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INTRODUCTION i

BANANA

-the world’s leading fruit crop; the 5th most
important agricultural crop in world trade
(Aurore et al., 2009).

-in the Philippines, banana is a national priority ! \
industry with Davao Region contributing 76% tc“
total production (RDC X1,2005-2010). 5

-the ‘Cavendish’ banana industry is the 2",
biggest dollar earner next to coconut oil.
- generates annual export earnings of PhP 308B.

-employs 330,000 Filipinos
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What causes Fusarium Wilt of
‘Cavendish’ banana?

The disease is caused by the soil-borne fungus
Fusarium oxysporum f. sp. cubense (Foc) TR4

Three types of spores: (a) macrospores; (b) microspores and
(c) chlamydospores - survival spores

- =




Four known races based on pathogenicity
(Waite, 1963)

race 1 —infects ‘Gros Michel’

race 2 - infects Bluggoe; other cooking
bananas

race 3 — attacks Heliconia

race 4 - infects Cavendish and hosts of races 1
and 2

In the Philippines:
» races 1, 2 and 4 affects banana
» Tropical Race 4- the most destructive



" INTRODUCTION

Foc TR4 - Is now a threat to the 400-milliom dollar
banana export industry of the Philippines.

Impacts:
- 600 + hectares damaged in 2013 (DA R-X1)

- damaged 15,507 hectares in Region Xl alone,
particularly in Davao del Norte and Compostela Valley
Province (HVCDP-DA XIl, 2016).
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Balagunan, Sto Tomas Licanan. Davao City

Source: Dr. B. Corcolon




&) CURRENT MANAGEMENT STRATEGIES

Management of Fusarium wilt involves a combination of
disease control strategies, since no single method is fully
effective on its own.

These strategies concentrate on lowering the amount of
inoculum in the field, while enhancing plant vigor and
disease tolerance (Erwin, 1981).

Preventive measures include restriction of the introduction of
disease, early detection of the disease, and effective
guarantine and sanitation methods.

Eradicative measures : burning
Other cultural practices: Fallowing and crop rotation




“% Why Biological Control Against Foc TR4?

and why use resistant varieties?

Various reports had shown the potential of antagonistic
microbes in controlling Fusarium wilt and other diseases
of various crops.

The use of disease-resistant varieties, whenever available,
remains to be the best and the most effective strategy in
the control of plant diseases.

Hence, the use of microbial control agents and resistant
banana somaclones was explored for the management
of Fusarium wilt of ‘Cavendish’ banana.




“1* OBJECTIVES:

» To evaluate and determine the efficacy of commercially available
microbial agents (Trichoderma harzianum, Vesicular-Arbuscular
Mycorrhizae (VAM), and Effective Microorganisms (EM) against
Foc TR4 applied singly and in combination under greenhouse and
field conditions on susceptible Grand Nain;

»To determine their efficacy in combination with Giant
Cavendish Tissue-Cultured Variants (GCTCV) 218 and 219; and

»To develop protocols for the application of effective microbial
control agents on Grand Nain and the resistant somaclones.




“ SIGNIFICANCE OF THE RESEARCH:

|ldentification of effective microbial control
agents and their use in combination with
resistant somaclones can be a potential
component of an integrated disease
management (IDM) strategy against Foc TR4 In

‘Cavendish’ banana especially in heavily
Infested areas.




Effective
icroorganism

Vesicular-Arbuscular
Mycorrhizae (VAM)




VAM

EMAS

Trichoderma

harzianum
-and their

combinations :
Post-planting

application-EMAS &
T. harzianum

Field Planting
(application of
microbial agents)

EMAS
T. harzianum .
-and their combinations Post-planting

in Grand Nain EMAS, T. harzianum
- Single application on

GCTCV 218 & 219.




 RESULTS (Greenhouse Experiment)

Table 1. Percent incidence, % corm with vascular discoloration and severity of infection of
Fusarium wilt on ‘Grand Main' as affected by the application of the microbial

agents under greenhouse condition.

