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ABSTRACT

The aim of study was to achieve a ready naturabifiide formulated in use as an effective envirortalen
technological package. The formulation consistedusipension and pellet due mainly to familiar ushgéarmers

in controlling particularly Phytophthora black patisease (PBPD). Natural concept to control sprei&ease by
ant vector was purposed. In fact, it was reporteat tip to 90% loss of yield in wet season in Susagat is main
cocoa production and population. Likely wet seasomry season, annual significant loss was ledibas vector.
There were three of trials including; firstly, tegj citronella (seraiwangi extracted) and cashew shell liquid
(CNSL) made from cashew husk extracted was purptsdinit lesion disease development in pod suiface
secondly, in the field, testing effectiveness ith idant extracted against the pathogen and; tlyirdésting plant
extract mixed with food bait for ant as diseasetmecThe disease incidence was measured by scadt Bisease
categorized from 0 (healthy pod), 1 (up to 25% fesion), 2 (25-50% lesion), 3(50-75% lesion) tondo(e than

75% lesion). Disease incidence was measured asfioly;] = % x 100%; | (disease incidence), U (total of

tree infected in each disease category), V (scoreach pod lesion), Z (high score). The resulthimlab activity,
showed that both 5% and 10% CNSL concentration gvaater limit of PBPD development than 5% citroaell
concentration, both NSCL and citronella treatmestiswed the lowest disease incidence (only scake ©.2.25%
pod damage), and followed by 10% concentration wascore 2.75 ~68.75% of pod damage respectivelyari
control, lower ant population investigated (scal& dr 50 to 200 ant colony) was in 20% CNSL corregion than
other trials.

Keywords: bio-fungicide, formulation, Phytophthora blackdpoocoa diseasé&jdomyrmex cordatus

INTRODUCTION

Sulawesi cocoa plays a very important role in dgwedent of national cocoa industry. It was evidenteat
majority of cocoa population (65%), production (70&nd farmers (53%) are from the region [19]. Akigh
attention of government in the region, it was adathe cocoa regulation into national economy. Teatral
Government has only laid Sulawesi region over fomusn national cocoa commodity where Sulawedhésfourth
of 6 (six) national economic corridors [16].

Compare to other world cocoa producer countries, Shlawesi farmers tend to gain more about 80% afdw
cocoa but the price incentive obtained has not meaximized due to production and productivity iss{id. The
farmers are not able to provide beans in large runib local market. In 2008, production of Sulawestoa
reported was about 501 thousand tonnes of totalpaoductivity was about 500 Kgha [19]. Since last decade,
national cocoa production has been continuing itoN&ost recently, national cocoa production esti@tghit about
300 thousand tonnes [12]. Many obstacles have fam@mg the increase of cocoa productivity suchaak bof good
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agricultural practices, ageing tree population, emensive pest and disease infestation and recisstlie is ageing
cocoa farmer population [10]. In cocoa diseaseelanserious cocoa disease significantly reducmmally bean
guantity and quantity due mainly to damaging paus$ killing trees is Phytophthora black pod dise@@PD) and
stem cancer disease causedPhytophthora palmivoraYet, the controlling disease (pathogen) has siomestbeen
ineffective due mainly to a relatively less farmegention and rapid spread disease helped bytagem wider
habitat (soil and material decomposed manner) coadarm Sulawesi.P. palmivora,causes PBPD, has a wide
host range and reduces a significant global cocodygtion, up to 30% yield loss [8] and about 10%e$ killed
annually [11]. In major national cocoa populataimgut 67% of total), Sulawesi cocoa suffered fromdisease in
wet season that has damaged up to 90% vyield lasseported up to 60% economic loss per annum [22].

