, only very dmmsity of
Pc was recovered 8 weeks after planting. Subselyuemtnematode was detected implying that it mafficai
for nematode control to simply pare plantain sucilamting materials before planting without anytifier
treatment. Olaniyi (2014a, In Press) also did egbver any plant parasitic nematode species fremdbts of
pared plantain at those dates.

A number of factors could be responsible for theiateons observed in the nematode incidence actiuss
sampling dates. The variations obtained in thelresuoss the three samplings established thenatoand the
importance of sampling more than once in the diafjocstudy of plant parasitic nematodes so thatecbr
assertion can finally be made (Olaniyi, 2011, 2Q14@aPress). It is a common phenomenon in nematode
population dynamics, and that is why it is advisaisl sample several times in time and season. Aopling
only the rhizosphere could give misleading inforioratas the species recorded in this study are moigra
endoparasites and several factors could be redperisi their density fluctuation in the rhizospéeTo confirm
this, the study reported by Olaniyi (2014a, In Byesvestigated root densities and a differentggatemerged.
Therefore, for a more holistic overview, it is inmant to sample both root and soil complementaaiythis
would give more reliable information and better dgiimanagement decision. Other factors that may be
responsible for variations include the soil comditienvironmental condition and availability of mstoire in the
soil.

As expected, N, P & K values declined over timehis study. Results of this study revealed thabghicing
soil from other sources with planting materialséth the farmer’'s method of not paring may resnliricreased
soil acidity. But this would be dependent on theroltal status of the introduced soil. This is réseady the
stable pH of soils from pared suckers, which hacahering soils removed before planting. Dippihizomes
of planting materials in redicalyphaleaf extract for 5 or 20 minutes tended to redsmi¢ acidity. The liming
effect of redAcalyphashould be further explored. Considering the dVeféect of treatments on plant response
and nematode density, it would be safe to recomnpanithg as a useful cultural practice that farnsérsuld be
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encouraged to engage in. Further treating parellessian red acalypha extract for 5-15 mins mighhfeo
protection against plant parasitic nematode darf@tgniyi, 2014a, In Press) and improve soil quality
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