PERCENT % CORM WITH DISEASE
MICROBIAL AGENTS INCIDENCE® VASCULAR INFECTION
- DISEGL?HATI-DH" IH[LEI"
Lintreated, Uninoculated 0.00*= 0.00#= 1.00%=
VAM, wio Foc 0.00# 0.00= 1.00%
EMAS, wio Foc 0.00= 0.00= 1.00#
Trnichoderma harzianum, wio Foc 0.00= 0.00*= 1.00%
Lintreated, Inoculated with Foc 43 33 100007 203"
YAM + Foc 16.67=F a3 33" 2 .44 ==
EMAS + FocC 46 67° 100.00° 298
7. harzianum + Foc 33 337 a6 67" 237"
VAaM + ENMAS + Foc 43 33° a6.20" 258"
VAM + T, harzianum + Foc 40.00° a6.67 "~ 2.87 ="
EMAS + T. harziganum + Foc 40,00 100.00° 262"
VAaM + EMAS + T harzianum + Foc A6 67" 100.00° 293¢
CV (%) = 26.52 4.19 J.25

VAM significantly reduced Fusarium wilt incidence while VAM and T. harzianum applied singly reduced
significantly severity of infection on Grand Nain due to Foc TRA4.







AVERAGE ACROSS
LOCATIONS

%% Disease % Disease
Incidence™ | Reduction

- UNTREATED B5.79 =
29.69 =t

".-"AM + EMAS
AM + T. harzianum
EMAS + T. harzianum
VAM + EMAS + T. harzianum

VAM + T. harzianum significantly reduced Fusarium wilt incidence across locations with 60.33% disease
reduction.




Table 3. Average Fusarium wilt incidence on moderately resistant ‘GCTCV 218.

AVERAGE ACROSS

LOCATIONS
TREATMENTS

% Disease % Disease
Incidence™

LINTREATED GRAMD MAIM

T. harzianum

CV (%) =

e All three microbial agents significantly reduced Fusarium wilt incidence on GCTCV 218 with disease
reductions ranging from 74.86 to 82,57%.

*  Untreated GCTCV 218 reduced disease by 39.78%. a



RESULTS (Field Experiment-GCTCV 219)

Table 4. Average Fusarium wilt incidence on highly resistant ‘GCTCV 219.

AVERAGE ACROSS
TREATMENTS LOCATIONS

%2 Disease %2 Disease

Incidence Reduction
UNTREATED GRAMND MAIM 6570~
UNTREATED GCTCW 218 5.26"7 90.50
wWAM 0.58 "= 9912
ENAS 0.65*= 9901
T. harg@Enum 0.00 = 100.00
CWV (%) = 1260

* All microbial agents significantly reduced Fusarium wilt incidence. Disease

reductions ranged from 99.01-100%.
* Untreated GCTCV 219 reduced disease by 90.50%.



Table 6. Comparative cost of of application of microbial control agents in one hectare

Grand Nain.
Average Yield in . Cost of
o % Aﬂu:.il # net bunch | kg/ha based | Number of Pr:ﬁg}a; at application of
TREATMENT W Survived o od wt (across on # of boxes at 13.5 Dc:ll Ibo MCAs Income minus
Plants sulr:ll-lutrs sites) in survived kgs/box -1 B-dag{}fh:x} (materials and added cost
P kgn= plants™ ' labor)
Control (Untreated) | 6579 34.21 684 13.92 9521 28 703 £130,072.50 0 £130,072.50
VAM 29 690 70.31 1,406 14.18 19937 080 1,476 B272,322.00 £3,000.00 £269,322.00
EMAS 35,980 64.02 1,280 14.39 18419 200 1,364 £251,658.00 #30,542.00 £201,116.00
Inchoderma
harzianum 30.16% 63.84 1,397 15.20 21234 432 1,572 £290,034.00 #34,080.00 £255,954.00
VAM + EMAS 30042 63.96 1,399 14.71 20579 292 1,924 £281,178.00 £53,542.00 B227,636.00
VAM + T . —
- 26108 73.90 1,478 15.34 22672 52 1,679 #309,775.50 £37,080.00 B272,695.50
harzianum
EMAS + T 31.76% 68.24 1,365 15.12 20638.80=0 1,328 £281,916.00 £84,622.00 £197,294.00
harzianum : : ; ' - : 218 e 294
VAM + EMAS + T.
ab

harzianum 3274 67.26 1,345 12.54 20901.30= 1,248 £285, 606.00 £87,622.00 £197,984.00