A wide spread of zoospore (inoculum source) in mais helped by water splash, wind, insects, comated
organic matters on the ground. Soil is a very @luf@ctor in developing the disease cycles pawiculet season as
it is a medium where inoculum source of pathogenfaigorable to grow. Subsequently, a very essential
determination of the disease development in tHd fgethe presence of infective propagule pathagdeased such
as motile zoospore. In spread disease by watestspdence propagule released from infected podkeit falls and
is propelled by wind among canopies to meet a lgabd and then a new infection commences. Undelstg
cocoa disease cycle caused Plyytophthoraspp. in the ground was investigated by [21] in iBaBrazil. The
findings were that once sporangia from root infattielease zoospores in the ground water, theyrtimme into the
surface before carried by splash nearby pods fadydo begin a new infection in soil above. Subsady,
regarding the spread disease by water and rairdisease significance was caused by rain wash ireacip to 30
infected pods throughout 5 month observation corghéw splash and soil carriers.

A part from the spread disease by water, anothewkrdisease distribution is by insect such aslattdetermines
disease cycles as well. The ant was evidencedrty sporangia of the disease (trees investigategidfaigh disease
incidence) by foragers and in nest tunnel builtdcoa farm [13]. The soil and plant materials degosed mixed
with propagule were carried by foragers and workErgthermore, there was a positive correlatiorwben the
number and ant species foraging in the cocoa ardghe increase of disease incidence in the fieltthe study
undertaken was in wet season. Regarding the weatioee severe disease incur when high humidity oadtln the
manifestation of ant colonies in active around eotees [23].

Diversity of pathogen species in the field has dteaed yield reduction as the other issue. Evaoiatip crop

pathogen occurs in environment that generatesevitudlleles within populations as a result of gieneariation

within pathogen populations, [17] can limit yieldoguction. Therefore it needs strategies in coliigp|PBPD

pathogen [5]. Focusing on control of PBPD, effartxe just specifically to use synthetic chemicgrapches that
may have a potential harmful for agricultural ecieyn. To some extent, it can be practically deriee,farmers
are happy to use synthetic chemical control becalassical reasons are offered such as an eagdization and

rapid to see its impacts. However, long term impadiving organism in ecosystem and land as welhware of
farmers and costs should be considerably accepted.

There are many harmful fungicides driven by synthstuibstances investigated in cocoa farm such asiccu
Mancozeb, Copper Sandoz, Cupravit, Vitigran Bluep& and Nordox 56 WP. However, the formulations,
contrast in general expectation, are unlikely teetreffectiveness in controlling PBPD pathogen. [iesihe pact
that easy to use, the hazardous chemical formulatémhg term use might not benefit for farmers duoainly to

agricultural input expenses, safety reasons andigswes such as raising a new resistant genotypaciing to

controlled difficulty (cost). Seeking attractiverieihdly and environmental options to control is draing an

imperative consideration.

The trend of fungicide, plant extracts-driven tokla PBPD in the farm is still an in adequate, antjgular ready
fungicide use, even though the efforts to conthel diseases were successfully undertaken in Ldb. deatential
utilization of plant extract as promisingly bio-¢osi generally known is lemongrass (binomial namadropogon
nardus,local name seraiwangi); graviola (binomial namanona muricatasar. subonicasoursop fruit, local name
sirsak); maja fruit (Binomial naméegle marmelo€orrea, local name Maja); cashew (binomial nafmecardium
occidentaleL. cashew, local name mente). In the lab trial éxamples, [20] assessed that testing 750 ppm
concentration seraiwangi into disk can limit to 7@&¥growth diameter oP. palmivoracolony and to 83% its
biomass. [1] emphasized, giving 0.1 mdlatile compound and 0.075 ntitronella fraction from serewangi extract
per petri-disc are capable of killing flamentousmdus (ceasing 100%). Another potential naturatpct to be
developed is mente waste (husk).

In spite of managing waste of husk especial in ésting season, abundant husks are separated fu@rarid nuts
are unfortunately wasted. The only fruit and nutsddit according to the farmers. Apart from ecomofniit and
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nut values, the husk is promisingly in use as lmiotm| due to containing cashew nut shell liquidN&L). Finding
CNSL compounds in cashew wasted is not difficulyvaad it can be conventional technique or usingribel
extraction. [14] tested chemical compounds in hzaghew and found up to 30% CNSL. It was broadivknthat
chemical compound in cashew husk (CNSL) consist§86 anacardat acidand 25%cardol. Whilst, other
chemical compounds;ardanol and methyilcardolremaining are antimicrobial substances [24]. Bodindol and
cardanol substances are derivate fraannin the poisonous natural polyphenol. [25] investgafor natural
polyphenols from tannin, producing antimicrobiafeefs due to unspecified mechanism to protein wind
microorganism and cell membrane microbial destouctis well as denaturation of bacterial prot€ardol and
anacardat acidbenefit as additive substances for antiseptic gaep.Cardanolitself is used as making pesticide
formulation and drug materials after hydrogenatext@ss [9].

