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6. OVERALL AIM AND SPECIFIC OBJECTIVES: 

The overall aim of the project was to study the biological 

control of bacterial spoLt of' tomato (Xantlhomonas campestris pv. 

vesicatoria), bacterial blight or angular spot of cotton (X. 

campestris pv. malvacearum) and bacterial pustule of soybean 

(X. campestris pv. glyeines) (Figs. 1, 2, and 3), three of the 
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Fig. 1. Bacterial pustule of soybean caused by Xanthomonas 
campestris pv. glycines. 
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Fig. 2. Bacterial spot of tomato caused by Xanthomonas 
campestris pv. vesicatoria. 
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Fig. 3. Bacterial blight on angular spot of cotton caused 
by Xanthomonas campestris pv. malvacearum. 
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most destructive seed-borne bacterial diseases in the humid 

tropics, with bacteriocin producer strains. Its specific objectives 

were to (1) isolate avirulent mutants of bacteriocin producer 

strains (AVBPS) of X. campestris pv. vesicatoria, pv. malva­

cearum, and pv. glycines; (2) evaluate in the greenhouse and/or 

in the field the biocontrol efficacy of these AVBPS and (3) study 

the possible limitations of the AVBPS as biocontrol agents. 

7. 	 RELEVANCE TO DEVELOPMENT 

In less developed countries (LDC) particularly in the humid 

tropics bacterial diseases of plants cause tremendous crop losses 

because resistant varieties which offer the best control measures 

for these diseases are practically non-existent in these countries 

for lack of disease resistance breeding programs specifically 

design for them. Besides, disease resistance breeding programs 

are long and expensive processes and seldom if ever less
 

developed countries 
are able to support much less sustain these 

activities. Some pesticides (some antibiotics and copper-based 

fungicides) which can be used to control bacterial diseases are 

all imported by less developed countries and are seldom if ever 

used by farmers in these countries; majority of these farmers 

are subsistence farmers and, therefore, they can not afford 

expensive inputs in their crop farming.
 

Antibiotics are commonly 
used in the United States in plant 

bacterial disease control but it is the only country in the western 

world that allows the same antibiotics for human and plant 	disease 
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control. This practice, however, is not likely to continue 

because of the recognition by both the scientific community and 

environmental regulatory agencies of the destructive effects of 

antibiotics on the ecosystems. 

The use of avirulent bacteriocin producer strains which are 

highly specific biocontrol agents offers an innovative and a cheap 

alternative to the expensive and often ecologically destructive 

pesticides or difficult to arrive at resistant varieties for the 

control of bacterial diseases of plants. 

Low input technology that will minimize crop losses due to 

seed-bcrne bacterial diseases such as the use of avirulent
 

bacteriocin producer strains certainly if 
 proven effective will 

be a welcome development in crop farming in many less developed 

countries where crop plants are continously damage or threaten 

by destructive bacterial diseases. 

8. INNOVATIVE ASPECTS 

The only bacteriocin producer strain which is now used
 

commercially 
 for controlling a bacterial disease is a non-pathogenic 

strain ofAgrobacterium radiobacter (strain K84). This strain 

selectively controls most pathogenic soil-borne Agrobacteria 

(Agrobacterium tumefaciens) that cause crown gall on stone 

fruits. Pre-plant dip treatment of cuttings or roots of young 

plants in A. radiobacter strain 1K84 suspension to control crown 

gall is now commercially practiced in Australia, New Zealand, 

Italy, South Africa, and the USA (1). 
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The use of bacteriocin producer sirains as biocontrol agents 

for bacterial diseases of plants has distinct advantages over 

pesticides (some antibiotics and copper containing inorganic 

compounds) that are used for controlling these diseases. Firstly, 

while the phytobactericidal pesticides are non-specific in their 

actions, killing both harmful and beneficial organisms, the 

bacteriocin producer strains are highly specific in their actions; 

the bacteriocins they produce kill only their closely related strain 

or species (i. e. usually only the target virulent bacterial pathogen 

strain). Secondly, the bacteriocin producer strain for biocontrol 

purposes normally is a non-virulent strain of the bacterial pathogen 

and, therefore, it could exist in the same ecological niche as its 

wild type-disease causing virulent strain relative; theoretically, 

the non-virulent bacteriocin producer strain can continuously 

guard the plant against the wild type-disease causing virulent 

strain. Thirdly, biocontrol of seedborne bacterial diseases by 

seed treatment with non-virulent bacteriocin producer strain, if 

it works, would be an inexpensive, low level technology which 

could be easily adopted by farmers in less developed countries. 

9. BACKGROUND AND RATIONALE 

Bacteriocins are non-replicating bactericidal, protein­

containing substances produced by bacteria that kill other strains 

of the bacteriocin producer or its closely related species (2).
 

Many bacteria including plant pathogens 
 of the genera Agrobacterium, 

Conynebacterium, Erwinia, Pseudomonas, and Xanthomonas are 
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known to have bacteriocin producer strains (see Ref. 3, 4, 

5, 6). 

Phytopathogenic bacteria produce a diverse array of bacte­

riocins ranging from low molecular weight trypsin-sensitive, 

thermostable bacteriocins to heat-sensitive or trypsin-resistant 

or both high molecular weight bacteriocins that may even resemble 

bacteriophage components (3, 7). Many of these bacteriocins,
 

however, remain to be characterized.
 

To date, there is no uniform system of naming bacteriocins
 

(8). The most commonly used method is to use the root of the 

species plus "cin" followed by a strain designation which is 

usually a number. For example, the bacteriocin produced by 

Pseudomnnas syringae pv. syringae strain 4A is called 

syringacin 4A. 

Bacteriocins are heterogenous compounds and as expected 

they have several modes of action. They require specific receptor 

site on the I)acterial cell wall or an attachment site in the outer 

membrane. A site independent of specific attachment site is 

believed to be also involved in the adsorption process indicating 

that two stages are needed in the adsorption phase of the bacte­

riocin by the cell prior to killing. Most bacteriocins affect 

protein syntthesis, DNA synthesis, energy flux, or membrane 

integrity (8). 

Of the several bacteriocins produced by phytopathogenic 

bacteria only the modes of action of Agrocin 84 (from Agro­

bacterium radiobacter K84) and Carotovoricin (from Erwinia 
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carotovora) have been studied. Agrocin 84 specifically inhibits 

DNA synthesis (9) while Carotovoricin has phospholipase activity 

that affects cytoplasmic membrane integrity (10). 

Bacteriocin production may be controlled by plasmids as in 

the case of Agrocin 84 (11) or chromosomal genes in the caseas 

of some bacteria (8).
 

Non-pathogenic or non-virulent bacteriocin 
producer strains 

have been demonstrated both experimentally and commercially 

to effectively control certain bacterial diseases. A non-pathogenic 

bacteriocin-producing strain of Agrobacterium radiobacter 

(strain K84) has been demonstrated to control grown gall of 

peaches (12, 13, 14), cherries (12, 15, 17), pecan (18), and 

rose (19). This strain is now used commercially in the biological 

control of crown gall of stone fruits in Australia, Italy, New
 

Zealand, South Africa and in the 
USA (1). 

Other successful experiments on control of bacterial diseases 

with bacteriocin producer strains include control of bacterial 

wilt of tobacco (20), tomato canker (21), and fire blight of apples 

(22). Purified and crude bacteriocin preparations have also been 

demonstrated to have prophylactic effectiveness against certain 

bacterial diseases (3, 23). 

The greatest potentials of bacteriocins as biocontrol agents, 

however, are on seed-borne bacterial diseases (24) (e.g. bacterial 

blight of cotton caused by Xanthomonas campestris pv. malvacearum 

bacterial spot of tomato caused by X. campestris pv. vesicatoria. 

bacterial pustule of soybean caused by X. campestris pv. glycines). 
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In the humid tropics, the pathogens of these diseases can not 

survive between cropping seasons in the soil or plant debris in 

the soil and seldom if ever have alternate host plants in the field. 

They survive between planting seasons mainly in contaminated 

or infected seeds. are carried or on the seedsThey in and, 

therefore, spread and develop foci of infections primarily through 

these planting materials. Seed treatment with the bacteriocin 

producer will ensure contact of bacteriocin with the pathogen 

during the early phases of infection and thus it will prevent the 

disease cycle to start. As a supplementary and prophylactic 

treatment the bacteriocin producer strain may be sprayed on 

germinating seeds or developing seedling to eradicate pathogen 

propagules that may have survived seed treatment. The bacteriocir 

producer exists in the same ecological niche as its target pathogen 

and, therefore, theoretically, it car, continuously guard the plant 

from the latter. 

The prospects of using bacteriocin producer strains for 

controlling seed-borne bacterial plant pathogens have not been 

critically explored. Hence, this study. 

10. PROJECT PRESENTATION 

For purposes of clarity of presentation and to emphasize 

the systematic approach used in pursuing the objectives of the 

project, the various studies in the project are presented in
 

5 parts as follows:
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PART I - Isolation of wild type bacteriocin producing strains 

of Xanthomonas campestris pv. glycines, pv. 

vesicatoria, and pv. malvacearum 

PART II - Isolation of avirulent bacteriocin producer mutants 

of virulent wild type bacteriocin producer strains 

of Xanthomonas campestris pv. glycines, pv. 

vesicatoria, and pv. malvacearum 

PART III - Biological control of bacterial pustule of soybean, 

angular spot of cotton, and bacterial spot of 

tomato by seed treatment with avirulent bacteriocUn 

producer strains of their respective causal bacteria 

PART IV - Survival of avirulent bacteriocin producer strains 

of Xanthomonas campestris pv. i1ycines, pv. 

vesicatoria, and pv. malvacearum on seed and 

leaf surfaces 

PART V - Effects of seed treatment and soil fungicides and 

insecticides on avirulent bacteriocin producer 

strains of Xanthomonas campestris pv. glycines, 

pv. vesicatoria, and pv. malvacearum 
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PART I 

ISOLATION OF WILD TYPE BACTERIOCIN PRODUCING STRAINS OFXANTHOMONAS CAMPESTRIS PV. GLYCINES, PV. VESICATORIA, 
AND PV. MALVACEARUM 

INTRODUCTION 

The specific objectives of this first part of the project were to 

(1) isolate virulent wild type strains of X. campestris pv. glycines, pv. 

vesicatoria, and pv. malvacearum, (2) determine the frequency of
 

bacteriocin producing strains among the isolates, and (3) identify wild
 

type bacteriocin producing strains for induction and isolation of avirulent 

bacteriocin producing strains for the biocontrol studies. 

MATERIALS AND METHODS 

Sources and isolations of virulent wild type strains 

Fresh diseased specimens of soybean bacterial pustule, tomato 

bacterial spot, and cotton 'angular spot were collected from the market 

(in case of tomato fruits) and fields in different parts of the Philippines. 

All isolations were made at the Department of Plant Pathology, UPLB. 

Modified SB medium (5 g peptone; 5 g sucrose; 1 g sodium glutamate; 

5 g yeast extract; 16 g agar: 1 L dist. water) or peptone sucrose Lgar 

(PSA) (10 g peptone; 10 g sucrose, 1 g sodium glutamate: 10 g agar 

(Oxoid No. 3); 1 L dist. water, pH 7. 0) were used in isolation works. 

If immediate isolation from fresh specimens was not possible, tissues 

from advancing margins of young lesions were cut out and kept in vials 
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containing 2 ml sterile distilled water or phosphate buffer saline
 

solutions. Isolations were made from the 
resulting suspensions.
 

Cultures were purified by repeated agar streaking and isolating of
 

single colony isolates. Incubations were made at room temperature. 

Pathogenicity tests 

Forty-eight hr-old PSA slant cultures of Xcg or Xcv or Xcm 

suspended in sterile water (10 mIl/slant; approx. 1 x 108 cfu/,ml) were 

used in inoculations. About 3-week old tomato (C-132 cv); cotton
 

(Deltapine 16 cv), 
 and soybean (13PI Sy 4 or UPL Sy2 cvs) seedlings
 

raised in baked 
soils were lightly dusted with carborunduIn dust then
 

inoculated b-y swabbing the leaves with cotton bud 
previously dipped in
 

the inoculum suspension (Fig. 4 and 5). Control plants were swabbed
 

similarly with sterile water alone. The plants were covered with plastic 

bags for 2 days and observed for symptoms in the greenhouse. All 

plants received standard fertilizer and pesticide treatments. 

Maintenance of cultures 

Pure cultures were maintained as suspensions in sterile distilled 

water (pH 7) at 10 0 C or in skimmed milk (medium (100 g skimmed milk; 

1.5 g sodium glutamate; 1 L dist. water) in a refrigerator freezer until 

further used. Cultures for routine used were grown on PSA. 

Isolation of virulent wild type bacteriocin producer strains (WBPS) 

Forty-eight hr-old PSA cultures of the wild type strains were 

spot inoculated on fresh PSA plates individually or by using an 

improvised manual spot inoculator . After 48 hrs incubation 
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Fig. 4. Dusting carborundum on lower soybean leaf surface. 

Fig. 5. Inoculating soybean leaf dusted with carborundum 
using a cotton bud swab previously dipped into 
bacterial suspension. 
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the culture plate (bottom plate) was inverted on another bottom plate 

containing 2 ml chloroform. The colonies were exposed to chloroform
 

fumes for 1 hr, after which the cover 
plate of the culture was replaced
 

par'ially open, to allow the chloroform to evaporate for another hour.
 

The cultures were then overlaid with 4 ml of 0. 
 7% molten water agar 

(about 42 0 C) seeded with 0.5 ml of 48-hr old test indicator strain 

(approx I x 10 
7 

cfu/ml). The plates were incubated at room temperature 

and diameter of zones of growth inhibition of the indicator isolate (i. e. 

the isolate in the water agar overlay) by the bacteriocins produced by 

the producer isolates (i.e. the isolates spot inoculated on PSA plates 

and treated with chloroform) were recorded after 24 hrs. All tests for 

ability of isolates to produce bacteriocins as required in the succeeding 

studies followed these agar overlay technique on chloroform treated 

colonies. 

RESULTS AND DISCUSSION 

Sources and isolations of virulent wild type strains 

The survey of tomato bacterial spot, cotton bacterial blight and 

soybean bacterial puc ule was conducted from August 1986 to January 

1987. Two hundred eighty nine strain of putative Xanthomonas campestris 

were isolated from soybean, tomato and cotton from 50 municipalities/ 

cities in 18 provinces of the Philippines (Table 1); Based on colony 

morphology and pathogenicity tests, 95 isolates from soybean were 

identified as X. campestris pv. glycines (Xcg), 147 from tomato as 

X. campestris pv. vesicatoria (Xcv), and 22 from cotton as X. campestris 
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Table 1. Places where specimens of soybean bacterial pustule,
 
tomato bacLerial spot and cotton bacterial blight or 
angular spot were collected. 

