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Abstract: Problem statement: Application of biocontrol agents to the field imepexisting free-cell
forms often results in poor cell viability which lmequently affects their efficacy in suppressing
pathogen development. There is therefore a nedioformulate these biocontrol agents not just to
enhance their field potential, but for easy storafgdivery and application as weR\pproach: In this
study, the bioformulations for a biocontrol baatemni Serratia marcescens, was developed using
bentonite clay as carrier material with various borations of enrichment and additive materials. The
most suitable bioformulation was determined by ssisg the compatibility of the formulative
materials in preserving cell viability during stgea the resulting appearance of the bioformulatioa,
protection confered to cells upon sunlight exposné the efficacy of the formulated cells (with and
without sunlight exposure) in inhibiting the growt the pathogenid¢-usarium oxysporum F. sp.
cubense race 4 (FocR4)Results: Bioformulation benefited the cells when exposedalight (UV
rays). The benefits of bioformulation were attrimlitto the carrier material (bentonite clay) and the
enhancement materials (NFSM and sucrose). Theyecahf-protectant effects as well as providing
nutrient source for the formulated cells. The addditmaterial PABA was observed to have
antimicrobial effect on the formulated cells. Fofative materials however has no impact on the
efficacy of the cells in inhibiting FocR4 as norsficant differences in percentages of FocR4 irtfobi
were observed between bioformulations with and evithexposure to sunligh€onclusion: Present
study observed that incorporation of sucrose irgatBnite (BS) has the most potential for largeescal
testing as it showed good viability and efficacguiés.

Key words: Bentonite, bioformulations, non-fat skimmed millkucsose, sunlight exposure

INTRODUCTION must be protected from these unfavorable conditions
which may diminish their viability and subsequently
The application of many biocontrol agents at theaffect their efficacy towards the pathogens.

glasshouse and field stage is often hampered by the One such approach to ensure the viability of éslls
susceptibility of the viable cells to the unfavdeab to formulate the viable cells using suitable forativie
environmental conditions. As a result, many bioomint material§”. Formulative materials consist of the carrier,
agents only showed impressive control efficacy inenrichment, additive and the active materials (@ab
suppressing the growth of the pathogen at theells), each integrating with one another so thmat t
laboratory stage, or at best, the glasshouse!®ta@mae  active cells derive benefits from this combinatioh
of the main reasons for the failure of biocontrgéats  mixture$™. Since most bioformulation of beneficial
to exhibit efficient control is their poor viabiitin the  isolates are meant for field application, it is eegl
soil, resulting from soils which are too acidic end that the formulative materials used are able tontai
water-logged conditiof§!, or due to the intense cell viability under adverse environmental conditp
competition with the indigenous microflora in theils so that they can persist longer in the soil to bithi
to establish their own niche and existence in thié s resting structures like sclerotia and chlamydosparfe
environment. Therefore, to ensure that the biocbntr the pathogen which are more difficult to eliminate
agents remain viable when introduced into the sodly  controf®.
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In present study, we examined the potential ofthe inoculum. For bioformulations using bentonitayc
combining several formulative materials to protdet and a combination of enrichment materials such as
cells of Serratia marcescens, a bacterium which have NFSM (BN) and sucrose (BS), 15 g each of NFSM and
showed immense potential in managing Fusariunsucrose was incorporated, respectively. PABA was
wilt disease of bananas caused by the fungal pathog added at a rate of 1.5 g for every 180 g of betgoni
Fusarium oxysporum F. sp. cubense race 4 clay, into separately prepared Bentonite (BP), Beite
(FocR4Y* We selected bentonite, a type of with NFSM (BNP) and Bentonite with Sucrose (BSP).
montmorillonite clay as the carrier material; nab-f A bioformulation mixture containing all enrichmeartd
skimmed milk (NFSM) and sucrose as enrichmentadditive materials tested (BNSP) was also prepared
materials; and Para-Aminobenzoic Acid (PABA) as ausing similar compositions. The dough-like bentenit
UV protectant agent. The carrier materials andbased bioformulations were moulded under aseptic
enrichment materials are aimed to protect the activconditions to form coarse granules that were then
cells from temperature changes and desiccalith  evenly spread-out and distributed on several steril
while PABA has a protective role against intense UVdisposable petri dishes for oven-drying (Memmert)
rays from the sunlighf!. Their combination is (30+2°C). After 3 days of drying, the granules were
expected to permit the retention of cell viablfitghus  grind and sieved through a 1.0 mm testing sievee(Co
increasing the effectiveness of the active mat&fial Parmer, WW-59980-05, 16 mesh). The resulting finer
We therefore tested these formulative materials irgranules, now measuring approximately 0.5-1.0 mm in
various combinations and their impact on cell Migbi  granule size, were then stored in 1000 mL glas®tbch
in bioformulations exposed to and without exposiare bottles at room temperature (27+2°C) for subsequent
sunlight (UV rays) was determined. In addition, experiments. In addition to the seven combinatibn o
formulated cells ofS. marcescens were also tested for bioformulations, two controls were also prepareat th
their efficacy in reducing the inoculum of FocR4an were Free-Cell suspension (FC) and bacterial ced-f
laboratory-scale testing and the results repontethis  Bentonite Clay (BC). Free-cell bioformulation was
paper. prepared wusing 180 mL of inoculum susjpens