Therefore, the study on both seraiwangi (lemongrassardu$ and husk of cashew (ment, occidentale were
undertaken to see potential use and developmebipbobntrol PBPD in massive scale. For ant poputationtrol
due to as a vector of PBPD, Sevin 85 S (insecfjcides sprayed to pod surface infected. The useahI85 S was
purposed to reduce its population number in thestregarding spread PBPD [2]. In direct spread PB&bogen to
cocoa surface by ant, inoculum source can nudgl@dnbody and be carried to nest tunnel reachingoupod
surface [23]. The initially pod infection processgins at pathway. Therefore, becauseordatus important agent
causing the disease of PBPD, the need for altemédctic to control is urgently to be undertaldéis hypothesized
that a bait concept mixed with poisonous food gitbelieved rare pest control tactic used) maybeféective
solution for ant restriction to trees and spread®BBDue mainly to activity of ant inside the tunfidly covered by
soil and organic matters, using such a contacttitsée is likely in effective technique. The fobdit, regarding
preference tactic, then mixed with toxic chemiaddstance is believed as a smart concept to catiimto based on
foraging habit of ant. This tactic can kill the elisse agent as workers and foragers by being expéem to carry
the poisonous food bait to their nest and to féedt gueen and new generations [4].

The utilization of active ingredients made frommlaxtracts to control spread PBPD through antégtbccupying
cocoa tree is purposed in the recent study. ékjsected that plant extract fermented is promigiagl bio control
against pathogen of PBPD and its vector by usimgyspf pod surface, soil, feed bait to ant and hesshel. The
result is expected to a role of reduce the inocudonrce of disease in the farm.

EXPERIMENTAL SECTION

The study was undertaken in the Lab of Plant PtiotecDepartment Faculty of Agriculture Universityf o
Hasanuddin and cocoa observation in Soppeng ané Bistricts South Sulawesi for November 2015. Ftely
conducted was divided into three sub-trials; thédratorium and field assessments. On the lab fiial]y, the
assessment of citronella (seraiwangji,nardu$ and cashew husk (ment&, occidental extracted to controP.
palmivora growth on the pod surface. Secondly, in the fieédessment, it aimed to evaluate the ability oh bot
seraiwangi and cashew husk extracted (CNSL) toedser growth of black pod pathogen mycelium on pofhse.
And thirdly, to test both products of plant extiantcombined with food bait for purposing the PB®#&ztor.

Extraction technique

Similar to cashew husk extraction technique, imiseangi extraction, 500 g matured leaves harvesteld25 g pulp
(mature fruit) of majaA. marmelod..) were mixed. All materials dissolved, in orderobtain 1000 mL, were then
added Methanol. To separate between suspensionwasig, screen was used achieving crude susperk£iéf.
crude solution obtained was added 10 te¢polas adhesive substance for lab and field trial psp, the adhesive
material is safe for crude extract suspension. afely, leaves of soursop (local name: sirsak) aimba
fermented were grounded to 500 g and loaded 25 gxivhcted maja prepared. Furthermore, in orderapod
activate plant chemical compounds into suspensiddjng 1000 mL water of rice grains wasted andicafft
molasses (trigger of fast fermented process) were dand poured into a ready cumber. The supernatast
separated from suspension and waste material gresireviant harvested was gently stirred to be rdgiewn color.
Brown supernatant harvested was transferred ingo din-proof container for 14 days- fermentationodrict
extraction was obtained and poured into the béati@mext assessment.