Province Municipality/City
 

Laguna Calamba, Los Banos, Alaminos, San Pablo City, 
San Pedro, Binan 

South Cotabato Tupi, Tampacan, Polomolok, Gen. Santos City 

Cavite Indang, Carmona, Bncoor 

Bukidnon HusuaV 

Agusan del Stir Tagmamarkay, Bayugan 

Agusan del Norte Butjian, Cabadbaran, Jabonga, Antlkula, 
Santiago 

Davao del Sur Bago Oshiro, Davao City 

Batangas Lipa City, Tanauan 

Misamis OrienLal Balingon, Bun.no,
de Oro City 

Claveria, Balingasag, Cagayan 

Caplz Roxas City
 

Iloilo Jaro, Alimodian, Cabatuan, Pavia 

Ilocos Sur San Juan, Vigan 

Ilocos Norte Marcos 

Tarlac Gerona 

Bulacan San Ui.gue]l 

Nueva Ecija Munoz, Sta. Rosa, Talugtog, Talavern, Capan,
 
Palayan, Cabanatuan City, Guimba 

Leyte Ormoc 

Negros Occi­
dental La Carlota City 
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pv. malvacearum as (Xcm) (Table 2). The distribution of these
 

isolates are shown in Figure 6.
 

Isolation of virulent wild type bacteriocin producer strains (WBPS) 

A total of 204 isolates were evaluated for bacteriocin production.
 

All Xcg, Xcv and Xcm isolates were tested as producer strains
 

respectively, against all Xcg, 
 Xcrn and Xcv isolates as indicator 

strains. 

Forty six out of 96 Xcg strains produced bacteriocins(Fig. 7). Two 

strains (Xcg 11 and Xcg 38) were very potent producing larger inhibition 

zones and inhibiting a wider range of Xcg indicator strains compared 

with that of other Xcg producer strains. Another isolate (Xcg 103) 

also produced large inhibition zones but had a narrow spectrum of
 

activity (Table 3). 
 Some of the Xcv and Xcm strains used as indicator 

isolates were also sensitive to 9 Xcg producer strains particularly to 

Xcg 11 and Xcg 38 (Table 4). 

Nine Xcv producer strains were detected from 147 test strains 

147 Xcv isolates. Only one strain, Xcv 42, however, was highly 

active producing larger inhibition zones and inhibiting 56 Xcv indicator 

strains (Table 5). Six Xcg and 6 Xcm indicator strains were also 

sensitive to Xcv 42 producer strain (Table 6). 

In Xcm, 10 out of 22 test strains were bacteriocin producers but 

these were active only against 2 Xcm indicator strains (Table 7). The 

Xcm producer isolates also had a wider range of activity against Xcv 

indicator strains than Xcm indicator strains (Table 8). 

The bacteriocin assay data suggest that bacteriocin producer 

strains are more common in Xcg (46/96 or 48%) (Table 3) than in 
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Table 2. 	 Pathogenic isolates of Xanthomonns carmpestris pv. 
glycines (Xcg), '7. campestris pv. vesicatoria (Xcv) 
and X. campestris pv. malvacearum (Xcm) collected
 
from different areas of the Philippines. 

DATE D[,SEAST:DD T DE-T II SOLATECOAE SPECITMFN HOST VARIETY PI,ACE COLLECTED 
CODECOTLECTED 

SOYBEAN 

Xcg 2 8-1-86 Pb-1. Plant Pathology, Greenhouse, 
1J P111 

Xcg 3 8-1-86 tPB Sy 138-28 Plant Pathology, Greenhouse, 
U P L B 

Xcg 5 8-5-86 6001 (WF) BPI, Economic Garden, 
Los Banos, Laguna 

Xcg 6 8-5-86 TK 5 x D)67-0.601 EPI Economic Garden, Los 
Banos, Lagiina 

Xcg 7 8-5-86 SRF 400 X I-114X BPI' Economlc Garden, Los 
Jupiter Banos, Laguna 

Xcg 8 8-5-86 CO () (WP) BPI Economic Garden, Los 
Banos, Laguna 

Xcg 9 8-5-86 TIK 5 X SANKVO BPI Economic. Garden, Los 
(PuS) ianos, Laguna 

Xcgl 0 8-5-86 BPI Var X1 BPI Economic Garden, Los 
Banos, Laguna 

Xcgll 8-5-06 BPI Sy 4 Bi'I Economic Garden, Los 
Banos, Laguna 

Xcg 1 2 8-5-n6 G0089 (DPGP) BPI Economic Garden, Los 
Br.nos, Laguna 

Xcg13 8--5-86 1,1 14 X SRF 307 BPI Economic Garden, Los 
Ilains, Lnguna 

Xcg 1 4  8-5-86 PT 7937 BPI Economlc Garden, Los 
Banos, Laguna 

Xcgl 5 8-5-86 BPI Var X2 BIP1 Economic Garden, Los 
Banos, Laguna 

Xcg1 6 8-5-86 PI 6987 BPT Economic Garden, Los 
Banos, La guna 

XCg 1 7 8-5-86 CC 3026 25-2-18- BPT Economic Garden, Los 
17 Banos, Laguna 

XCg1 . 8-. 3-86 UP 1, Sv 2 B1k 1006, IPB, Tranca 
Co 1. J.e g e 
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Table 2 continued ...
 

ISOATE DATE DISEASED-DAISOLATE 

SPECIMFA HOST VARiETY PLACE COLLECTEDCODE COLIECTET)-_______________ 

XCgl 9 8-13-86 7521-26-2 Blk 1005, TPB, Tranca, 

College 

Xcg 2 0 8-1.3-86 IPB Sy 157-1.4 P.k 205, IPB, Tranca, College 

Xcg 2 1 8-1.3-86 TPB Sy 1.78-10 B1k 1.038, IPB,Tranca, College 

Xcg 2 2 8-13-86 CC 81090-10 Bik 1272, TPB, Tranca, College 

Xcg 2 3 8-13-86 GC 00036-1-37 Blk 1211, IPB, Tranca, College 

Xcg 2 4 8-13-86 TPB Sy 138-28 Blk 1044, iPB, Tranca, College 

Xcg25 8-13-86 TPB Sv 1.52-51 131k 320, TPB, Tranca, College 

Xcg 2 6 8-1.3-86 IPB Sy 178-37 Bk 1175, IPB, Tranca, College 

Xcg 2 8 8-1.3-86 IPB Sy 178-14 B.1k 98, IPP., Tranca, College 

Xcg 2 9 8-13-86 GC 0002-51-2 B1k 17, IPB, ''ranca, College
 

Xcg 3 0 , 
Xcg34 Blk 908, TPB, Tranca, College 

Xcg36, 
Xcg 4 , IPB Sy 178-9 
Xcg 3 7 8-13-86 B-3037 Blk 103, IPB, Tranca, College 

Xcg 3 8 8-13-86 IPB Sy 178-3 Bik 71, [PB, Tranca, College 

Xcg 3 9 8-.13-86 TCX 31.1-lIC Blk 8, IPB, Tranca, College 

Xcg 4 1 8- 1.3-86 TPR Sy 178-13 B1.k 4, TPB, Trance, College 

Xcg 4 3 8-13-80 IPB Sy .178-.19 B1k 1032, IPB, Tranca, College 

Xcg 4 4 8-1.3-86 jP13 Sy 178-J.8 Blk 5, IPB, Tranca, College 

Ycg 4 5 8-] 3-86 TPP Sy 1.78-21 B1k 6, IPB, Trance, College 

Xcg 4 6 8- '3-86 C'GX-888-48-C Blk 10, IPB, Trancs, College 

Xcg 4 77 8-1 3-86 TCX-293-CTE B13k 7, 1P1, Tranca, College 

Xcg4 8 8-13-86 UPL 1.36-J8 Bk 105, TPB, Tracan, College 

Xeg 4 9 8-13-%6 No. 89 11k , IPB, Tranca, College 

Xcg 5 U 8-13-8b EG qy 7:3 BIk 1001, IPB, Trance, College 

Xc? 5 14 10-1.0-86 EG Sy 26 Tupi Seed Farm, South Cotabato 

Xcg 5 5 10-10-86 Sy 4 Tampacan, South Cotabato
 

Xcg 5 6 IU-.0-86 uI1nown 'ampacan, South Cotabato 

Xcg 5 7 
Acg 6 0 1.0-1.0-86 SG 4 Tupi, South Cotabato 
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Table 2 continued.....
 

DATE DISEASED
ISOLATE 
SPECI MEN HOST VARIETYCODE C0 1 , CT1E'D 

Xcg 5 8, 
Xcg 5 9 10-10-86 uukno.,n 

Xcg6 2 , 

Xcg6 3 .0-10-86 unknown 

Xcg 6 4  10-10-86 unknown 

Xcg66 10-4-86 TGX 239-77E 

Xcg 6 7 , 
Xcg 6 9  10-21-86 unknown 

Xcg 6 8  10-29-86 BTP 14 

Xc'Z70, 
Xcg 7 2 , 

Xcg 7 8  10-28-86 unknown 

Xcg, l. 10-28-86 SG 4 

Xcg 7 3 11-1-86 unknown 

XcF-74 , 

Xcg 7 5  1.0-31-86 unknown 

Xcg 7 6 , 
Xcg 7 7  10-31-86 unknown 


Xcg 7 9  10-28-86 unknown 
Xcgs8 1 

XcgF 7 1-21-87 l,". Sy 82-08-18 
Xcg9 8 , 
XCg104 

1.-21 Sy-82-07-1.6Xcg 8 2 LC 
Xcga0, 
.YcFg93,
 

Xcg9 7 ,
 
Xcg100
 

Xcg8 1 LG Sy 82-O83-7
1-21-87 


Xcgg4, 1-21-37 LG Sy-07-8 
Xcg8 5 
Xcg94, 
Xcg 9 5 , 
XC gl09 

PLACE COLLECTED
 

Orla, Filipro, Tupi, South
 
Cotobato
 

Tupi, South Cotabato
 

Polon.olok, South Cotabato
 

SMARC, Kabacan
 

DS'AC, Indang, CaviLe 

CMIT, usunn, Bukidnon 

CMU, Muslian, Bukidnon 

CHI , Musu ai, Bulk idnon 

Tagmamakay, Agusan del Sur 

Cahadbaran, Agusan del Norte
 

Santiago, Agusan del Norte
 

BPI Dalwangan 

BPI, lTa Grinja, La Carlota City 

BPI, La Granja, La Carlota City 

BPI, La GraniJa, La Carlota City
 

BPI, La Granja, La Carlota City
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Table 2 continued ...
 

DATE DISEASED
I SOLATE 
CODE0 SE1EN l"o VARTFTY PLACE COLLECTED
C L LE-("'CObLLE CT ED____________________ 	 _____ 

Xcg 8 6 , 1-21-87 Clark 63 	 BPI, La Granja, La Carlota City 

,Xc F 1 013' 
XCg 1 0 7 

XC-89, 121-8-Y I.G Sy 82-08- I 11IL, La Granjn, ln Carlota City 
X c g96', 

Xcgq9 

Xczg!, ]-2.-b/ LU Sy 82-11-5 	 BPI, La Granjo, La Carlota City 

Xcglu6
 

Ncg 9 2, 1-21-87 ]k 5 	 LL[, La GranJa, La Carlot-t City 

Xcg108
 

X C l -21-8 I, Sy 2-04--J., B[' ., La Lra .]a, La ,2.-rlota City 

X-Cgj 0 5 

xcgii 1-2i-8i LG sy 82-03-9 BIi, La Urania, La Carlota City
0 


1 I0'iA ". 

Xcv 2 8-11-86 1 r.-.k.L 	 L3Pi. conomic Garcen, Los 
Ea!.llos 10;IglIll8
 

8- i-J6 . J O -',3- E," T(r4m.Lr: 2.rOn, Los%, -	 ( 

- :]- IPI harden, 
2-0 Haaniu, Lavuina 

c2 . Cv l1-1-31-	 Economnic 1os 

Xcv, 8-11-86 CL 5 '15- -53 (C)G '1I Lcoaomic Cardcn, Los
 
])4-2 Banos, 1.guria
 

Xcv 6 8-t -8b {; 132 	 Plant Pathology Greenhouse,
 
UP L P
 

"cI V ] n 'atho]cor (,roenhouse, 
UPLB 

T 	 DilIL 

XcvH 9-5-86 unknown 	 Botany Greenhouse, UPLB
 

Xcv9 to 9-5-86 unknown 	 Agronomy, UPLB, Laguna
 

Xcvll
 

Xcvl to2 

1.-12-86 unknown 	 Calamba, Harket , LagunaXcv 1 8  

Xcv1 9 to
 

9-15-86 unknown 	 Carnona, f.vite
Xcv 2 1 


Xcv 2j,
Xcv 2 4 9-]5-86 unknwn 	 San Pedro, Laguna 

http:T(r4m.Lr
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Table 2 continued ... 

ISOLATF 
CODE 

DATE DTUEASED 
SpPC I ENC)L LE CT ED P1OST VA]IETY PLACE COLLECTED 

XCV,: 
Xcv 

5 to 
2 7 9-15-86 unknown Platero, Bi iai, Laguna 

Xcv 2 8 
Xcv3 3 

to 
10-2-86 unknown Aga , Davao City 

X"v34 
Xcv4 0 

to 
10-3-86 unknown llor.. plit, U'.., Kabacan 

Xcv35 10-3-86 tunknown USM Hous ig, Kabacan 

Xcv36 to 
Xcv39 

Xcv /, 

Xcv41 

Xcv3 8 

Xcv 4 2 

Xcv 4 3 

10-i0-86 unknown 

10-.10-86) unknov) 

10-10-86 ,,nknowni 

10-10-86 unknown 

1U-21-8 Bonanza 

Tuph Public Market, South 
Co [a 1) t o 

Cen. Santos City 

Polomook Publ ic Market, 
Gen. Santos City 

Town Markot, Bago Oshiro, 

Davao City 

Ifortanova Farm, Lipa, Batangas 

Xcv44, 
Xcv 49 
Xv52, 
Xcv6 0 10-21-86 unknown Tanaian, Batangas 

Xcv45, 
Xcv46 
Xcv 5 8 , 

1.0-21- 6 unknown DSAC, Indnng, Cavite 

Xcv61 

Xcv47 .10-21-86 n k. nown San P ab lo 

XCv4 8, 1 0-"1-,8 c s s I HoLt ai ii va F'-])'irm, l, ipa, Batangas 

Xcv94,
Xcv97 

12-1.5-86 ,inknowi. Mabut, Marcns, UIocos Norte 

Xcv 108 

Xvv5 0  

Xcv' 1, 

Xcv 6 3 

10-21.-86 

10-21-86 

unknown 

,),nb nown 

Alaminns Mrket, Laguna 

,I.pa, Ea La ngas 

Xcv6. 
Xcv 5 5 .10-20-86 unknown Bacoor, Cayvite 
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Table 2 continued ...
 