No. of plants/ha=2,000




ADIe O U Jadl a © 0lrs10]0 all( O U A C C C cl €
.
Yieldin . Cost of
% | Actual # of A;‘;;f:t kg/ha based 'E:‘E;*t’f Prﬁ;ﬁ“t application
TREATMENT % FW | Survived | survived on # of ' of MCAs | Income minus
(across : 125 Dollar/box :
Plants plants itac) ink survived box 8484 E0/box [materials added cost
ﬂf“dﬁ’m B57F | 3421 654 1392 9,521 28 708 £130,07250 o| 107250
;T_;’E"”‘“ BLTCY | 29620 | 602s 1208 1569 1895352° | 1403 853 85750 o| F2B888380
VAM 1654 | 8345 1 659 1637 735 | 203 mm4350|  eao0000| e3mo243s
EMAS 1340° | 2660 1732 1528 26454%° | 1360 #65162000| #394m00| 32213300
Mﬁﬂ% 1147 | 2853 1771 1433 | 25.378.43° | 1879 #4667550 | ®2048000| #326,19500

Number of plants ha=2,000; VAM= F 120/kg at 10g/plen in spitt application applied before planting and basally atplantng: T hazianum

in

composied sawdust or sachet of pure culure at P 8.00/kg or per sachet applied maonthly at 100giplant until hanest; EM -1 at P 8001 EM-1; to

prepar EMAS, use 30 ml EM-1/L of EMAS preparstion and 30 ml molassesil

malasses). Apply 40 ml EMAS/L solution st weekly interval forthe 1stthree months and every two weeks theresfter until hanvest.

wale ( Costofmolassesis P45Vcontainer of 20L. or P22501L




Table 6. Comparative cost of of application of microbial control agents in one hectare

GCTCV 2109.
Yieldin
Actual # Average kgiha . C.DEI.Df
% of net bunch based on# Number of Price/box at 410 | application of
TREATMENT % FW Survived survived wt [across of boxes at U5 Dollarbox MCAs Income minus
Plants sites)in . 135 kgs/box [=F184.50/box) {materials and added cost
plants K survived labar)
g plants
ﬁg;‘;ﬁﬂtaﬂ Grand | g57g9: | 3421 534 1392 | 952128 705 £130,072.50 0| ®130,072.50
Untreated 625° | 9375 1,875 1356 |2542600°| 1883 P347 41350 0| P347.41350
GCTCV 219 ' : ' : 22D, ' 413, 13,
VAM 58 | 99.42 1,088 1391 | 27.653.08° | 2,048 P377,356.00 £3,000.00 | P374,356.00
EMAS 065° | 9935 1,987 1320 | 26228.4° 1942 £35320000 | 3948200 £318,:817.00
EW 0.00° | 10000 | 2000 1324 | 2548000°| 1,951 £361 80450 | ®2508000| ®33672450

Mumber of plants ha=2,000; VAM= P 120/kg at 10g/plan in split applicstion applied before planting and basslly st plantng: T jamiEnum

in

composid sawdust or sachet of pure culiure at P 8.00/g or per sachet applied monthly at 100giplant until harnest; EM -1 at P 8000 EM-1; to

prepar EMAS, use 30 ml EM-1/L of EMAS preparation and 30 ml molassesl wale

molasses). Apply 40 ml EMAS/ L solufipn. ot weekly interval forthe 1stthree months and every two weeks thereafter until hanest.