Testing extract of seraiwangi in vitroto restrict diameter of P. palmivora hyphae

plant extract trial formulated to suspend was aakdeby mixing and homogenizing all materials ofaseangi

suspension following 0% (none of extraction), 1%#% &nd 10% respectively were applied to whole hgatibd

surfaces (about 10 cm pod size). In the field ttla study was designed by using randomly comglééssign with
4 (four) replications (one healthy pod treated na@lication). The total, therefore, in the fielthtrwere 32 healthy
pods.
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Testing extracts of seraiwangi and cashew husk against P. palmivorain thefield

In the field trial, preliminary observation prioo tensuring number of sampling, all trees were nthrkeeld

assessment was designed with randomly split desigsisting of 4 group observation. In each growgrehwere 3
treatments, seraiwangi extracted (citronella) comdbiwith cashew husk extracted (CNSL). Each treatmes

repeated 5 times and every replication consistefl tEes. Therefore, the total of samples was é8str2 pods
chosen in every trial were used and were marked.

Application of seraiwangi (citronella) and casheusk (CNSL) extracted to pods (more or less 10 cih gige
chosen) were chosen surrounded by pod infected RERiwgen. 1%, 5% and 10% concentration were sgriaye
healthy pod surface. A weekly application was ardypducted in the morning, in order to avoid surtligkposure,
with 6-times frequent application. Prior to estabdid trials, initial investigation on pod surfacasvdone and it then
was indicated by first observation. Subsequentbgabke incidence was measured by scoring following;

Score level of Pod damage (%)

0: healthy pod

1. disease incidence > 0 — 25,

2. disease incidence > 25 — 50,

3: disease incidence > 50 — 75,

4: disease incidence > 75

There is disease incidence pattern following by
XUELS)

"~ (ZxN)

Note :

| = Disease incidence

U = number of trees infected based on level of gahage

V= score value to every level of pod damage

Z = highest score value

N = Total pods observed

X100%

Testing plant extracted fer mented mixed with food bait for disease vector

Prior to testing disease carrier, food bait prefi@meformulated [3 ; 4] were mixed with fermentadsak and nimba
extracts in different concentration level includihg%, 20%, 30%, 40% and 50% respectively and gstashew
husk extracts fermented by concentration of 1%,18% and 20% respectively. The bait treated werkitdd pod
surface and repeated 4 times. The objective wasv/estigate ant colonies (the disease vector) fogaground the
bait. To see the effect of trials against PBPD pgém, non-covariant analysis was undertaken foltbloye Tukey’s
test. The number of foragers visiting pod trialswwacounted by following [15] technique (Table 1).

Table 1. Categorizing ant colony based on (Khoo & Way, 1991)

score  population Number of ant observed on thetree
1 Light Lesser than 50 colonies seen in branchstem. None of nest tunnel built
2 Moderate from 50 to 200 ant colonies observedimitidl nest built
3 Many from 200 to 500 ant colonies seen in braarmdhstem and nest developed
4 Abundance  Over 500 ant colonies seen and colbtieetree

Testing trials on mass scale would be conductet@oa farm incurring severe PBPD chosen in the peoject.
RESULTSAND DISCUSSION

Testing plant extracts, seraiwangi (citronella) and husk cashew (CNSL), in vitro to control the growth of

hyphae

Plant extracts obtained from seraiwangi and hustashew had an inhibitor effect of developing digsegymptom
that the effect varied based on concentration. ds wvidenced that these treatments were capabiehabiting
symptom development. It was seen in cashew huslaaxthat the greatest concentration impactingeiduce
symptom development was in 5% and 10%, followeddénaiwaingi extract similar concentration to casknsk.
Comparing to however the control, all treatmenteaéd to reduce the disease incidence (Table 2).
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Table 2. Diameter of lesion effused in pod surface caused by P. palmivora after spray of citronellaand CNSL in different concentration

Plant extract Concentration (%) Diameter of colomy()
Citronella (seraiwangi) 1 48.1°
5 39.2°
10 37.7°¢
CNSL (mente) 1 52.6°
5 35.6°
10 33.6°
None of extract (control 0 64.6°

Note: number in the same column followed by santdsaie non-significant difference on 5% level ok&yis test.