(15 logo CFU mL™Y). The BC bioformulation was

MATERIALSAND METHODS achieved by mixing 180 g bentonite clay with 180 mL

of sterile deionised water. BC formulation was also
Isolate preparation: The isolateS. marcescens was dried and grind as for previous formulations. Both
previously isolated from roots of wild bananas &atle  control treatments prepared were also stamed
shown ability to promote growth of banana plantits 1000 mL glass Schott bottles at room temperature
and demonstrated initial Fusarium wilt suppression27+2°C) for subsequent experiments.
effect in a field tridt™. This isolate was cultured on
Luria Bertani (LB) Agar (Pronadisa) and incubated f Viability assessment: The viability of formulated
48 h at room temperature (27+2°C) prior to useclS§to S marcescens was assessed and compared to the
cultures were maintained on LB agar slants. Thgdln viability of non-formulated cells (control, FC) to
pathogenFusarium oxysporum F. sp.cubense race 4  determine the effect of formulative materials orl ce
(FocR4) was obtained from Prof Dr. Sariah Meon fromviability. Viability assessment was conducted aergv
University Putra Malaysia as filter-paper cultur@se  monthly interval throughout the 6 months storageople
fungal cultures were re-established on Potato Degtr During each assessment, 1.0 g of the bioformulatias
Agar (Merck) and incubated for 48 h at roomsampled and suspended in 15 mL of sterile deionised
temperature (27+2°C) prior to use. water. A serial dilution was then performed untl*1

dilution times. From each diluted sample, 0.02 mL
Bioformulation of viable cells of S. marcescens: aliguot was pipetted and spread onto LB agar plates
Seven combinations of the bioformulation wereplates were then incubated at room temperature2(Z+
prepared, each comprising of 180 g of bentonitg clafor 2 days. Colonies formed on the LB agar platesew
and inoculated with 180 mL of inoculum suspensionthen enumerated. The procedure was repeated for all
The inoculum suspension was achieved by dislodgingentonite-based bioformulations. For free-cell
bacterial cells from LB agar plates using LB bratid  suspension, the same procedure was repeated,
adjusted with LB broth to 15 lgg CFU mL"*  substituting the bioformulations with 0.50 mL obér
(absorbance value of 1.60 at 540 nm). Forcell suspension. The procedure was also conducted f
bioformulation containing only bentonite clay (B)o  all bioformulations exposed to 6 h of sunlight (axs)
other formulative materials were incorporated excepfor viable cell enumeration.