[ Costofrmolasses s P450Vcontainer of 20L. or P22.500L




" CONCLUSIONS:

Based on the results of the greenhouse experiment, VAM and _
Trichoderma harzianum applied singly as pre-treatment microbial
control agents can reduce incidence and severity of Fusarium wilt on

susceptible Grand Nain due to Foc TRA4.

In field experiments, VAM + T. harzianum and VAM only are potential
microbial control agients against Fusarium wilt in susceptible Grand Nain. For
GCTCV 218 and 219, T. harzianum, EMAS and VAM are potential microbial
control agents. Lowest incidence and highest disease reduction can be

obtained with T. harzianum application.

Based on comparative cost analyses, highest return can be realized with VAM
+ T. harzianum followed by VAM only in susceptible Grand Nain. For
GCTCV 218 and 219, highest return can be realized with VAM application.




“# RECOMMENDATIONS

» Evaluation of different delivery systems to further
enhance efficacy of VAM and T. harzianum and reduce the
cost of T. harzianum application.

» Enhance the efficacy of VAM and T. harzianum by
combining them with growth-promoting organic
formulations/products.

» Validation trial in bigger plots on the use of the best
delivery systems for VAM and Trichoderma harzianum in
Grand Nain and GCTCV 218.

» Use Resistant somaclones in combination with microbial
control agents in heavily infested areas.




"I Literature Cited

Biermann, B., and R. G. Linderman. 1983. Use of vesicular-arbuscular mycorrhizal roots,
intraradical vesicles and extraradical vesicles as inoculum. New Phytol. 95:97-105.

Bureau of Agricultural Research (BAS). 2009. Country STAT Philippines. Quantity and
Value of Agricultural Exports, 1994-2008.

Catska, V. 1994. Interrelationship between vesicular-arbuscular mycorrhiza and
rhizosphere microflora in apple replant disease. Biologia Plant. 36:99-104.

ComTech. 2009. MykoVAM. BioTech Fact Sheet. The Communication and Technology
Utilization Program, BioTech, UPLB, College, Laguna.

Chao, C.P. 2009. Current Status of Banana R&D in Taiwan in Advancing banana

and plantain R&D in Asia and the Pacific. Proceedings of the 61" BAPNET Steering

Committee meeting in Tiruchirapalli, Tamil Nadu, India, 22 — 25 October 2008.

ABMolina, MLJBarona, VGOSinohin, JDGeneroso (eds? 120p De Beer, Z. 1997.

Fusarium tolerance and horticultural characteristics of some FHIA hybrids.

Eanarl]ﬁaAfGrowers Association of South Sfrica Year Book 2. Studio Novell, Sandton,
out rica

Fitter, A. H., and Garbaye, J. 1994. Interactions between mycorrhizal fungi and other soil
microorganisms. Plant Soil 159:123-132.

Garcia-Garrido, J. M., and Ocampo, J. A. 1989. Effect of VA mycorrhizal infection of
tomato on damage caused by Pseudomonas syringae. Soil Biol. Biochem. 21:165-167



http://countrystat.bas.gov.ph/index.asp

% Literature Cited

. HIGA, T. 1994. Effective Microorganism: A new dimension for nature farming.

Washington, D.C., USA.

HIGA, T. and G.N. WIDIDANA. 1991. Changes in the Soil Microflora Induced by Effective
Microorganisms: A new dimension on nature farming. Washington, D.C., USA.

HIGA, T. 1995. Effective microorganisms: Their role in Kyusei Nature Farming and
sustainable agriculture. In J.F. Parr, S.B. Hornick, and M.E. Simpson (ed.) Proceedings of
the Third International Conference on Kyusei Nature Farming. U.S. Department of
Agriculture, Washington, D.C., USA.

Hwang, S.C. 2001. Recent Development of Fusarium R &D of Banana in Taiwan.
Proceedings of the International Workshop on the Banana Fusarium Wilt Disease held at
Genting Highlands Resort, Malaysia 18-20 October 1999. INIBAP pp.52-66.