By in vitro test, optimal inhibitors from serawarajid cashew husk extracted showed that using 10#eatration
of serawangi was greater restriction to 37.7 mmu@édo 3.77 cm) disease development and followeddyin
cashew husk was 33.6 mm (3.36 cm). It is assumadthiose plant extracts are potentially to be dmped as
friendly environmentally pesticide formulation. Idoking at the biochemical compounds in serewangiaeted,
there arecitronellal and linalool as well as &ginen 3 pinenand methoneindicating as the greater anti-fungi.
Geraniol, citral andterpenecontained in this plant extract moderately hanjfh&f. By concentration of 75 ppm,
citronella (seraiwangi extracted) is capable ofdpiging inhibitor about 76% of PBPD development abdut 83%
of mass filamentous pathogen was declined. Howerare its concentration was increased to 1,000 fy@ttion
of citronella substance killed pathogen myceliumxtfrermore, another fraction compound from serawadgtile
with 0.1 mL dosage combined with 0.075 mL per dicitronella are capable of limiting 100% of myiceh or
nothing hyphae diameter is investigated [20]. [thtedd that citronella can limit to 71.2% Bf oxysporumnf. sp.
lycopersici

By testing plant extract made from cashew huskag a promisingly biocontrol due mainly to chemicainpound

as anti-microbes.[9] pointed out the&rdol and anacardat acidbenefit as antiseptic compound and when was
hydrogenatedcardol can be utilized as drug and chemical formulatibhe husk of cashew mainly contains of
CNSL namely Cashew Nut Shell Liquid including 708hacardat acigd 20-25% cardol which benefit for
insecticide, bactericide and fungicide [14]. Snaatiount of cardol and cardolmetil fraction remaingtd utilizes

as antimicrobials [24].

Testing of CNSL and citronellain reducing PBPD pathogen in thefield
Likely to in vitro test in the Lab, testing CNSLACNSL in field against to disease incidence of PRRused by
P. palmivorashowed (Table 2) showed more significant redugeatfiogen than control as following;

Table 3. The average of disease incidence caused by P. palmivora after spray of CNSL and citronellain different concentration

Plant extract/ concentratior Observation (week)/score
(%) i ii iii iv \Y Vi Vii viii ix X
1 |05] 075 079 2.0 2.5 2.5 2.6 25 2715 825
Citronella (seraiwangi}) 5 | 0.5| 0.75| 0.7§ 1.7% 176 2.0 20 2f5 45 35
10| 05| 0.75] 1.2 2.0 2Q 225 235 2[/5 2[75 275
1 /00| 05| 075 1.0 2.0 2.5 25 275 3p5 B.25
CNSL (mente) 500 00 00] 029 025 025 025 0p5 025 9.25
10| 00| 025 05| 07% 076 1p 125 2|5 275 2.75
Control 0| 10/ 10| 073 275 275 275 30 3]25 37580°

Note: number in the same column followed by santdsaie non-significant difference on 5% level ok&yis test.

Score Pod damage level (%)

0 healthy pod

1 range of lesion effused from 0O to 25,
2 range of lesion effused from 25 to 50,
3 range of lesioneffuse from 50 to 75,
4 whole pod surface covered by lesion

Regarding the average of disease incidence ini¢leelfy different CNSL and citronella concentratiitrwas stated
that even though low level concentration (5%) wiaery all trialshad more considerable impact oruoialy disease
incidence than control. The lowest disease incidesfcdPBPD was in 5% CNSL concentration, 0.25 disesgore,
equaled to 6.25% pod damage, followed by 10% cdration of CNSL and citronella with 68.75% pod dama
respectively. The control showed the greatest sobdésease incidence during the study, posing 1p0%damage
(mummification). The greatest impact of 5% CNSL @emiration was causezhrdol and cardanol compounds in
CNSL oil are a group of natural polyphenols thaispn to growth ofP. palmivorahyphae. [14] pointed out that
CNSL substance can be used as insecticide, badtesnd fungicides. The causes of toxicity in palypol group is
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the impact of lysis on membrane cell and proteiorabies by unspecific mechanism known as antimiatelj25].