284



Am. J. Agri. & Bial. i, 4 (4): 283-288, 2009

Efficacy assessment: The efficacy of formulated cells bioformulation increases viability of cells, oursudts

of S marcescens in inhibiting the growth of the indicated that Free-Cell suspension (FC) was thetmo
pathogenic FocR4 was determined by assessing thaiitable for storage of cells after a 6-month pridth
number of FocR4 colonies recovered upon exposure ta mean viable cell count of 5.7 lggEFU mL™ (Fig. 1).

the formulated bacterial cells, as compared to sum  Formulated cells (B, BN, BP, BS, BNP, BSP and
to Free-Cell forms (FC) db. marcescens. Thisinvitro ~ BNSP) on the other hand, produced lower viable cell
assessment was initiated by mixing 1.0 g of thecounts than FC after storage for 6 months at room
bioformulation (or 0.5 mL of free-cell suspensiavih  temperature. Nevertheless, their lower number @iflei
20.0 mL of sterile deionised water in a 50 mL testcell count was not significantly different fromCF
tube. After mixing well, 1.0 mL of FocR4 suspension (Fig. 1). Among the bentonite bioformulations,
(6.5 logo CFU mL™, absorbance value of 0.980 atcombinations with enrichment materials (NFSM,
600 nm) was then inoculated into the mixture. Atomin  sucrose) were more beneficial than the additiveeriat
was also prepared by inoculating 1.0 mL of FocRé in (PABA) as observed from BN and BS, compared to BP
20.0 mL of sterile deionised water. The tubes viBe®  pioformulations, respectively (Fig. 1). Presence of
incubated at room temperature (27+2°C) for 7 daySNFSM and sucrose in BN and BS bioformulations
The number of FocR4 colonies recovered fromproduced relatively higher viable cell count andrave
treatment with each bioformulation was enumeratedyple to sustain cell viability even in bioformutats
using similar procedure as in viability assessmentyjih pPABA (BNP, BSP, BNSP), thus eliminating the
substituting LB agar with PDA supplementedwi pegative influence of PABA (BP) (Fig. 1). The betef

1 g L streptomycin (amResco®) for plating purposesof formulative materials in sustaining cell viatyilivere
selective for FocR4. The percentage of inhibitidn 0 clearly observed when the formulated cells were

FocR4 was calculated as: exposed to sunlight (UV rays). The mean viable cell
counts for all bentonite-based bioformulations @mptc
[(X =Y)/X] x 100 BP) were slightly higher than FC suspension (Fig. 1
Bentonite bioformulations incorporated with NFSM
Where: and sucrose (BN, BS, BNP, BSP, BNSP), were again
X = The CFU mL" of FocR4 in the control tube observed to sustain cell viability better than beite
Y = The CFU mL" of FocR4 treated with formulated pioformulation with the additon of PABA (BP).
cells Comparisons between the viable cell count after

sunlight exposure within the same bioformulatiopety
The procedure was also repeated for allrevealed that five of the eight bioformulationsBP,
bioformulations exposed to 6 h of sunlight to deteée  BS, BNP and BSP bioformulations, were able to mtote
the efficacy of formulated cells in inhibiting Fo4R the cells as the viable cell count after and before
after sunlight exposure. sunlight exposure were not significantly different
(Table 1). Only FC, BN and BNSP bioformulations
Experimental design and statistical analysis. The  recorded statistically different values (Table 1),
experiments were conducted in a complete randomizeihdicating a significant reduction in the number of
design, with duplicates for each viability and edity  viable cells recovered after sunlight exposure caneqh
assessments. Results obtained were analyzed véth tho no sunlight exposure.
SAS program (Statistical Analysis System). The mean
comparison for bioformulations exposed and non-Table 1: T-test comparison to evaluate the sigmficdifference in

- : ) viable cell count of S marcescens recovered from
exposed to sunllght was compared with TUKeyS bioformulations exposed to sunlight and without ligim