DATE DISEASED
ISOLATE 

I1OST VARIETY PLACE COLLECTED
CODE 	 SPEC.IMEN 

COLLECTED 

Xcv 5 6  10-2a-6 v gIobe Ilortan va Farm, Lipa, Batangas 

XCV 57 10-2 -8( i nk 11own Lortanova Farm, Lipa, Batangas 

Xcv 5 9  10-21-86 Cross 2 11orLi:anova Farm, Lipa, Batangas 

Xcv 6 2 1 -2 1-8 Cross 3 lforti nova Farm, Lipa , Batangas 

Xcv 6 4,Xcv6 5 1.0-31 --80b ulikniown Libas, Jabonga , Agusan del NortE 

X:v66,Xcv8 10-1].-86 unknown Ampoyan, Butuan City 
Xcv 91, 
Xcv9 3 

Xc 67 10-31-86 unknown 	 Ba lingon, Hisarmis Oriental 

Xcv 6 8 ,X 00r9 1 1-1-8(, ititknow n 	 Ant ik Ula,Mar(et, Agusan
 
del Norte
 

Xcv 7 1 ,X v73, II -I.-:i ,1known Lumbia, Cagnyan de Oro City
 
Xcv 7 4 ,Xcv 8!4,
 
Xcv ()0
 

Xcv 7 3,Xcv 7 5 , 10-31-86 ,nknown funa o, Ifisannis Oriental
 
Xcv{yq
 

Xcv7(, 1 0-3 -8 unknownn 	 Csbadlharan Market, Agusan
 
("el Norte
 

XCV7 7 ,Xcvs , 10-31.-8l0b ,uknown 	 Claveria, Misamis Oriental 

Xcv 7 8 ,Xrv 8 0  . -1.-lb i'111(nown 	 PujiLod, Cog:yai de Oro City 

Xcv79 .11 -1-86 unknown 	 Carmen, Cagayan de Oro City 

Xcv 8 2  .11-1--86 tnknow 1 	 Antki.iila, Aguisan del Norte 

Xcv 8 3  1 1-1-86 Am, rove Pope CV 	 C lan'ba, Jagun-o. 

Y vc .10-31---8 iunlkinown 	 Balingasag, M.i so mi,; Oriental 

,


()Or11-1II
 

Xcin3 	 Isolate from Deltapine 16
 
IPII Plant TPB, College, Laguna
 
Pahi Doep [.
 

Xcmi ,Xc-M2, 12-6-87 CBR-4 San Juan, Ilocos Sur
 

Xcm/ , e
 

Xcm6,Xcm7 12-6-)7 C 1 -1.	 S-;i .111a11, I I or( s Sir 

Xcm 9 12-10-.,7 DP 6 	 IP', Colleoe , ];la'una 
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:T 1)e 2 con tin ed ..... 

ISOLA.. 
I1!UJJ1' -

JIAII1, t.); I 
I;k 

, 1 ,0,, 
T 

A I,,,].' 
\ % 

PLACE, COLLECTEI) 

Xcill lo : 12-10-,27 imcot 37 IU3, C0] lage' L,Lgu na 
_Xcinl 12-10-37 -;tnin 72 .PB, College, La glta 

Xc Ill 1 2 12- 10-37 1111 l it P11 Co1l fo I L,!? uni. 
-"113 12-10-87 DES I'0-125 1PB, ColI ego, Laguna 

1cm]2- 10-.37 138-It 1 P1!, College, Laguna 

Xc' 16 12-10-37 BC-IOi.7-I0' 1."I*, ColIIege, l~a gun 

SXci11 7 12-10-17 (r .1. 1IPB , rollege , Lagura 

Xcng 12- .0- 7 IKC-1579 1.P B , College, Laguna 

,Crl 1 9  12-1)-87 I 1S 3-29 IPl, Colle,, L guna 

SXncl20 12-6-.7 CI1R-4a San Juan, Ilocos Sur 

X c m2 1 12- 6-8F,7 Un k n ow n San Juan, Ilacos Sur 

Xcm 2 2  1-26-37 unl:nown Tiring, Cabatuan, 

Iloilo City 

Xc., 3 1-2(-8,7 '3ORA Iinal.ud , Alimodian, 
I .loiloCity 

.cr... 1-26-87 UPLC 3 Biinalud, Alinodian, 

10lloio City 

r >:,. 

:',.-

A =-4"­
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Fig. 7. Bacteriocin assay of virulent wild type strains of 
X. campestris pv. g Lcines (Xcg). Colonies with 
inhibition zones are bacteriocin producers. Xcg 
cultures were spot inoculated on PSA plate using 
a mechanical spot inoculator, incubated, treated 
with chloroform fumes, seeded with an indicator 
Xcg strain, incubated and observed for zones of 
inhibition. 
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Table 3. 	 DE'tec tion a,! effi.encx of bact-.riocin producer 
,; ira ;ns f n-r; h ,1P,,nfl . , ,.' f ,f4l t p ; s. 

OFPRODUCER 	 SI)TANETER 
INITITTON

TPAIT'S TOVF.SN	 (FAmT) 

c , "23-25 
V ' ,c 10-16 

,,,. cg ,'C[, 3 AX,*,."5 7 , :cg..., Xcg,3, - °" 1 10 1" " 

" 6 ""7 A' 7 72 
XcglO0 ,cg, I 

1" 1 	 10-16 

r 	 ! 20-30 

°3 c , 1 77; 	 012 
o -09QO0n c 0( , 

A) ' LL;r.r 5 , lg '" gTc'' 	 i 

Xcg 'Q ,, I10 10-16 
:-c g]04,)) X g O ~x 

*-'20'('(, .,-
Xe"T 

,,g, , 1 ' . 7 	 0 1 ' 6'oX ' 	 gg77 1.0-16 

" " t1 ' ) 	 1 
C, i 

;cg 9 ) " g5 
X ~ '7'),t6 

I- g 7, 

g37l ) f gJ-	 (;t, r)r ss 1 s ( 

bY i&c v ,II r(- .. giitgt s o9Lt vu Il onLor :a 1 
)', g,., ,'<''Yc I~o 	 0-1 
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Table 4. Detection oE X, ,ipestiis pv. gI ycines (Xcg)
 
bi,-7 t(C H'ilprr'dn,,'c r stirains "siing the pathovars 
,,sic- oi., (.cv) and ,,alvnce,rum (Xcm) as 
indicator strain. 

PRODICER Sn.-nsi ive In~icator Strains
 
TA1(CV) Total (AXCT) Total
 
(Xcg) 

Xcg 21  	 Xcv 15, 1 none 0 

" 4 4 c4 XC"n 2cm20' 
Xcv 

- 14 Xo"v;I3 ,MvC~~l Xc 10 .'" 

Xcgg cr \.1,, 	 X,:

10 as o1 Xcm 20' 1cm0 

v Xy Xcvo 

,_ 'c ] Xcg.' 5,oXc' ' 6 .	 Xc 1 02' 
IIC11 	 V 15v 

qC 103 * 104i 

Xcg1 1 1:52in 1.5' XCV 7Nov 10n t 

V ,,gl ,"20 ,, 17' 	 1 ' 
Xcv q ,11 174 c 127
-


V ~~XC' c1 0  1 0
Xi v to v'. "6 w(V16' 	 ,7 

., 4 ' .,_ 14 ' A :V7 ,	 9 0 
Ic12 


X ,- , , , ) 2l 

77 ;", to)v t 0t7 
,Xcv43ACVX1 ,.,cvC 1n1to X3 ,,1 / 8 A V14.12V A CV C 

112' 14s ,
7v, e 152'
 
w 

Xcv:,3 ,	 X?[€v6,,Xccv1,X r 14 1 ".' 


X.v 	 C l 
" t.3 8 	 S " Mlo; a p: A hb v " e x c e p t 5 (0 X C l9 t o X cil12 7
 

XVV.Vto , .Ycv!,t8 and XcV 74 
 XCM 31 Xem 4
'
 

N elml]9
 



Table 5. Detection and efficiency of bacteriocin producer
 
strains of Xanthomonar; campestris pv. vesicatoria 
(Xcv) using Xcv indicator strains. 

PRODUCER SE SITIVE I t;)T CAT01 DIAMETER OF 
STRAINS . TRAJ I NSaNII BITIO1NZO.,ES (,aml)b 

Xcv 5 Xcv 5( 	 7.5 
XXc v cv36.0 
CV90 XACV 9 3  	 . 

XCV 137 Xrv34 	 7.0 

Xcv 1 4 5 Xcv 28' Xcv33 	 5.5-6.3
 

Xcv7 7  Xcv	2 3, Xcv 2 8, Xcv 3 6, Xcv 7 1  5.0-7.0
 

Xcv 4 8  Xcv 9 to XCV 1 , , 3 8.0-17.0
 
X 56 k ls 
 v 23 cVXcv,, 1.8 Xcv 


6Xcv C .,vrt:0'Xcv 

XCV 3" vI c 23' 8, 3 3' 21.0-23.3 

5 7(), Xcv , Xcv 95'
 
Xcv 149 , 
Xcv 1 5 4
 

Xcv34 Xcv	 9 to Xcv I II Xcv 1 7, Xcv 8 15.0-24.5
 
-3Xcv33' XXcv 3 , Xcv4 3,
 

X v45 
 -49

Xcv 42 X V1o X v Xcv 16 to Xcv 12.0-26.0
Xcv c
0 1 21'l
 

Xcv 3 Xcvq XCv Xcv
ZJ . ,
cV' Xcv1'

Xcv o Xcv,cv7 Xcv^
 
ACV43 t XC5V4, , Xcv ,
4o XCV1,
c XCV 	 Xcv
Xc , 571 , cv 5 ,8 cv. 46 o 
Xcv 6 3 ' XCV 6 , Xcv to Xcv 7 4, 
XCV XCc8 Xcv '-r
 3 91 
, 1v9 9 , L ,cv Xcv 0C , l LoX cVlo 8 , xc'- 1.~03 Xcv' 16 
Xcv1 3 7, v1 01 L31 12 06'1 
(cv 1.37 14 9, Xcv 144 ' Xcv 1 4 6'
Xcv 
 Xc 1 4 9 , X151 to Xcv 1 5 4. 

aNo of inlica t:or strains tsl:ed 147
 

bRange [ zone; produced org;iinst sensitive indicator strains. 
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Table 6.. 	 Deltertion of Y/. ( rays v e cifoin-p~ (Xcv) 

bacteri.ocln. pindue~er ! t.r-3j 11 luslrlg i:he pLthovjirs 

Staxcins~; ( ~ ) ic i I' 1 e r (Nern) as indica tor 

PRODUCER ClT".1'ITTU17 	 TTNDICATOR STRAIFS
STRAINS (Xcv) (Xcg) (Xcm) 

Xcv4 2 x(,g 59 , Xcg06 
 Xcni9 p Xern10 ,
 

cC, (,'Xr 74Xcm1 
cm 2 

Xc " 7 Xec 	 Xcill
077 	 01019' X20
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Table 7. 	 Dea:ec!ion and 'fficiei,:y of lacteriocin producing
s in!; offlpi. .. ,rO s L_ pv Pmalvacearum 
(X"I) using XcI i,,dicator strains 

PRODUCER 

STRAPNS 	 SF; ITI-VI C DIA"IETE2R O!FSTIATNSIa I NII131 TIONZONES (nm)b 

Xcm1 , M 2 X. 4	 4 , ' 
 8.0-15.0 

5'20' Alfl7 

Xcmr,, , Xcm X'c,, 

Xcmc11 

NO. of in(I i-1: or rtri wi t td: 22
 

11P.angc f tcii,V pro,J,,,... ;, ~iI st 
!3csit v, 	 i dacator strains. 
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Table 8. 	 Detection of '. campestris pv. malvacearum (XcIn) 

bacteriocin producer strain using the pathovar 
vesicatoria (Xcv) as indicator strain.
 

PRODUCER SENSITIVE INDICATOR TOTAL 
STRAINS (Xm) STFAINS (X-v) 

Xcmn3 Xcv 4 	 I 

ycrn4 Xcv49, Xc' Xcv9 3 , 	 41 0 3 , Kcv 1 0  

Xcm 5 XcV 1 1 , Xcv 4 9 , Xcv 1 O3 3 

XCIIIv X' 4 
19 Yl 3' " 12/ 

xcpm V 1 1~ 
1Cm XCv49 1 

Xem Xcv Xcv , X. 7 
15 ,,Cv103 ' X" 1.24 4.9
 

XCP1;c)~ ")9 ()*, Xxv 0 XCcv 
Xemln.,9 .,,kr4 9, Xcv ) 1. X, 107 3 

Xerox, xcm, xcv 	 I 
I 	 I tAc.m 12 
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Xcv (9/147 or 6%) (Table 5). In Xcm, while the frequency of bacteriocin 

producers was high (10/22 or 45%) (Table 7) the bacteriocin activity 

spectra was very narrow (2/22 or 9%). 

The sensitivity of some Xcv and Xcm strains to bacteriocins 

produced by some Xcg strains (Table 4) or some Xcg and Xcm strains 

to an Xcv bacteriocin (Table 6) indicate close relationships among these 

patho vars. 

Xcg 11 and Xcg 38 which produced bacteriocins active against 

33% (25/75) of the test Xcg strains (Table 3) and Xcv 42 whose 

bacteriocins were potent against 44% (65/147) of the test Xcv strains 

(Table 5) appeared to be the best possible sources of avirulent 

bacteriocin producer mutants for biocontrol studies. Xcm 15, although 

it was the best among the Xcm bacteriocin producers has doubtful 

potential because of its limiLed biological activity. 
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PART II
 

ISOLATION OF AVIRULENT BACTERIOCIN PRODUCER MUTANTS
OF VIRULENT WILD TYPE BACTERIOCIN PRODUCER STRAINS OFXANTHOMONAS CAMPESTRIS PV. GLYCINES, PV. VESICATORIA,

AND PV. MALVACEARUM
 

INTRODUCTION 

After 	identifying the best among the virulent wild type bacteriocin 

producer strains (Part I) in terms of in-vitro biological activity of the
 

bacteriocins (zone of growth inhibition of indicator strains and 
or 

number of isolates sensitive to the bacteriocins of the producer strains), 

the next logical step was to produce from 	these strains avirulent mutants 

that would retain the ability to produce bacteriocins. Selected strains 

of these mutants which were referred to as avirulent bacteriocin producer 

strains (AV13PS) from here on were used in field biocontrol studies 

(Part 	III).
 

The specific objectives of this part of the project 
were to (1) induce 

and isolate avirulent bacteriocin producer mutants from selected 

virulent wild type bacteriocin producer strains, (2) determine the 

activity spectra of these mutants against virulent wild type strains, 

(3) identify the mutants (AV13PS) for biocontrol studies, and (4) determine 

the stability of the AVI3PS selected for biocontrol studies. 