Hwang, S.C. and Ko, W.H. 2004. Cavendish Banana Cultivars Resistant to Fusarium Wilt
Acquired through Somaclonal Variation in Taiwan. Plant Disease Journal. Volume 88,
Number 6. Pp 580 — 588. DOI: 10.1094/PDIS.2004.88.6.580

Howell, C.R. 2003. Mechanisms employed by Trichoderma species in the biological
control of plant diseases: The history and evolution of current concepts. Plant Disease 87:
1-11.

Jones, D. R. 2006. History of banana breeding. In: Diseases of banana, abaca and enset
(Ed. D. R. Jones). CAB International, Wallingford, UK.

NG, SRR TUUN. B



' Literature Cited

Jones, J.P. and S.S. Woltz. 1967. Fusarium wilt (race 2) of tomato: Effect of lime and micronutrient
soil amendments on disease development. Plant Disease Reporter 51: 645- 648.

Jones, J.P. and S.S. Woltz. 1969. Fusarium wilt (race 2) of tomato: Calcium, pH, and micronutrient
effects on disease development. Plant Disease Reporter 53: 276- 279

Jones, J.P. and S.S. Woltz. 1972. Effect of soil pH and micronutrient amendments on verticillium and
Fusarium wilt of tomato. Plant Disease Reporter 56: 151-153.

Kidane,E. G. and M. D.Laing. 2008. Integrated control of Fusarium wilt ofbanana (Musa

spp.).
Lin, C.S, Ponshinsky, G. and Mauer, M. 1979. An examination of five sampling methods under
random and clustered disease distribution using simulation. Canadian Journal of Plant

Science 59:121-130.

Linderman, R. G. 1994. Role of AM fungi in biocontrol. Pages 1-25 in: Mycorrhizae and Plant Health. F. L. Pfleger
and R. G. Linderman, eds. APS Press, St. Paul, MN.

Marois, J.J. 1990. Biological control of diseases caused by Fusarium oxysporum. In: Ploetz, R.C. (Ed),
Fusarium wilt of banana. APS Press, St Paul, Minnesota, USA, pp.77-81.

Mohammed, et al 2001. Proceedings of the International Workshop on the Banana Fusarium Wilt Disease held at
Genting Highlands Resort, Malaysia, and 18-20 October 1999. INIBAP pp.174-185.

National Academy of Sciences (NAS). 1989. Alternative Agriculture. Committee on the Role of Alternative
Agriculture Farming Methods in Modern Production Agriculture. National Research Council, Board on Agriculture.
National Academy Press, Washington, D.C.,USA. 448 p.



http://www.banana2008.com/

"I ACKNOWLEDGMENT

Department of Science and Technology for funding support
PCAARRD and SMAARRDEC as monitoring bodies

Dr. Agustin B. Molina, Jr. of Bioversity International and
Dr. Avelino D. Raymundo of UPLB as consultants

PPS — SMD and PPS USeP Student Chapter
for the support during the conduct of trainings and seminars

TADECO and Lapanday Foods Corporation
USeP Plant Pathology Major Students

Farmer cooperators




S48 Source of Information:

Panama Project 2: Development of Biological Control Strategies
Against Foc Tropical Race 4 (TR4)

PROGRAM COORDINATOR: DR. LOURDES C. GENERALAO
PROJECT LEADER: BELLY T. DIONIO

PROJECT STAFFS: CECIRLY G. PUIG & ARCELI G. YEBES
URA 1: MARY AMOR G. FIGUEROA

IMPLEMENTING AGENCIES: USEP & BPI-DNCRDPSC
MONITORING AGENCIES: PCAARRD & SMAARRDEC

DURATION: APRIL 1, 2012 TO MARCH 31, 2015 with approved extension
until March 2016.

TOTAL BUDGET: USEP : Php 6, 423, 590.00
BPI-DNCRDPSC : Php 1, 645,736.00

SOQURCE OF FUND : DOST - GIA