[9] emphasized that onaeardol compound andnacardat acidare hydrogenated, it can be generated drug and
formulation for pesticide. Similarly, CNSL producdyy cashew husk extracted can be utilized as iicsget
bactericide and fungicide [14].

Testing plant extracts fermented in the field mixed with food bait for the disease vector
The trend of ant population scotgdomyrmex cordatugs PBPD vector, in control (trial) increased asklled of
the end of study (Table 4).

Table 4.The average of ant population, |. cordatus as PBPD vector, after feeding bait mixed with fermented from sirsak (A. muricata)
nimba (A. indica A. Juss) and mente husk (A. occidentale) producing CNSL

Plant extract/Concentratiop Observation (week)/ ant population
(%) i ii iii iv % Vi Vii viii [ X
20 | 3.75| 3.75| 3.75 3.0 3.( 3.0 3.0 3|0 3.0 3.0
Sirsak 30 | 40| 40| 40| 325 32p 325 325 3p5 325 3.25
(A. muricata) 40 | 3.75| 3.75 3.7 27% 275 275 2[5 2{75 275527
50 | 3.75| 3.75| 3.7 3.0 3. 30 3p 2p5 2715 275
20 4.0 4.0 40| 379 37p 3745 375 35 3|75 3.50
Nimba 30 4.0 4.0 40| 379 37p 3745 3.5 3|5 3|75 3.50
(A. indicg 40 | 40| 40| 40| 379 37p 375 375 35 375 350
50 | 3.75| 3.75 378 37 375 375 3F5 375 375035
1 35| 350] 350 350 35p 350 35 350 3|50 3.50
Mente 5 3.75| 375 375 37% 37 345 3/5 350 350 3.50
(A. occidentalg 10 | 350 3.25 325 325 325 325 3|0 3.0 30 275
20 | 2.75| 275| 27§ 27% 250 250 20 20 1475 150
Control 0 4.0 4.0 4.0 4.0 4.( 4.0 4.0 410 40 3.75

The ant population tended to fall after four weekservation in the extraction of sirsak and nimdranented (Table
4). The average of ant population in these plantaeis was lower than in average of population amtl.
Meanwhile, in the trial of cashew husk (CNSL) in92@oncentration, the average relatively levellecse¥eral
weeks at the beginning but then the populationavaignificant fall from about 200 colony (in sc@}in particular
the seventh observation to below 200 colony (s&édsg in the end. In contrast, the highest ant patparh was seen
in control with score 3.75 (more than 500 coloryptighout the study.

Furthermore, a slight effect in reducing ant popafawas seen at the trial of 40% concentratiosiisak. It is
believed that seeds of sirsak (A. muricata) exéeind dissolved on the solution consists of abb¥é fat, annonin
and resin, that work for insects due to contact stndhach poisons. Annonin and resin substancesaaésused to
control Aphids fabae, Aaedes aegatidBrevicoryne brassicaf]. Insecticide derived from seeds of sirsak tteat
kill insect larvae and adults and also cease feedativities of insect pests (antifeedants) as agltepellents. The
natural substance in sirsak leaves can controbphteran grasshoppers [14]. The natural substdnoescashew
husk, the CNSL was capable of pressing ant populaid about 200 colonies. Cardanol substance iISICN
functions as insecticide and additive compounatmfilate pesticide [9].

CONCLUSION

Testing symptomatic disease on pods with growinthggen into specific media (V-8 media) and micrgsco
assessment showed that the cause of lesion effugedP. palmivoraalone. In vitro test, CNSL obtained from
cashew husk extraction was greater restrictionroiving hyphae caused by PBPD in 5% and 10% coredtéor
than citronella concentration (seraiwangi extractédterms of capable of pathogen hyphae regricitn the field,
seraiwangi and cashew husk extracted trials shdhatd5% CNSL concentration (cashew husk extractedjved
the lowest growth of hyphae (0.25 score equale®l26% damaging pods), followed by 10% CNSL andoigtla
concentration impacting to 2.75 score of growinghmee, similar to 68.75% pod damage. There wasntpagt of
food bait trials against ant vector PBPD showed@8% CNSL concentration, pressing to lower ant pafparh in
1.50 score (equals to 50 — 200 colony) than otfedst
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