MATERIALS AND 	METHODS 

Virulent wild type bacteriocin producer strains (WBPS) used 

Xcg-Il (X. campestris pv. glycines isolate no. 11) and Xcg-38, 

respectively, from BP Economic Garden, Los Baflos, Laguna and 
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Tranca, 	 Bay, Laguna, Xcv-42 (X. campestris pv. vesicatoria) from 

Bago Oshiro, Davao City, and Xcm-15 (X. catiipusLris pv. malvacearum) 

from IPB, College, Laguna were used in the study. These isolates were 

the best possible sources of AVBPS for biocontrol studies based on 

studies presented in Part I of the project. 

Induction 	of avirulent bacteriocin producer strains from WBPS 

a. 	 N-methyl- N-nitro- N-nitrosoguanidine (NG) mutagenesis 

The selected W13PS was grown in 50 ml peptone sucrose broth 

(PSB) for 24 hr at room temperature. Five ml cell suspensions 

were centrifuged at J000 rpm for 15 mains. The cells were then 

washed twice with 0.1 iV! sodium citrate/citric acid buffer (pH 5.5) 

and resuspended in 5 ml of the same buffer. To the cell suspension, 

0. 1 ml of freshly prepared NG (Sigma) (1 mg in 2 ml citrate buffer) 

was added. The tubes were left at room temperature for periods 

of 10, 20, 30 and 40 minutes. After exposure to the mutagen, cells 

were centrifuged at 3000 rpm for 15 minutes, washed twice with 

0. 1 M sodium phosphate buffer (pH 7. 0) and resuspended in 5 ml of 

the same buffer. 

Serial dilutions and surface plating on PSA were performed 

for each batch of mutagenized cells. All plates were incubated at 

room temperature for 48 hours. The number of colonies were 

counted 	for each exposure period and the % survival and % kill were 

computed 	using the formula: 
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no. of surviving cells 
% survival = for each exposure pd. 

no. of cells exposed X 100 

% kill = 100% - % survival 

Cell, (colonies) from the exposure period that gave a 99. 9% 

kill, were considered possible mutants; these colonies were isolated, 

multiplied and tested for pathogenicity and ability to produce bacte­

riocins as described in Part I of the project. 

b. Acridine Orange Mutagenesis 

Acridine Orange was used to mutagenize Xcv 42 and Xcm 15. 

The same procedures as in NG mutagenesis were followed except that 

Acridine Orange (Sigma) was used instead of NG. 

c. Ultraviolet (UV) Light Mutagenesis 

UV light mutagenesis was used on Xcv 42, Xcm 15, Xcg 11 and 

Xcg 38. The same procedure of cell preparation as mentioned in 

NG mutagenesis was done except that UV light was used as the mutagen. 

The exposure to UV light (GE) (253 nm) was 0, 2, 4, 6, 8, and 10 nm 

at a fixed distance of 1 ft. Isolation of UV light-induced mutants was 

done from treatments giving a 99. 9% kill. Isolates were assayed 

for bacteriocin and tested for pathogenicity. 

d. Spontaneous Mutation 

This technique was used on Xcv 42, Xcm 15, Xcg 11 and Xcg 38. 

Weekly transfers of the cultures on nutrient agar / 5% sucrose were 

performed for several weeks. Occasional transfers on tetrazolium 

chloride agar (25) were also done. Colonies with different 

morphologies were cultivated PSA,on assayed for bacteriocin, and 



37 

RESULTS AND DISCUSSION 

N-methyl- N-nitro- N- nitrosoguanidine (NG) mutagenesis 

Two of the most effective bacteriocin producing Xcg isolates 

(Xcg 11 and Xcg 38), 4 Xcv isolates (Xcv 42, Xcv 45, Xcv 34 and Xcv 77) 

and 1 Xcm isolate (Xcm 15) were exposed to NG mutagen. There were 

96 possible mutants isolated, 30 isolates from Xcg 11, 15 from Xcg 33, 

3 from Xcv 45, 10 from Xcv 42, 12 from Xcv 34, 16 from Xcv 77, and 

10 from Xcm 15. Most of these mutants were light yellow in color and 

were not producing mucous as much as the parent wild type strains. 

There were also some mutant isolates that totally lost the yellow 

pigmentation but retained the mucoidal properties. A few of the isolates 

were observed to be both non-mucoidal and non-pigmented. 

Out of the 45 possible Xcg mutants, 32 retained the ability to 

produce bacteriocins. H-owever, pathogenicity tests of these strains 

on soybean showed that only 3 were avirulent; all these 3 avirulent 

bacteriuein producing strains (AV13PS) came from Xcg 11 and were 

small, circular, non-pigmented (white) and non-mucoidal (Fig. 7); 

they were designated Xcg 11-5, Xcg 11-9, and Xcg 11-11. Further 

tests for bacteriocin production showed that these mutants were 

effective not only against other Xcg strains but also against Xcv and 

Xcm indicator isolates (Table 9). These mutants were also active 

against a wider range of pathogenic indicator strains than the wild 

type producer strain (Table 10). The zones of inhibition produced by 

the mutants were also comparable or sometimes larger than their 

parent strains (Table 11) (Figs. 8, 9 and 10). The mutants also 
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Fig. 7. 	 Pure cultures of 48-hr old NG-induced avirulent 
bacteriocin producer strain (AV13PS) of X. 
campestris pv. glycines (Xcg 11-9) (A) and its 
parent virulent wild type bacteriocin producer 
strain (Xcg 11) (B) on PSA. 



Table 10. Bacteriocin production of wild type and NG-induced mutant strains of X. campestris 
(Xcg 11 and Xcg 38) against wild type pathogenic X. campestris pv. vesicatoria. 

pv. glycines 

PRODUCER / of zones of /iameter2/ 

STRAINS-' 
Acvcv 43 3 Xcv 2 9 

incicator 
Xcv237 X7 

Strains 
-43 0 X cv 3 4 Kcv 4 7 Lcv 4 6 

HC 30. 0 0 27.5 24.0 20.0 26.0 29.5 27.0 26.0 27.5 27.0 

c:3 23.5 0 29.0 24.0 29.0 29.0 29.5 26.0 25.5 26.5 26.5 

Xc~l1-9 20.5 19.0 13.5 22.0 25.0 2.0 17.5 0 13.5 22.0 2. 5 

19.5 15.0 12.0 20.0 17.5 17.0 17.5 16.5 16.0 14.0 13.5 

XCgll 1 - 1 12.5 13.5 22.5 13.0 17.5 25.0 16.0 16.0 26.0 23.5 16.5 

co 



Table 1. continued ..... 

p n"-, 

-Jc'49 :CVl2 Xcvl 

Diameter 

Mcv'. :0cv5v:cv 

of zones of inhibition 

S 6 1incator trains 
::CV1 "cv51 Xcv 3 5 

(rai)2/ 

*cv- Xcv 
17 c 

1 8 

,-.3 
-­cg3 3  

XC11-9 

cS-i 1 -5 

26 0 

3 0- 0 
3..0 

.3.0 

2S.0 

2 3 . 0 

2 7 . 
2...0 

22.5 

13.0 

0 

13.5 

13.0 

29.0 

Z23 . 55 

14.0 

11 0 

. 

12.0 

11.0 

- )a 
3 

22.0 

15.0 

. 

5" 
5 

21.0 

21.0 

28.5 

23.0 

13.0 

11.5 

17.5 

22.5 

27.0 

15.0 

15.5 

27.0 

12.0 

15.5 

5. 

26.5 

19.0 

13.50 

c 1-l12.0 17.5 25.5 20.5 16A.5 13.0 22.0 20.0 20.0 15.0 10.0 21.0 



Table i continued ..... 

PRODUCr- D .:-zneter or Zo .ltsof ifniit ion (of) -STRAIN!itic 'TAI-*: "cv 40 I . 1 t or St rin sX"5 "'cv 3° Xcv-~i Y v9"cvq "-v 2 1 "{cv3 Acv3f -*cv5~ : cv28 "Xcv 

iL
 

i . 2 26. 5 
 2J. 20.5 22.5 29.0 21.3 25.0 26.5 

Xc 32 27.5 25.5 27.0 27.0 26.3 0 26.5 27.5 27.0 
 3.0 23.5 3C.0 

ACil!-9 22.5 20.0 14.0 15.0 12.0 19.0 22.5 
 15.0 17.0 12.5 
 20.0 15.0
 

Xc-i!-5 15.5 13.5 16.3 
 11.0 20.5 13.5 
 17.5 17.0 11.0 
 12.3 15.5 16.0
 

22.0 17.5 
 11.5 12.0 
 12.C 12.5 20.0 20.0 
 12.0 14.5 15.0 
 12.0
 

Virulent wild type bacteriocin producer strains (-BPS) - Xcg 11, Xcg 38: Avirulent bacteriocin producer
strains (AVBPS) - -Xcg 11-9, Xcg 11-5, Xcg 11-11. 

2/
 
Average of 2 measurements; zones of inhibition indicates bacteriocin production. 



teriocin 
11 and 

production of wild type and NG-induced mutant strains of X. 

Xcg 33) against wild type pathogenic X. c. pv. glcines. 

campestris pv. glvcines 

X cgz.4 .C 5 X 9 6 c 30 .C 47 

Piamnter of zones of inhibition ( ) 

Irdicator Strains 

;5 4 1 .5 :cc "4 , c 9 5 X c : :.cg2 'c 64 "Xc %63 ::C 1 6  X c 2 5 YC .36 

0 

0 

15.r 

I .n 

14.5 

17.5 

0 

0 

13.0 

17.0 

0 

0 

0 

0 

16.3 

12.0 

0 

0 

0 

0 

20.0 

20.0 0 

1 3.0 

0 

1.0 

16.5 

15.0 

17.0 

0 

0 

0 0 

0 

14.5 

14.0 

0 

0 

17.3 16.0 10.0 14.0 17.5 15.0 15.3 19.3 17.5 16.5 15.0 17.5 17.0 15.5 15.0 12.5 21.0 25.5 16.5 14.0 

17.3 12.0 12.0 15.7 17.6 12.7 12.3 21.3 11.5 22.5 15.5 12.5 19.0 13.0 14.0 15.5 19.5 1 .5 19.5 17.5 

20.3 13.0 13.5 12.6 14.0 13.0 14.3 17.7 16.0 15.5 22.5 17.0 19 . 16.5 20.0 15.0 21.0 10.0 15.5 17.5 

of 2 oeasurenents; zones of inhibition indicates 

Xcg 11, Xcg 38; AVBPS - Xcg 11-9, Xcg 11-5, Xcg 11-11. 
bacteriocin production. 
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Fig. 8. 	 Bacteriocin production of (1)Xcg 11-9, (2) Xcg 
11-5, (3) Xcg 38, (4) Xcg 11-11, and (5) Xcg 11 
on indicator (A) Xcg 44 (B) Xcg 16 and (C) Xcg 5. 

Fig. 9. Bacteriocin production of (1) Xcg 11-9, (2) Xcg 
11-5, (3) Xcg 38, (4) Xcg 11-11 and (5) Xcg 11 
on indicator (A) Xcv 13, (B) Xcv 51 and (c) Xcv 29. 
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Fig. 10. Bacteriocin assay of NG-induced avirulent 
bacteriocin producer strains (AVBPS) (white
colonies) of X. campestris pv. glycines (Xcg)
and their virulent wild type bacteriocin producer
parent strains (yellow colony) against a wild 
type Xcg strain. 
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retained their bacteriocin producing ability and non-pigmented and non­

mucoidal properties even after more than 1 year of weekly transfers in
 

PSB and PSA. Moreover, repeated pathogenicity tests of these cultures
 

on soybean proved negative.
 

NG mutageneses to produce AV13PS of Xcv and Xcm 
were not
 

successful. The possible mutant isolates either lost their ability to
 

produce bacteriocins and or retained their virulence (pathogenicity) to
 

their respective host plants.
 

Acridine Orange mutagenesis 

For failure to produce AV13PS of Xcv and Xcm by NG mutagenesis,
 

Acridine Orange G was used to mutagenize Xcv 42 and Xcm 15; 
 a concen­

tration of 40 ug/mil was 
used after preliminary trials showed that it 

induced low survival rates. Morphotypes similar to those that were 

induced on Xcg by NG mutagenesis were observed. Out of 45 possible 

mutants of Xcm 15, 17 retained the ability to produce bacteriocins while 

all 11 mutant isolates of Xcv 42 were bacteriocin producers. Pathogenicity 

tests of these mutant bacteriocin producers showed that they were all 

avirulent; the colonies of these AV13PS were small, circular, non­

pigmented (white) and non-mucoidal, very similar to AV13PS of Xcg (Fig. 11). 

Further bacteriocin assays of these AVBPS showed that they (their 

bacteriocins) were active against both intra- and inter-pathovar strains. 

They were also active against a wider range of indicator strains than that 

of their parent virulent wild type bacteriocin producer strains (WBPS)(Fig. 12, 13 

(Tables 12, 13, 14, 15, 16, 17). They retained their bacteriocin producing 

ability, colony characters, and avirulent nature after more than one year 

of weekly transfers in PSB or PSA. 
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Fig. 11. Puire cultures of 72-hr old Acridine orange-induced 
avirulent bacteriocin producer mutants of X. 
campestris pv. vesicatoria (Xcv 42-4) and pv. 
malvacearum (Xcm 15-16) on PSA. 



47 

Fig. 12. 	 Bacteriocin assay of Acridine orange-induced 
avirulent bacteriocin producer strains (AVBPS) 
(white colonies) of X. campestris pv. malva­
cearum (Xcm) and their virulent wild type 
bacteriocin producer parent strain (yellow colony) 
against a 	wild type Xcm strain. 
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Fig. 13. 	 Bacteriocin assay of Acridine orange-induced 
avirulent bacteriocin producer strains (AVBPS) 
(white colonies) of X. campestris pv. vesicatoria 
(Xcv) and their virulent wild bacteriocin producer 
parent strain (yellow colony) against a wild type 
Xc v strain. 



Table 12. 	 Bacteriocin production of wild type and Acridine Orange-induced mutant strains of X. campestris 
pv. vesicatoria (Xcv 42) against wild type pathogenic X. campestris pv. vesicatoria (Xcv) strains. 

Diameter of Inhibition Zones (mm)-
Produc i Indicator Strains
 
strain- Xcv 33 Xcv 10 Xzv 122 Xcv 25 Xcv 31 Xcv 21 
 Xcv 154 Xcv 48 Xcv 148 Xcv 57 

Xcv 4 2 18.5 17.5 18.5 19 14.5 18.5 26 19 18.5 19.5 

XCv42-1 20.5 18.5 17 16.5 26 20.5 27.5 21 25.1 18 

Xcv 4 2 - 2 21 21.5 14 24.5 20 20.5 18 17.5 22.5 25 

Xc v4 2 - 3 23 17 14 19.5 19.5 19.5 26.5 18 24 23.5 

Xcv4_-4 25.5 21.5 17 22.5 23.5 21.5 27.5 25 24.5 

1/ 
All mutant producer strains were 4. 5 mm in diameter while the wild type prducer strains were 6.5 mm 

in diameter. WRBPS - Xcv 42; AVI3PS - Xcv 42-1 to 4. 
2/ 
- Average of 2 measurementsj zone of inhibition indicate bacteriocin production. 