Studentized Range Test (H§§). The comparison of exposure
the effect of sunlight exposure within a single Ttest t-value Pr>|t|
bioformulation was compared with T-test(p05). FC 4.09 0.0094*
B 1.20 0.2845
BN 2.71 0.0421*
RESULTS BP 0.10 0.9278
BS 2.46 0.0575
Viability assessment: Active cells of S. marcescens ggg ;-%52 %%}29‘;22
responded differently to the influence of mixtues gycp 087 0.0349*

formulative materials and their subsequent EXPOBUIe % Siatistically different (50.05); Note: FC: free-cell suspension, B:
UV treatment. Contrary to our hypothesis thatbentonite clay, N: non-fat skim milk, S: SucrosePRBA
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Fig. 2: Percentage of FocR4 inhibition bgolate
Fig. 1: Mean viable cell count (lggCFU mL™) for S marcescens in various bioformulations
isolateS. marcescens in various bioformulations compared to control (FC). Open bars-
compared to control (FC). Open bars- bioformulations and FC without sunlight
bioformulations and FC without sunlight exposure; shaded bars-bioformulations and FC
exposure; shaded bars-bioformulations and FC with sunlight exposure. Means with the same
with sunlight exposure. Means with the same letters and same captions are not significantly
letters and same captions are not significantly different (HSDoos). (Note: FC: Free-Cell
different (HSDQues). (Note: FC: Free-Cell suspension; BC: Bacterial Cell-free bentonite
suspension; B: Bentonite clay; N: Non-fat skim clay; B: Bentonite clay, N: Non-fat skim milk;
milk; S: Sucrose; P: PABA) S: Sucrose; P: PABA)
Efficacy amment: Formulated cells _Os_n_]e_‘rce&ms Table 2: T-test comparison to evaluate the siganficdifference in
recorded varying percentages of inhibition towards percentage of inhibition towards FocR4 Bymarcescens
FocR4 with higher percentages recorded by cells from bioformulations exposed to sunlight avithout
bioformulations without exposure to sunlight (FR). sunlight exposure
Cells formulated with the additive material PABARB €St tvalue kel
showed highest efficacy in inhibiting the growth of E(é _8:% g_';ggg
FocR4 followed by BNSP and FC, with 13.38, 8.71 ands 1.76 0.3282
8.45%, respectively (Fig. 2). Bentonite bioformidas BN 3.12 0.1976
with enrichment materials (NFSM, sucrose) were les$P 183 0.3181
effective in inhibiting the growth of FocR4. In facnore 5 p :g:gg g:gg?g
viable cells of FocR4 were recovered from BNPpgsp 2.32 0.2588
bioformulation, suggesting no inhibition occurredtb BNSP 8.91 0.0712

growth stimulation (Fig. 2). The poor inhibitiorviards ~ Note: FC: Free-Cell suspension, B: Bentonite clay, Nniat skim
FocR4 by some bioformulations was more evident afte™k. S: Sucrose; P: PABA
exposure to sunlight for 6 h. Five bioformulatid®s-

BN, BNP, BSP and BNSP, recorded increased growth DISCUSSION
instead of reduction in viable cell count of FocRAese
bioformulations resulted in a 5-10% increase irbMaa Results from our study suggested that the