Table 12 continued ...... 

Producer 
strain! / Xcv 23 Xcv 16 Xcv 49 

Diameter of Inhibition Zones (mm)2/ 
Indicator Strains 

Xcv 43 Xcv 42 Xcv 12 Xcg 11 Xcg 45 Xcg 56 

Xc v4 2 19 14 17 19 0 0 0 0 0 

Xcv 4 2_ 1 16.5 24 22.5 18.5 19 35.5 32 10 0 

Xcv 4 2 _2 13.5 25.5 16 20 21.5 35.5 4.5 25 28 

Xcv 4 2 3 22.5 17.5 23 17.5 24.5 35.5 6.5 6.0 0 

Xc v 2 26.5 22 23.5 20 29 35.5 34 21.5 25 



Table 12 continued ...... 

Producer 

strain Xcg 66 Xcg 68 

Diameter of Inhibition Zones (mm)2I 
Indicator Strains 

Xcg 74 Xcg 77 Xcg 88 Xcg 91 

Xc k,4 2 0 0 0 0 0 0 

Xc %42_ 1 

Xc %,_ 2 

Xcv 4 2 3 

Xc v4 2_4 

25 

30.5 

20.5 

26.5 

11 

27 

25 

32.5 

13.5 

5.5 

13.5 

33.0 

0 

8.5 

-

21.5 

6.5 

8.5 

-

10.5 

19.5 

26 

6.0 

18.5 



Table 13. Activity of X. campestris pv vesicatoria (Xcv) avirulent bacteriocin producer strains (mutants) 
against Xcv and the pathovars giycines (Xcg), a.nd malvacearum (Xcm) wild types 

No. sensitive Xcv No. sensitive Xcg No. sensitive Xcr 

Avirulent Xcv Bacteriocin wild type wild type wild type 

producer Mutants Total No. isolates Total No. isolates Total No. isolate 
tested :es ted tes ted 

Xcv4 2 ­ 1 16/16 

Xcv 4 2 -2 16/16 

Xcv 4 2-3 16/16 -

Xcvv-4 - 70/71 2/Z 9/9 

- no data 

01 



Table 14. Bacteriocin production of wild type and Acridine Orange induced mutant strains of X. campestris 
pv. malvacearum (Xcm 15) against some wild type pathogenic Y. campestris pv. glycines (Xcg) 
strains. 

Diameter of Inhibition Zones (mm). /
Produce Indicator Strains
 
strain! / Xcg 11 -Kcg 45 Xcg 6C Xcg 71 Xcg 77 Xcg 84 Xcg 88
 

Xcm 15 0 0 - 0 0 0 0 

Xcm 15-11 16.5 
 0 18 15 0 13.5 10
 

Xcm 15-12 34.5 14 8
16.5 13.5 12 14
 

Xcm 15-14 0 22 22.5 19 14.5 15 12.5 

Xcm 15-16 35 - 28.5 36 33 23 29 

Xcm 15-18 23 18 
 18 8.5 14.5 0 12.5 

Xcm 15-19 3.5 9 12.5 12.5 013.0 13.5
 

1/ 
WBPS - Xcm 15; AVBPS - Xcm 15-11, -12, -14, -16, -18, -19. 

2/

Average of 2 measurements; zone of inhibition indicates bacteriocin production. 

C€ 



Table 15. Activity of X. campestri; pv rhalvacearum (Xcm) avirulent bacteriocin producer mutants 
against Xcm and the pathovars glycines iXcg), and vesicatoria (Xcv) wild types 

No. sensitive Xc-n No. sensitive Xcg No. sensitive Xcv 
Avirulent Xcm Bacteriocin wild types wild types wild types 

Producer Mutants Total No. isolates Total No. isolates Total No. isolates 
tested tested tested 

Xcm 1 5 -
I I 9/9 

XCm 1 5 ­ 1 2  9/9 

Xcrnl- i4 9/9 -

Xcm 1 5 -16 17/18 2/2 55/55 

Xcml - 18 9/9 

Xcml 5 -19 9/9 

- no data 

C-, 



Table 16. 	 Bacteriocin production of wild type and Acridine Orange-induced mutant strains of X. campestris 
pv. malvacearum (Xcm l ) against wild type pathogenic X. campestris pv. malvacearum (Xcm) 
strains. 

Diameter of Inhibition Zones (m.' 
Producer Indicator Strains 
straini1 Xcm 5 Xcm 19 Xcm 5 Xcm 4 Xcm 10 Xcm 9 Xcm 7 Xcm 11 Xcm 15 

Xcrn 15 	 0 0 0 0 0 0 0 0 0 

Xcm 15-11 22 15.5 7.5 11 14.5 10.5 11.5 20.5 19.5
 

Xcm 15-12 24 14.5 12.5 16.5 13.5 
 7.5 10 26.5 11
 

Xcm 15-14 20 13.5 8.5 15 17 15.5 
 16 24.5 16.5 

Xcm 15-16 24 15.5 15 15.5 15 17.5 14 34.5 18.5 

Xcm 15-18 9.5 11 13.5 6.5 7.5 16 10 25.5 20.5
 

Xcm 15-19 20.5 16.5 6.5 21.5 8 14.5 15.5 30.5 8.5 

All mutant producer strains were 3. 5 mm in diameter while the wild type producer strains were 5. 5 mm 
in diameter. XVBPS - Xcm 15; AVBPS - Xcm 15-11, -12, -14, -16, -18, -19. 

2/ Average of 2 measurements; zone of inhibitionindcates. bacteriocin production. 

01l 
01



Table 17. 	 Bacteriocin production of wild type Xcv and its mutant _Xcv 42-4 and Xcm 15 and its mutant 
Xcm 15-16 against wild type pathogenic Xcv, Xcm and Xcg strains. 

Diameter of Inhibition Zones (mm) ./
Producer Indicator Strains 

strain!! Xcv 37 Xcv 102 Xcv 99 Xcv 25 Xcv 48 Xcv 149 Xcv 23 Xcv 11 Xcv 21 Xcv 9 

Xcv 4 2 26.5 23 21 16 26 0 29 20 21 0 

Xcm 1 5 6 5 8 6 7 0 6 5 9 0 

Xcv 4 2 _4 28.5 16.5 16.5 24.5 15.5 17.5 8.5 31.5 31.5 14.5 

Xcm 1 5 _1 6 6.5 12.5 10.5 6.5 8.5 13.5 12.5 12.5 26.5 6.5 

T/

All mutant 	producer strains were 3. 5 mm in diameter while the wild type strains were 9 mm in diameter. 
WBPS - Xcv 42, Xcm 15; AVBPS - Xcv 42-4, Xcm 15-16. 

2/
 
Average of 	2 measurements zone of inhibition indicates bacteriocin production. 

cI 



Table 17 continued ....... 

Diameter of Inhibition Zones (mm) 
!Frod Lcer 

strain Xcv 19 Xcv 108 Xcv 35 Xcv 102 
Indica+or StraLns 
Xcv 16 Xcv 10 Xcv 31 Xcv 61 Xcv 18 Xcv 154 

Xcv 4 2 21 16 2 23 9 21 19 21 19 0 

Xcm 1 5 3 4 0 8 1 6 7 5 0 0 

Xc v4 2 - 4 11.5 11.5 10.5 0 21.5 26.5 31.5 16.5 15.5 18.5 

Xcn 1 5 - 1 6 16.5 6.5 13.5 11.5 16.5 18.5 21.5 16.5 17.5 11.5 



Table 17 continued .......
 

Diameter of Inhibition Zones (mm) 
Proucer ndtca-ot ra'Lns 

strain Xcv 43 Xcv 100 Xcv 33 Xcv 57 Xcv 103 Xcv 124 Xcv 54 Xcv 122 Xcv 31 Xcv 75 

Xcv 4 2 23 26 18 0 20 21 16 16 16 21 

Xcm15 7 4 6 0 6 1 8 8 11 7 

Xcv- 26.5 16.5 13.5 32.5 11.5 14.5 23.5 21.5 26.5 16.5 

Xcm 1 5 - 1 6 12.5 14.5 14.5 11.5 13.5 16.5 15.5 14.5 7.5 11.5 

CA 



Table 17 continued .......
 

Proaucer 
Diameter of Inhibition Zones (mm) 

Indicator Strains 
strain Xcv 101 Xcv 66 Xcv 76 Xcv 18 Xcv 17 Xcv 16 Xcv 20 Xcv 28 Xcv 34 Xcv 36 

Xcv42 26 23 25 21 18 16 19 26 22 21 
Xcm 1 5 1 6 10 0 8 10 5 0 0 0 
Xc v4 ,- 26.5 25.5 31.5 14.5 21.5 23.5 24.5 28.5 22.5 16.5 

Xcm 1 5 - 1 6 10.5 16.5 16.5 4.5 17.5 18.5 21.5 23.5 15.5 11.5 

CO
 



Table 17 continued ....... 

Producer 
Diameter of Inhibition 

Idicator Strir 
Zones (mm) 
s 

strain Xcv39 Xcv44 Xcv45 Xcv49 Xcv 58 Xcv60 Xcv62 Xcv63 Xcv71 Xcv106 

Xcv4 9 18 16 18 20 15 26 28 19 18 17 

Xcm 1 5 3 11 4 6 11 6 0 10 0 11 

Xcv 4 2-4 26.5 31.5 23.5 15.5 17.5 32.5 26.5 27.5 21.5 12.5 

Xcm 1 5 - 1 6 12.5 18.5 20.5 15.5 19.5 16.5 18.5 17.5 17.5 14.5 



Table 17 continued ....... 

Diameter of Inhibition Zones (mm) 

strai.L Xcv 146 Xcv 30 Xcv 23 Xcv 70 Xcv 57 Xcm 15 Xcrn 12 Xcm 10 Xcm 5 

Xcv42 13 0 0 0 0 0 0 22 0 

Xcm1 5 4 0 0 3 0 0 - 0 0 

Xcv42-4 25.5 16.5 21.5 16.5 32.5 18.5 10.5 6.5 28.5 

Xcm 15 -1 6 12.5 8.5 13.5 14.5 11.5 16.5 - 12.5 11.5 



Table 17 continued .......
 

Producer 
strain Xcm 6 Xcm 2 

Diameter of Inhibition Zones (mnm) 
IndiccaLor Strai 5 

Xcm 7 Xcm 11 Xcm 4 Xcg 36 Xcg 91 

Xc v4 2  0 0 02 

Xcm 1 5  0 0 0 0 0 0 0 

Xcv 4 9 ­ 4 21.5 26.5 16.5 20.5 24.5 26.5 15.5 

Xcm 1 5 - 1 6 16.5 20.5 14.5 21.5 10.5 11.5 7.5 
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Ultraviolet Mutagenesis and Spontaneous Mutation 

Ultraviolet mutageneses and spontaneous mutations failed to produce 

AVBPS from Xcv 42, Xcm 15, Xcg 11 and Xcg 38. The experiments were 

carried out because earlier attempts to produce AV713PS from Xcv and 

Xcm by NG mutagenesis failed. 

The data on mutageneses indicate the differences in the sensitivity 

of the different Xanthomonas campestris pathovars (i.e. Xcg, Xcv, and 

Xcm) to NG and Acridine Orange mutagens. Xcg WHVPS seem to be 

easier to induce for AVBPS than the WI3PS of Xcv and Xcm. Both Xcv 

and Xcm WI3PS, however, are amenable to Acridine Orange mutagenesis. 

The AVBPS pr oduced by both mutagens are stable enough in so far as 

the avirulent character and the ability to produce the bacteriocins are 

concerned. The mutagen treatment affects not only the biological activity 

spectra of the bacteriocin in terms of the number of strains that are 

sensitive to it but also its potency. Molecular genetic studies of 

bacteriocin production of the pathovars may elucidate these phenomena. 

On the basis of biological activity data Xcg 11-9, Xcv 42-4, and 

Xcm 15-16 avirulent bacteriocin producing strains (the first number 

is the W13'S code, the second number is the code of the mutant from 

the WH PS) can be tested for their biocontrol efficacy against sensitive 

virulent wild type strains. 
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PART III 

BIOLOGICAL CONTROL OF 13ACTERIAL PUSTULE OF SOYBEAN,

ANGULAR SPOT OF COTTON, 
 AND BACTERIAL SPOT OF TOMATO 
BY SEED TREATMENT WITH AVIRULENT BACTERIOCIN PRODUCER 
STRAINS OF THEIR 13ESPECTIVE CAUSAL BACTERIA 

INTRODUCTION 

Having identified the potential avirulent bacteriocin producer 

strains (AVIPS) for biocontrol studies (Part I), the next step was to 

find out whether or not these strains (the AVJPS) would indeed control 

the diseases initiated by bacteriocin sensitive virulent wild type strains. 

The specific objective of this part of the project, therefore, was 

to determine if bacterial pustule of soybean, angular spot of cotton, and 

bacterial spot of tomato can be effectively controlled by seed treatment 

with AVBPS of their respective bacterial causal agents. The seed 

treatment procedure for applying the AVBPS was selected because it is 

cheap and the bacterial agents of the diseases referred to are seedborne 

and, therefore, theoretically amenable to biopesticide seed treatment. 

MATEJU1Af-,S AND METHODS 

Avirulent bacteriocin producer strains (AX'13PS) used 

Xcg 11-9 cXanthomonas gcn 	 9ampe(stris pv. AVI3PS iso. 
from wild type Xeg iso. 11), 

Xcm 	15-16 (X. campestris pv. malvacearum AV13PS iso. 16 from 
wild type Xcm iso. 15) and 

Xcv 42-4 (X. campestris pv. vesicatoria AV13PS iso. 4 from 
wild type Xcv iso. 42) were used. 
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AVBPS inoculum 

The inoculum consisted of 24-hr old PSB shake culture of the 

desired AV13PS (300 ml PS13 (per dextrose bottle) seeded with one
 

48-hr old PSA: slant culture suspended in 10 ml sterile water).
 

Production of sqybean, cotton, and tomato seeds naturally infected
 
respectivel\' with Xcg, Xem, and Xcv
 

Soybean (3PI SY4 cv), cotton (Deltapine 16 cv) and tomato
 

(l\arikit cv) were grown 
at the ['PLI3-CES fields according to standard 

cultural management practices. .\t flowering time the plants were
 

inoculated with the desired pathogens (Neg 16 on soybean, 
 Xcm 11 on 

cotton, and Xcv 12 on tomato). The diseases were allowed to develop 

unhampered. The infected fruits (sqybean pods, tomato fruits, cotton 

bolls) were harvested and the seeds were processed following recom­

mended practices. The seeds were stored in the refrigerator until
 

further u sed.
 

Experimental plots and design for soybean and cotton 

The e.:perimental plots for soy bean and cotton at the ITPLB-CES 

were plowed, disked, harrowed twice, rotovated, and furrowed at 

0. 75 n. All the experiments were installed in R1'K design. The 

treatment blocks were repli.ca ed thrice with four rows per block. 

There were 4 rows of corn between blocks to prevent inoculum 

transfer between blocks. 

Planting and care ofplants 

Four- rows of corn (Lagkitan var. ) were planted along borders 

and between experimental blocks, 2 weeks before the sowing of cotton 

http:repli.ca
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and soybean seeds or transplanting of tomato seedlings. The corn 

plants 	served as a carrier to inoculum transfer between treatment
 

bloc ks.
 

Recommended cultural management 
practices including fertilizer 

application and cultivation were followed for each crop. Herbadox was 

used as 	pre-emergence herbicide and handweeding was done whenever 

necessary. Several combinations of' insecticides and fungicides (e.g. 

Thiodan, Sevin, Decis, Benlate, Daconil, Dithane M-45) were used
 

as necessary at recommended rates.
 

Soybean seed treatment 

Soybean seeds (13P1 SY4) naturally infected with Xcg 11 were 

used. 

There were 2 treatments: The first treatment (TI) consisted of 

seeds soaked for 12 hrs in the AVIWPS Xcg 11-9 biocontrol agent 

inoculum, the second treatment (T2), the control treatment, consisted 

of seeds soaked for 12 hrs in sterile PSJ3. The seeds were drained 

and planted right after the treatments. 

Cotton seed treatment 

Naturally infected and artificially inoculated (with Xcrn 11 ) cotton 

(Deltapine 16 cv) seeds were used. 

a. 	 Naturally infected seeds 

Two treatments similar to those described for soybean but 

using 	AVBPS Xcm 15-16 as the biocontrol agent were installed. 

In another trial AVI3PS Xcg 11-9 was used to treat the seeds. 
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b. Artificially inoculated seeds 

Commercial seeds (Deltapine 16 cv) were used. The 

seeds were first inoculated by soaking them in a 24-hr old 

Xcm 15 suspension in sterile distilled water (approx. 108 

cfu/ml) for 12 hrs. After inoculation the seeds were air 

dried for 12 hirs. One-half of the seeds were then soaked 

in sterile PSI3 (TI). The other half were soaked for 12 hrs 

in the A\IHIPS Xcm 15-16 inoculum (T2). For the control 

treatment (T3), a batch of uninoculated seeds were first 

soaked in sterile PS13 for 12 hrs, air dried for 12 hrs, then 

soaked in plain ISB3 for 12 hrs. wereThe seeds drained and 

planted right away after the treatments. 

Tomato Seed Treatment 

a. Naturally infected seeds 

Tomato seeds (Marikit cv) naturally infected with 

Xcv 12 were used. Two treatments similar to those described 

for soybean but using VIPS Xcv 42-4 as the biocontrol 

agent, were installed. In this test the seeds were sown in 

seedboxes with baked soil. Five seedboxes with 100 seeds 

per seedbox were used for cach treatment. The seedboxes 

were placed in the greenhouse and the seedlings were observed 

for bacterial spot. Observations were made up to 45 days 

after sowing. Proper seedling management was followed 

during the experiment. 
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b. 	 Artificially inoculated seeds 

Tomato seeds (Marikit cv) were inoculated by soaking 

in 24-hr old PS13 cultures of WBPS Xcv 12 for 12 hrs, air­

dried for 12 hrs at room temperature, then inoculated, also 

by soaking, with 48 hr-old PS13 cultures of AV13PS Xcv 42-4 

for 12 hrs. After air-diying for 12 lirs, the seeds were sown 

in flats with sterile soil. In another set, the seeds were 

soaked first in .'k\'I3PS Xcv 42-4 then in WI3PS Xcv 12. For 

the control treatment, the seeds were soaked in PSB alone. 

There were 3 replications with 500 seeds per replicate, per 

treatment. In another test, the same procedures were used 

except that the drying time of seeds was reduced from 12 hrs 

to 30 min. Seedlings were observed for bacterial spot 

symptoms in the greenhouse. 

UI'S[TLTS AND DISC USSION 

Soybean Seed Treatment with Xcg A\NI'3PS Using Naturally Infected Seeds 

a. 	 First trial ( Novem!)er 1987 to March 1988, a TJPLJ3 Central 
Experiment Station (CES)) 

Titure 14 shows a po tion of the experimental field. A 

very low percentage of plant population from seeds treated 

with AVI3PS Xcg 11-.9 (1. 6',) were infected by pustule 

compared with those from non-treated seeds (40.2%). 
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ANO BPI SY,! 

C ROL 

SOIBEAN BP SY4I
 

TRE ATED.11.
 

MUTANIT XCGI-

Fig. 14a. 	 Field set-up of the exPCrimnt onl the control 
of bacterial pustule of soy bean by seed treat­
ment with an avirulent bac te rioc in produce r 
strain of X. rampestris pv. &.-ines(Xcg 11-9). 
Note the rows of corn that separated the treat­
ments in an RC1 design. 
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SOT 	 TON DI6
 

TREATED 

MUTANT-XQj5.1 

Fig. 14b. 	 ],'ield set-up of the experiment on the control 
of angularz spot of cotton by seed treatment with 
an avirulent bacteriocin producer strain of X. 
campestris pv. malvacearum (Xcm 15-16). 
Note the rows of corn that separated the treat­
ments in an ICI3 design. 
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Ninety Xcg strains isolated from 90 infected plants collected 

at random from the AVBPS treatment plots and assayed for 

bacteriocin sensitivity were all sensitive to the bacteriocins 

of Xcg ll-9; these observations show that infection of plants 

from those plots were initiated by Xcg inocula that were able 

to escape the AVI3PS Xcg 11-9 seed treatment. Yield data 

also showed that the AVI3PS treatment increased seed yield 

by 62.3% (Table 18). 

It is clear from the data that t-r' AVBPS seed treatment 

can reduce seedborne Xcg inoculum rer ," .," in reduction of 

disease (bacterial pustule) severity and substantial improve­

ment in soybean seed yield. 

b. Second trial (June 1988 to October 1988, UPLB CES) 

Bacterial pustule infections in this trial were very low. 

The disease was noted more than 2 months after planting 

making infection ratings impractical. The low incidence of 

the disease could have been due to low Xcg seedborne inocula. 

Nevertheless, yield data showed that the AV13PS Xcg 11-9 

treatment increased seed yield by 31. :3% (Table 19); yield 

improvement due to the treatment may be attributed to 

increased in number of pods (Table 20). 

The data confirmed the observations on the first trial. 



Table 18. Effect of seed treatment with avirulent bacteriocin producer strain (AVBPS) of X. campestrispv. glycines (Xcg 11-9) on bacterial pustule incidence and soybean (BPI-SY4) seed yield
(November 1987 - March 1988, UPLB-CES).
 

No. plants infected 1/

Total No. Plants Ave. %Treatments Seed yield 2/ 3/ % Inc. inREP Population REP Ave. - yield 4/I Il lII Ave. Infection I II IIIyil 

AVBPS 10 9 20 13 1.6 570 610 570 583.3 a 62.3
715 845 870 810 

Control 348 106 766 407 40.2 327 365 385 358.1 b
1,199 779 1,054 1,010 

1/
 
- Data recorded 1 1/2 mos. after sowing.
 

Based on 40 sample plants (10 sample plants from each of 4 
 rows per replicate). 

3/
 
DMRT analysis.
 

4/% increase in yield 
 = Ave. AVBPS-treated seed yield - Ave. control seed yleld x 100 
Ave. control seed yield 
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Table 19. Effect of seed treatment with avirulent bacteriocin producer 
strain (AVBPS) of X. campestris pv. glycines (Xcg 11-9) 
on bacterial pustule incidence and soybean (BPI-SY4) seed 
yield (June 1988 - November 1988, UPLB-CES). 

1I 
 T 
Seed weight per plants (g)-i A 	 Increase 

Treatments Replicate 	 Ave. 2/ in 3/
I II III 	 .yield-

AVBPS 34.2 22.7 23.3 	 a26.7 31.3 

Control 22.8 18.5 19.7 20.3 b 

/ Average of 40 sample plants (10 sample plants from each row
 
of 4 rows per replicate).
 

-DMRT analysis. 

3/% increase in yield = Ave. AVBPS-treated Ave. control 
seed yield seed yield 
Ave. control F.eed yield X 100 

Table 20. 	 Effect of seed treatment of soybean (BPI SY4) with AVBPS 
of X. campestris pv. glycines (Xcg 11-9) on pod number 
(June 1988 - November 1988, UPLR-CES). 

Number of pods per plant 
Treatments Replicate Average I/ 

I II III (pods/plant) 

AVBPS 118.2 93.8 95.75 102.6 a 

Control 83.6 75.3 76.5 78.5 b 

I/
 
Based on 40 sample plants per replicate. DMRT analysis. 
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Cotton Seed Treatment with Xcg and Xcm AVBPS Using Naturally 
and Artificially Infected Seeds 

a. First trial (November 1987 to March 1988, UPLB-CES) 

This experiment which used AV13PS Xcg 11-9 (from 

soybean) was conducted at that time when AVI3PS of Xcm was 

not yet available. Xcg 11-9 was selected for the trial because 

its bacteriocin was active against virulent wild type isolates 

of Xcm. (Part 1I). 

Angular spot infections were not severe. Few spots 

were observed on leaves of infected plants 1-1/2 months after 

planting. Nevertheless, a lower percentage of plant popu­

lation from seeds treated with AVBPS Xcg 11-9 (9. 9%) were 

infected with angular spot compared with that of the non-treated 

control treatment (17. 4%) (Table 21). 

b. Second trial (June 1988 to November 1988, UPLB-CES) 

In the experiment with naturally infected seeds, the 

average percent plant population int'ection was considerably 

lower in the AVI3PS Xcm 15-16 seed treatment (10. 2%) 

compared with that of the control treatment (38. 9%) 

(Table 22); the average number of infected leaves per 

plant was also lower in the AVI3PS seed treatment than the 

control (Table 23). With artificially inoculated seeds, percent 

plant population infection (with Xcm) was only 14. 9% in the 
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Table 21. Effect of seed treatment with avirulent bacteriocin producez 
strain (AVBPS) of X. campestris pv. glycines (Xcg 11-9) 
on cotton (Deltapine 16) angular spot incidence (Nov. 1987 -
March 1988, UPLB-CES) 1/ 

No. plants infected
 
Treatments Total No. Plants 
 Ave. % 

R E P Ave. population 
I II III infection 

AVBPS 28 51 30 36 9.9 
392 350 37% 372 

Control 220 258 29 169 17.4 
765 590 337 564 

1/ 
X. campestris pv. malvacearum naturally infected seeds
 

were used. Data taken 2 months after sowing.
 

Table 22. Effect of seed treatment with avirulent bacteriocin producer
strain (AVJ3PS) of X. campestris pv. malvacearum (Xcm 
15-16) on cotton (Deltapine 16) angular spoV ncidence 
(June 1988 - November 1988, UPLI3-CES) -

No. of plants infected It 
Total No. Plants Ave. %Treatments 1E B P Ave. population 

II III infection 

AVBPS 20 25 25 23.3 10.2 
224 239 
 222 228.3
 

Control 119 113 58 96.6 38.9 
254 246 241 247 

1/
 
Xcm naturally infected seeds were used. Data taken 2 months 

after sowing. 
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Table 23. 	 Effect of seed treatment of cotton (Deltapine 16) with
 
AVBPS of X. campestris pv. malvacearum (Xcm 15-16)
 
on angular leaf spot infection /
 

No. infected leaves/plant
 
Treatments R E P Ave.
 

I 	 II III 

AVBPS 	 1.75 1.85 1.8 1.8 

Control 	 2.3 3.3 2.8 2.8 

1/
- Based on 20 plants per replicate. Data taken 2 months 

after sowing. 

Table 24. 	 Effect of seed treatment with avirulent bacteriocin producer 
strain (AVBPS) of X. campestris pv. malvacearum 'Xcm 
15-16) on cotton (Seltapinc 16) angular spot irncidence 
(June 1988 - November 1988, UPLB-CES)-1/ 

No. plants 	infected 

2/ Total No. Plants Ave. % 
Treatments - R E P Ave. population 

I II 	 infection 

AVBPS 40 76 58 14.9 
420 359 389.5 

WBPS 	 210 276 243 71.9 
334 342 338 

Control 0 0 0 
479 493 486 

Data taken 2 months after sowing. 
/AVBPS - seeds treated (inoculated) with avirulent bacteriocin 

producer strain (Xcm 15-16) 

WBPS - seeds treated (inoculated) with virulent wild type 
bacteriocin producer strain 

Control -	 seeds treated with PSB. 
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AVBPS Xcm 15-16 seed treatment compared with 71. 9% of 

the non-treated seed control treatment; there was no 

infection of plants from healthy control seeds (Table 24). 

In both experiments no yield data was taken because most of 

the bolls rotted during the rainy periods that occurred long 

before harvest. 

While no yield data were recorded in both e-:periments 

and also in the first trial, it x'.s apparent that treatment of 

cotton seeds with AVBPS of Xcm or Xcg would reduce seed­

borne Xcm inocula, thereby, limiting angular spot severity. 

Tomato Seed Treatment with Xcv AVBPS [1sing Naturally and Artificiall, 
Infected Seeds 

Experiments utilizing seeds from tomato fruits naturally 

infected with Xcv failed to yield infected seedlings. This may be 

attributed to low percentage of seeds infected with Xcv in the 

seedlot used in the experiment. 

In tests involving artificial seed inoculations, seedlings 

that developed from seeds treated with either AV13PS Xcv 42-4 

or virulent wild type bacteriocin producer (WI3PS) strain 

(sensitive to AVBPS Xcv 42-4) did not contract the disease. 

The experiment was repeated 2 times using other virulent 

W.BPS with the same results. For some reasons the virulent 

WBPS on the seeds failed to infect the seedlings. Under normal 

conditions it takes 4-5 days after sowing before the seedling 
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emerges from the soil. It is possible that the WBPS failed to 

survive long enough on the seed coat to infect the developing 

seedlings (see Part IV). 

Further tests should be conducted tinder conditions where 

Xcv seedborne inocula can induce bacterial pustule infections on 

developing seedlings. 

Tomato Spraying with Xcv AV13PS 

This test was conducted because of the failure to induce 

bacterial spot in the seed treatment experiment. Healthy leaves 

of 35-day old tomato plants (Marikit cv) were spray-inoculated at 

15 psi using an electric sprayer, with 48-hr old PS13 culture of 

AV13PS Xcv 4,2 mixed with carborandum dust (0. 5 g/100 ml 

culture). After treatment, sepa, ate plants were inoculated with 

virulent WPS Xcv 12 (1 x 10; cfu/ml) I hr and 2, 4, and 7 days 

after Xcv 42-4 application. Four plants were used per treatment. 

In another set of .similar ex pe rinmnt V IHPS Xc v 42-4 was sprayed 

on the leaves using a hand sprayer instead of the electric sprayer. 