cell count of FocR4 (Fig. 2). Therefore, among theformulative materials were not particularly benfic
formulated forms of S marcescens, only the when used to bioformulate cells 8f marcescens for
bioformulations BC, BP, BS and FC, were able tohihth storage purposes, but rendered more benefits to the
FocR4 after exposure to sunlight (Fig. 2). Compamss viable cells when they are meant for field apploat
within the same bioformulation type discovered thlht that is with the exposure to sunlight. This wasleut
bioformulations were able to produce similar petagas when the Free-Cell suspension (FC) which produced
of inhibition, regardless of the exposure to suhtlig the highest viable cell count after 6 months ofage,
(Table 2). This suggested that the incorporation ohad significantly reduced viable cell count upon
PABA, did not significantly improve efficacy of exposure to sunlight. This was mainly attributedhe
formulated cells upon exposure to sunlight. Thesgmee absence of the bentonite-clay, NFSM, sucrose and
of NFSM and sucrose were also not particularlyPABA, which individually or collectively, act as UV
beneficial to aid in FocR4 inhibition as their prese in  radiation screens thus protecting the viable @ells
bioformulations BN, BS, BNP, BSP and BNSP, did notBentonite-clay is known for their UV, temperatureda
result in significant differences (Table 2). desiccation protectant effelfs’®. As a result, higher
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cell viability is recovered from bentonite-based compared to FC in both conditions with or without
bioformulations compared to Free-Cell suspensid®) (F sunlight exposure. Therefore, we conclude that the
after exposure to sunlight as cells entrapped ia th higher viability of cells derived from bioformulatis
clay-based carrier material were able to withstandupon sunlight exposure may not necessarily have an
exposure to sunlight. In addition, bentonite clayai advantage in producing better control efficacy. Our
type of montmorillonite clay with the ability to stwb  results in the efficacy assessment also indicdtatthe
large quantities of water resulting in an increase incorporation of NFSM and sucrose into
volume and cation exchange capacity which leads tbioformulations (BN, BS, BNP, BSP and BNSP),
higher cell viability*®. Therefore, we presumed that resulted in the increase of FocR4 viable cellseiagtof
when the inoculum suspension was introduced irgo than inhibition. This clearly showed that NFSM and
bentonite clay, most of the viable cells in thesucrose rendered benefits to b&hmarcescens and
suspension were efficiently absorbed, the bacteriaFocR4. Similarly, PABA also exhibited antimicrobial
metabolic activity enhanced and protected from UV,effect to both isolates. This highlighted the intpoce
resulting in the higher cell viabilities recoverédm  of careful evaluation of the use of enhancement and
bentonite-based formulations compared to FC afteadditive materials as part of the bioformulationtlaey
sunlight exposure. Contrary, the strong sorptidimidyf do not discern between rendering benefits to either
of the cells to the bentonite-clay may have redulie  beneficial isolate or to the pathogen.
the poor release of cells when resuspended inlesteri
distilled water during the enumeration exerciseisTh CONCLUSION
probably explains the slightly lower recovery raife
viable cells from bentonite-based bioformulations
compared to FC after storage at room temperature.
The additon of NFSM and sucrose into
bioformulations developed in this study also cdmtred
to the increase in the viability & marcescens, for both

To conclude, our study showed that formulative
materials used in the bioformulation 8f marcescens
have a significant impact in improving cell viabjli
compared to FC after sunlight exposure. This corfir
the objective of bioformulating active cells of leéinial
. . X . isolates for various applications in the fiéldas in
conditions with and without sunlight exposure. Ce”formulated forms: a certain number of viable cell

viability ‘was maintained as NFSM and  sucrosej,,q,jym s retained for control expression destiite
provided necessary nutrients especially carboncsour || o orable environmental conditions. Our
to support cell growtfl. In" conditions when the histormulations here indicated that bentonite-based
bioformulations were exposed to sunlight, NFSM piotormuylation with sucrose (BS) can produce baibdy
function as a suitable rehydration medium for theviability and efficacy results, even after expostoce
formulated cells upon contact with waterSucrose on sunlightt PABA was determined as an unsuitable
the other hand, conveyed UV protectant effect ingc  additive material despite its UV protectant claiarsd

as the osmoprotectant agent and preventing Sevefg recommended for omission from future bioformiolat
desiccation of cells upon sunlight exposufe Our  studies. We highly recommend the bioformulation of
results also report that the incorporation of PABR S marcescens for both storage and field purposes
the bioformulations did not yield the expected tssof  considering their eventual application to the field

better cell viability after sunlight exposure. Adtigh
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