The first set. of experiment (where AVIIPS itioculum plus carbo­

randum dust was sprayed using an electric sprayer) represented 

a situation were the AV!3PS was introduced on injured leaves. 

All plants were covered with plastic bags for 48 hrs then incu­

bated in the greenhouse and observed for bacterial spot development. 

Proper plant management vere followed for the duration of the 

experiments. 
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Results showed that the AVBPS protected (fewer 

hacterial spots) the uninjured leaves only when it was applied 

up to 2 days before inoculation with the WBPS; in injured 

leaves (injured with carborundum dust)the AV13PS provided 

protection on the leaves only when it was applied just before 

inoculation with the WIRPS (Table 25). These observations 

indicate the very limited residual activity of the bacteriocins 

and perhaps the failure of the \V PS to multiply on the leaf 

surface to amply protect the leaves from the \VBPS (see Part IV). 

The data also indicate that spray application of live cells of 

AVBPS may offer very little protection of tomato plants from 

the virulent Xcv. 
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Table 25. Effect of avirulent bacteriocin producer strain (AVBPS)
of X. campestris pv. vesicatoria (Xcv 42-4) applied as 
spray material on tomato (Marikit cv. ) on bacterial spot 
incidence. 

Days after Numbc-/of spots per leaf 3/inoculatiop1 Non-injured - Injured­
with Xcv ­ (13 days) (9 days) 

1 (hr) .8.6 0.3 

2 9.0 15.75 

4 107.4 33.0 

7 85.9 17.15 

Control Xcv 138.4 23.3 

Control, AV13PS 0 0 

1/

Plants inoculated with virulent Xcv.
 

2/ Iocula sprayed 
on plants without pressure. Mean of 16

leaves from 4 plants per treatment.
 

Inocula mixed with carborundum dust sprayed with pressure 
on plants. Mean of 20 leaves from 5 plants per treatment. 

4 
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PART IV
 

SURVIVAL OF AVIRULENT BACTERIOCIN PRODUCER STRAINS OF 
XANTHOMONAS CAMPESTRlS PV. GLYCINES, PV. VESICATORIA, 
AND PV. MALVACEARUM ON SEED AND LEAF SURFACES 

INTRODUCTION 

This part of the project was conducted to determine if the
 

avirulent bacteriocin producer strains (AVBPS) survive on
can host
 

plants of the virulent wild type strains. 
 This is important to know
 

because the effectivity of a biocontrol agent in nature depends 
on its
 

ability to multiply on host surfaces where the target 
virulent pathogen 

maybe present or may land and eventually colonize to initiate disease. 

MATERIALS AND METHODS 

Survival on seed surfaces 

Soy bean (I1PI-SY4 cv), cotton (Deltapine 16 cv) and tomato 

(Marikit cv) seeds were soaked separately in 48 hr old AV13PS 

suspension in sterile water for 10 min. After soaking, the seeds were 

placed in sterile petri plates lined with moist sterile filter paper and 

then incubated at room temperature. The population change of' \V 13PS 

on the seed surface was determined on seed samples taken from the 

plate after 1 hr, and 1, 2, and 3 days after soaking as follows: The 

seed samples were shaken vigorously for 3 main in 10 ml sterile water 

in a test tube) After which the wash water was serially diluted and 
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plated on PSA. The plates were incubated at room temperature and 

observed for AV13PS colonies. When identification of AVBPS colonies 

was in doubt, chloroform treatment and assay for bacteriocin production 

using specific indicator strains were performed. 

Survival on leaf surfaces and in leaf tissues 

The same soy bean, cotton, and tomato cultivars and AVI3PS
 

isolates used in the seed survival test were used in this study.
 

Three week old plants were sprayed with 48 hr old AVBPS 
8 

suspension in ste rile wate r (approx 10 cfu/ml). After spraying, the 

plants were covered with plastic bags to maintain a humid atmosphere 

around the leaves and then incubated in a cool corner of the greenhouse. 

The AVI3PS population was determined on leaf samples taken from 

the plants 1 hr and 1, 2, and] 3 days after inoculation as follows: Three 

1 cm dia leaf samples were taken from each of 3 sample leaves from 

each of 3 treatment plants using a cork borer. The samples from 

each leaf were shaken vigorously for 3 min in 10 ml sterile water in 

a test tube ,aiter which the wvashI water was serially diluted and plated 

on PSA. The plates were incubated at room temperature and observed 

for AVBPS colonies as described above. 

In another set of experiments, the AVIBPS suspension was 

infiltrated into the leaf by using a no. 28 lypodermic syringe. 

Samples were taken from the infiltrated leaves and the population 

of the AVBPS was assayed as described above. 
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RESULTS AND DISCUSSION 

Survival of AVBPS of Xcg on Soybean and Leaf 

On seeds, the population of AVI3PS Xcg 11-9 increased from 

an initial 3.5 x 
4 

10 cfu/ml to 4.1 x 
6 

10 cfu/ml after 3 days. How­

ever, on leaves the iniitial population of 5.4 x 103 cfu/ml dropped 

to zero after the same period (Table 26) (f7ig. 15). These data 

clearly indicate canthat Xcg 11-9 survive and multiply on soybean 

seeds but not on leaves. 

Survival of AVI3PS of Xcn on Cotton Seed and Leaf 

AV BPS Xcm 15-16 increased in number on seeds from an 

initial population of' 2. 6 x 18 c fui ml to 1. 4 x 107 clu/ml after 

3 days. HowCe-e,, on ICaVes, it disapptn(arl after only I day from 

inoculation (T'lale 27). These o)serations suggest ti,,t Nem 15-16 

can survive and multiply on cotton seeds but not on the leaves. 

Survival of' AVIA S of -N(% on Tomato S(ecd ad Leaf 

AX'BPS Xeg -12-4 did not multiply on) either seed or leaf. 

It was not detected otn seeds a fte r 3 d ay s whilc on leaves, it 

disappeared only after on( day fro ins praying. In a separate test 

where Xcv 42-4 was intiroduced into the leaf by thc leaf infiltration 

technique, it was not detected 2 days afte- it introduced 

the leaf (Table 28). 

was t into 
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Fig. 15. Avirulent Bacteriocin Producer' strains (AVIBPS) 
of Xanthonionas campestris pv. gLi (Xcg 11-9) 
from soybean seeds (A) and X. camipestris pv.
malvacearum (Nm 15-16) from cotton seeds (B) 
detected by plating sensitive wild type indicator 
strains. Note the clear inhibition zonesaaround 
AV13PS colonies. 
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Table 26. 	 Survival of AVBPS of X. campestris pv. glycines (Xcg 11-9) 
on soybean seeds and leaves. 

Days after I VBPS population (cfu/ml) 
inoculation1 Seed Leaf surface 3 

0 3.51x 104 	 5.4 x 103 

1051 7.45 x 	 4.7 x 103 

1062 1.75 x 	 2.24 x 102 

1060 4.15 x 	 0 

Seeds were soaked for 10 min in AV13PS suspension then placed on
 
sterile filter paper disc moistened with sterile distilled water in
 
a Petri dish.
 

Leaves of 14-day old soybean plants were sprayed with AVBPS
 
suspension
 

2 Average AVBPS count per seed based on 3 seeds. Figures are 
averages of 2 plates. 

Average A'13PS count per leaf based on 3 leaves from each of
 
3 plants. One-cm dia leaf disc sample per leaflet was used.
 
Figures are averages of 2 plates.
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Table 27. Survival of AVBPS of Xanthomonas carnpestris pv.
malvacearum (Xcm 15-16) on cotton seeds and leaves 

Day after 
AVEPf population (ctu/ ml) 

Leaf surface 3 

inoculation' Seed 2 Spray Injection 
method Hmw-thod 

0 
6

2 . 57 x10 61. 27 x105 1.2 x10 3 

1 2.75 x10 0 0 

2 4.13 x 106 0 0 

3 1. 39 x 10 7 0 0 

1/ 
Seeds soaked for 10 min in AVBPS suspension then placed in 
sterile filter paper disc moistened with sterile distilled water 
in a sterile Petri dish 

2 / 
Average AVBPS count per seed based on 3 seeds. Figures are 
averages of 2 plates 

3/ 
Average AVBPS count per leaf based on 3 leaves from each of 
3 plants. One-cm dia leaf disc sample per leaf was used. 
Figures are averages of 2 plates 

Leaves of 3 week-old cotton plants were sprayed or infiltrated 
by injection with AVBPS suspension. 
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Table 28. 	 Survival of AVBPS of Xanthomonas campestris pv 
vesicatoria (Xcv 42-4) on tomato seeds and leaves 

ABPM population (cfu/ml) 3 
Leaf surface 

Days after Spray Injection
 
inoculation l Seed 2 method method
 

x 1040 1. 56 	 TNC, 102 

x 1031 3.4 	 0 4.78 x 104 

2 5.7x ].02 0 	 0 

3 0 	 0 0 

1/ 
Seeds soaked for 10 min in AVBPS suspension then placed on 
sterile filter paper disc moistened with sterile distilled 
water in a sterile Petri dish 

2/
 
Average AV13PS count per seed 
based on 3 seeds. Figures 
are averages of 2 plates 

3/
 
Average AVBPS 
count per leaf based on 3 leaves from each 
of 3 leaves. One cm dia leaf disc samples per leaflet was 
used. Figures are averages of 2 plates 

Leaves of 3 weeks-old tomato plants were sprayed or infiltrated 
by injection with AVBPS suspension. 
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These data suggest that Xcv 42-4 has very poor survival ability. 

The ability of AVBPS to survive and multiply on seed surfaces 

is a desirable characteristic of a good seed treatment biocontrol 

agent. And this might explain the successful control by seed 

treatment of bacterial pustule of soybean by Xcg 11-9 described in 

Part III of this project. 
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PART V 

EFFECTS OF SEED TREATMENT AND SOIL FUNGICIDES AND
 
INSECTICIDES ON AVIRULENT 
 BACTERIOCIN PRODUCER STRAINS 
OF XANTHOMONAS CAMPESTRIS PV. GLYCINES, PV. VESICA-

TORIA, AND PV. MALVACEARUM
 

INTRODUCTION 

This study was conducted based on a suggestion by a UPLB
 

Research Review Panel who reviewed the progress of the project in
 

February 1989 in connection with the yearly University -wide evaluation 

of on-going research projects of the UPLB Faculty.
 

The objective of the study was to determine whether 
or not
 

fungicides and insecticides that may be used for treating seeds of
 

soybean, cotton, and tomato or as pre-plant soil treatment pesticides
 

would affect the growth of AVBPS which 
can be used as seed treatment 

material for controlling seedborne bacterial pathogens of these crops. 

MATERIALS AND METHODS 

Six fungicides namely Daconil 50 WP, Benlate 50 WP, Dithane 

M-45, Rovral, Arasan, and Captan and four insecticides namely 

Malathion, Decis, Sevin, and Furadan 3 G were used.
 

The undiluted 
formulated fungicides (all were wettable powders) 

and Furadan 3G (granular formulation) were spot seeded on PSA 

plates, freshly inoculated before plating with selected AVBPS. The 

plates were incubated at room temperature and observed for bacterial 

growth (AVBPS) inhibition by the pesticides. 
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The insecticides (with the exception of Furadan 3G) were prepared 

as suspension (Sevin) or emulsion (Malathion and Decis) 10,at 100, 

and 1000 ppm a. i. Filter paper disc (Whatman No. 2, 5 mm dia) 

were dipped into the suspension or emulsion and then placed on PSA 

plates freshly seeded with the test AVBPS. The plates were incubated 

at room temperature and observed for bacterial growth inhibitions 

around the insecticide-impregnated filter paper discs. For comparison, 

virulent wild type strains were similarly tested. 

RESULTS AND DISCUSSION 

The results are summarized in Table 29 and shown in Figures 

16 to 19. Among the test fungicides, only Arasan inhibited the growth 

of X. c. pv. glycines (WBPS Xcg 11). X.c. pv. vesicatoria (WBPS 

Xcv 155) and pv. malvacearum (WBPS 'ecm 11) were inhibited by 

Rovral, Arasan, Captan, and Dithane M-45 but not by Daconil or 

Benlate. 

None of the test fungicides inhibited AVBPS Xcv 42-4 while only 

Daconil and Benlate failed to inhibit AVT3PS Xcm 15-16 and Xcg 11-9. 

The AVBPS Xcg 11-9 was more sensitive to the fungicides than its 

parent virulent WI3PS Xcg 11 as it were inhibited not only by Rovral 

but also by Arasan, Captan, and Dithane M-45. 

All the 3 WBPS test isolates were not affected by the insecticides 

except the WBPS Xcv 155 which was inhibited by Sevin. The AVBPS 

(Xcv 42-4 and Xcm 15-16) apparently were more sensitive to the 

insecticides than the wild type strains. 
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Table 29. 	 In-vitro growth inhibition of virulent wild types and avirulent
 
bacteriocin 
producer strains (AVBPS) of X. campestris pv.
glycines (Xcg), pv. vesicatoria (Xcv) and pv. malvacearum 
(Xcm) by various pesticides. /­

2/ Wild Type Isolates AV BPS
 
Treatments Xeg 11 
 Xcv 155 Xem 11 Xcg 11-9 Xcv 42-4 Xcnl5-16 

(Sqybean) (Tomato) (Cotton) (Soybean) (Tomato) (Cotton) 
/ 

A. Fungicides 

Daconil - - / 

Benlate - - / 

­

-

Rovral A / / / / A 
Arasan - / t t A t 
Captan - / / / A / 
Dithane V-45 - / / / 

13. Insecticides 

Furad an 3 /
 

Malathion 4 /
 
10 ppm -....
 

100 ppm -... A/
 
lO00Oppm - - - -A
 

4 /
 
Decis
 

10 ppm - - - ­
100 ppm - - - A
 
l000ppm - - - -


Sevin3/ 	 ­

!/Data based on 3 plates per treatment recorded 48 irs after incubation. 

- = no growth inhibhition; A with growth inhibition 
2/Daonil chlorothalonil 

enlate - henom'y I
 
Rovral - iprodione
 
Arasan - thiram
 
Captan - captan
 
Dithane M-45 - mancozeb or manzeb
 
]u radan - c ;.-ro f ran
 
Malathion - malathion
 

3/UndiUtCd formulated chemical spot-seeded on PSA plates freshly seeded 
with test isolates. 

4/VFilter 	paper, disc impregnated with chemical planted on PSA plates

freshly seeded with test isolates.
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Fig. 16a. Virulent wilt type X. campestris pv. glycines 
(WBPS Xcg 11), 

Fig. 16b. X.c. malvacearum (WBPS Xcm 11), and 
Fig. 16c. K.c. vesicatoria (WBPS Xcv 155) growing on 

PSA plates with filter paper discs 
impregnated with various concentrations 
of insecticides: 1) 10 ppm Malathion, 
2) 100 ppm Malathion, 3) 1000 ppm Malathion, 
4) 10 ppm Decis, 5) 100 ppm Decis, 
6) 1000 ppm Decis and 7) Sevin (actual material) 
Note: no growth inhibition. 
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Fig. 17a. Avirulent bacteriocin producer strain (AVBPS) 
of X. campestris pv. glycines (Xcg 11-9), 

Fig. 17b. AVBPS of X. c. pv. malvacearurn (Xcrn 15-16), and 
Fig. 17c. AVBPS of X.c. pv. vesicatoria (Xc 42-4) growing 

on PSA plates seeded with various pesticides: 
1) Daconil, 2) Benlate, 3) Rovral, 4 ) Furadan, 
5) Arasan, 6) Captan, and 7) Dithane M-45. 
Note: zones of growth inhibition around some 
pesticides. 
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Fig. 18a. Avirulent bacteriocin producer strains (AVBPS) 

Fig. 18b. 
of X. campestris pv. glycines (Xcg 11-9), 

AVI3PS of X. c. pv. malvacearum (Xcm 15-16), and 
Fig. 18c. AVBPS of X.c. pv. vesicatoria (Xcv 42-4) growing 

on PSA plates with filter paper discs impregnated 
with various concentrations of insecticides: 
1) 10 ppm Malathion, 2) 100 ppm Malathion, 
3) 1000 ppm Malathion, 4) 10 ppm Decis and 
7) Sevin (actual material). Note: zones of 
growth inhibitions. 
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Fig. 19a. Virulent wilt type X. campestris pv. glycines 

Fig. 
Fig. 

19b. 
19c. 

(WBPS Xeg 11), 
X.c. pv. malvacearum (WBPS Xcm 11), and 

X. c. pv. vesicatoria (WBPS Xcv 155) growing 
on PSA plates seeded with various pesticides: 
1) Daconil, 2) Benlate, 3) tovral, 4) Furadan,
5) Arasan, 6) Captan and 7) Dithane M-45. 
Note: Zones of growth inhibition. 
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The data suggest that the survival of AVBPS may be adversely 

affected by fungicides and insecticides used as seed treatment or 

spray pcsticides. The implication of this observation is that if the 

AVBPS will be used as a seed treatment or spray bio-pesticide it 

would be important to consider its compatibility with commonly used 

seed treatment or spray pesticides. 
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SUMMARy AND CONCLUSIONS 

Bacterial pustule of soybean, angular spot of cotton, and
 

bacterial spot of tomato are 
among the most destructive plant diseases 

in the humid tropics. Their causal bacteria, respectively, Xanthomonas 

campestris pv. glycines, pv. malvacearum, and pv. vesicatoria have 

quite specific host ranges and are seedborne. For this reason, in the 

field, these diseases almost always start from contaminated seeds. 

The use of disease-free seeds or decontaminated seeds (by physical or 

chemical treatment) is among the most important control measures 

for these diseases.
 

Tn less developed countries 
of the world like the Philippines, 

di ,c '.se-free seeds are often impossible to get. Similarly, decontami­

nating seeds by physical or chemica. treatments is either not effective 

or not practical, or expensive to apply. Besides, the use of chemical 

pesticides by and large is not ecologically sound. 

Bacteriocin are 'highly specific non replicating bactericidal 

protein-containing substances produced by bacteria that kill other 

strains of the bacteriocin producer or its closely related species". 

The project explored the possibility of using avirulent bacteriocin 

producing strains (AVI3PS) pv.of the virulent wild type X. campestris 

_glycines (Xcg), pv. malvacearum (Xcm), and pv. vesicatoria (Xcv) 

as seed treatment or spray biopesticide as an alternative to the 

physical and chemical methods of controlling the diseases they induce. 

Specifically live AVBPS cells were used as seed treatment materials 

to reduce seedborne inocula of Xcg, Xcm, and Xcv with the objective 
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of suppressing initial disease and thereby, limiting disease severity 

and losses. 

A survey for bacteriocin producing strains of Xcg, Xcm, and 

Xcv collected from 50 municipalities/cities representing 18 provinces 

of the Philippines showed that 48% of Xcg, 45% of Xcm, and 6% of 

Xcv wild type strains were bacteriocin producers. Sensitivity of 

indicator strains varied among producers strains. The most potent 

wild type bacteriocin producer strain of Xcg had 33% (based on 75 

strains) indicator strains while that of Xcvr and Xcm had 44% (based 

on 147 strains), and 9% (based on 22 strains), respectively. There 

were cross reactions in bacteriocin sensitivity of indicator strains in 

the 3 pathovars indicating their close relationships. 

The AVBPS were produced from selected virulent wild type 

bacteriocin producer strain, "WBPS) by nitro.:oguanadine (NG) and 

acridine orange (AG) mutageneses. Xcg AVI3PS were induced by NG 

but not by AO while both Xcv and Xcm AVI3PS were induced by AO 

but not by NG. The AV13PS of Xcg, Xcrn, and Xcv were all non­

pigmented and possessed similarly colony morphologies. They 

retained their avirulent and bacteriocin producing characters even 

after more than one year of weekly culture transfers in nutrient media. 

The bacteriocins of some of the AVI3FS had wider activity spectra 

and more effective than their parent wild type strains. Cross 

reactions among AVBPS and virulent wild type indicator strains were 

also observed. 

In two field trials on soybean with AVBPS of Xcg used as seed 

treatment material for Xcg-naturally infected seeds, seed yield 
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increased by 37 to 62% due to the suppression of initial disease (bacte­

rial pustule) by the AVBPS treatment. In cotton, 2 field trials with 

AVBPS of Xcm or Xcg similarly used as seed treatment material or 

Xcm-artificially or -naturally infected seeds, per cent disease control 

based on per cent population affected by angular spot was from 74 to 

79%. However, in tomato the seed treatment experiments were not 

successful because of the failure of seedborne Xcv (artificially inocu­

lated or naturally infected seeds) to induce bacterial spot on tomato 

seedlings. 

In greenhouse trials where the AVI3PS were sprayed on tomato 

before inoculations with a virulent wild type strain, bacterial spot 

development was not significantly controlled. Similar results were 

observed in trials with AVBPS of Xcg and Xcm (data not shown in 

report). 

The AVBPS of Xcg and Xcm multiplied on seed surfaces but not 

on leaves of soybean and cotton, resrectively. This will explain the 

successful field control of bacterial pustule of soybean and angular 

spot of cotton by seed treatment with the AV3PS of Xcg and Xcm, 

respectively; presumably the AVBPS suppressed initial disease from 

seedborne inocula of Xcg and Xcm. On the other hand, unsuccessful 

disease control by foliar application of AVBPS may be attributed to 

inability of the AVI3PS to multiply and survive on leaf surfaces and 

in leaf tissues. However, since such failure could be a simple 

question of bacteriocin concentration on the leaf surface it would be 

interesting to find out whether or not foliar applications of isolated 

bacteriocin preparations from either the AVBPS or WBPS will control 
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the diseases. 

The AVBPS and wild type strains including the AVBPS parent 

strains, differ in their sensitivity to pesticides that are commonly 

used as seed treatment (e.g. Thiram, Captan, Malathion, Pyrethrin), 

soil treatment (e.g. Carbofuran, Iprodione) or foliar spray (e. g. 

Benomyl, Chlorothalonil, Mancozeb, Malathion, Pyrethrin) sugge-ting 

that the kind of pesticides that are used on the tai-get crops of the 

AVBPS may adversely affect the degree of disease suppression. 

Another problem in the use of the AV3PS in controlling Xcg, 

Xcm or Xcv is the biocidal specificity of the bacteriocins they produce. 

It is clear from the data that no single AVI1PS is active against all 

virulent wild type strains. Theoretical,y,. typing isolates of AVBPS 

c'an be produced and formulated as hiupesticide to cover all wild type 

strains of a particular bacterial pathogen. Rut whether or not this is 

in fact feasible remains to be determined. Nevertheless, for specific 

geographic areas where a dominant virulent wild type bacterial 

pathogen strain occur, a single AV13PS active against such a strain 

can be effectively used. 

The project has generated sufficient benchmark information that 

define the potential of AVBPS for the biological control of seedborne 

bacterial pathogens particularly the pthogens of bacterial pustule of 

soybean and angular spot of cotton. The findings, however, open 

more research challenges in so far as the prospects of commercial­

izing the technology for farmer's use in the countryside/of less 

developed countries. 



105 

LITERATURE CITED 

1. KERR, A. 	 and BRISBANE, F.G. 1983. Agrobacterium. 
p. 27-44. In Flant Bacterial Diseases (Eds. P.C.
 
Fahy and G.J. Persley) Academic Press, New
 
Y o rk.
 

2. NCMURA, M. 1967. Ann. Rev. Microbiol. 21: 257-284. 

3. VIDAVER, ANNE K. 1976. Ann. Rev. Phytopathol. 14: 451-465. 

4. MATSUO, N. et. al. 1981. Ann. Phytopath Soc. Japan 47: 571­
574. 

5. IVIEW, T.W. et. al. 1982. Thytopathology 72.J)46 (Ahst. 131). 

6. 	 Zhu Zhe Da. 1984. Al.S. thesis. Univ. of the Philippines
 
at Los Bafios 90 pp.
 

7. BRADLEY, D.E. 1967. I3acteriol. Rev. 31: 230-314. 

8. 	 KONISKY, J. 1978. IBacteriocins. pp. 71-136. In The
 
l3acteria - a treatise on structure and function.
 
Vol. 6. (Eds. L. N. Ornston and J. R. Sokatch. 
Academic Press, New York. 

9. DAS, P. K., 3ASU, JU. M. and CIIATTERJEE, G.C. 1978. 
J. Antibiot. 31: 490-492. 

10. 	 ITOH, Y., IWATA, T., IZAKI, K ., and TAKAHASHI, N. 
1981. J. Gen. Appl. Microbiol. 27: 239-252. 

11. 	 MUIIY, P.J. and iOB]'liTS, W.P. 1979. J. Gen. 
Microbiol. 114: 207-213. 

12. GRIMM, 	 R. and SULE, S. 1982. In Proc. Fifth Int'l. Conf. 
Plant Pathogenic Bacteria. Cali, Columbia, 
531-537. 

13. HTAY, K. and KERR, A. 1974. A. Appl. Bacteriol. 37: 
525 -530. 

14. KERR, A. 1972. J. Appl. Bacteriol. 35: 493-497. 

15. 	 GARRET, C.M.E. and FLETCHER, D.A. 1983. Report 
East Malling Res. Stn. for 1982. In 1983 RPP: 
327. Abst. 3576. 



106 

16. REEVES, P. 1979. Zentralbl. Bakteriol. 244: 78-89. 

17. MOORE, L.W. 1975. In Proc. Ann. Meeting. Ame-ican 
Phytopath. Soc. No. 157. 

18. BOUZAI3, fl., MOOllE, L.W., and SCIJAAD, M.W. 1983. 
Plant Disease 67: 310-312. 

19. 	 LOPEZ, M.M., XIIT(3, 1., OtRIVE, 1., TEMPI ANO, F., 
and POLl, A\l. 1982. In Proc. Fifth Int'l Conf. Plant 
Pathogenic B~acteria. Call., Columbia, 538-548. 

20. CTIEN, W., I-CIIANDI, E., and SPURHi, JR. I. NV. 1982. 
In Proc. Fifth Int'l. Conf. Plant Pathogenic Bacteria. 
Cali. Columbia. 482-492. 

21. ECItIANDI, h-. 1975. In Troc. Ann. Meeting. American 
Phytopath. Soc. No. 154. 

22. B 	 13 , S. \. 1981. Abst. Acta ITor tic. 117: 123. 

23. 	 TIAAG, V. L., and \.lDAVI,- , A.K. 1974. Antimicrob. 
Agents Chemother. 6: 76-83. 

24. VI1)DA\I, ANNEIK. 1983. Plant Disease 67: 471-475. 



107 

APPENDIX: PUBLICATIONS FROM THE PROJECT 



108 

1. 	 In Abstracts of papers for the 18th Anniversary and annual 
convention of the Pest Control Council of the Philippines. 
May 5-8, 1987, Davao City, Philippines. 

INDUCTION AND ISOLATION OF AVIIJULENT BACTERIOCIN-
PRODUCING MUTANT OF XANTHOVIONAS CAMPEST13IS PV. 
GLYCINES 

A. J. Quirnio, A. K. Raymundo, V. G. Cadiz, A. G. Coroza 
and A.C. Cueto 

A bacteriocin producing X. campestris pv. glycines 
(Xcg 11) strain active against pathogenic X. campestris pv. 
glycines and pv. vesicatoria were exposed to N-methyl-N­
nitro- N-nitrosoguanidine (NG) at different periods. The 
isolate was obse rved to be sensitive to 0. 01 mg/ml NG at 
10 	minutes resulting to !99. 92" kill. Of the colonies that 
survived the treatment, 10 ; retained the ability to produce 
bacteriocins. These isolated mutants (Xc 11-9, Xcg 11-5, 
Xcg 11 -11) lost the yellow pigmentation, mucoidal properties 
and virulciwe on soybean plants typical of the wild type strain. 
Assay of' bacteriocin production against 20 pathogenic X. 
campestris pv. 2,Lycines and 30 pathogenic X. campestris pv. 
vesicatoria indicated that all the pathogenic indicator strains 
can be controlled by the mutants. The bacteriocins of the 
mutants were also more potent producing larger inhibition 
zones than those of' tleir parent wild type bacteriocin 
producer strains. The non-pig mented, non-mucoidal and 
avirulent characteristics of these mutants were rct, ined 
even after the cells were grown for several generations in 
a rich medium. This indicates the stability of' the mutants 
and their potential as biological control agents against 
pathogenic X. campestris pv. glycines and X. camipestris 
pv. vesicatoria. 
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2. 	 In Abstracts of papers for the 18th Anniversary and annual 
convention of the Pest Control Council of the Philippines. 
May 5-8, 1987. Davao City, Philippines. 

ISOLATION OF BACTERIOCIN- PRODUCING STRAINS OF 
XANTHOMONAS CAMPESTRIS PV. GLYCINES, 
X. CAMPESTRIS PV. VESICATORIA AND X. CAMPESTRIS 
PV. MALVACEARUM 

A.J. Quimio, A.K. Raymundo, A.G. Coroza, A.C. Cueto 
and V.G. Cadiz 

A total of 290 strains of putative Xanthomonas campestris 
pv. glycines (Xcg 96 strains), p%,. vesicatoria (Xcv 147 strains) 
and pv. malvacearum (Xcm 22 strains) were identified by patho­
genecity to their respective host plants - soybean, tomato and 
cotton and their characteristic morphoiogy on modified Silva-
Buddenhagen medium and peptone sucrose agar (PSA). These 
strains isolated from over 400 diseased specimens collected 
from 43 municipalities and 8 cities in 17 provinces of the 
Philippines were assayed for bacteriocin production. 

About 	40. 6%, 27. 2% and 45. 4% resix'ctively of Xcg, 
Xcv and Xcm isolates produced hacteriocins. In Xcg, 5% of 
the bacteriocin produce rs were active against 31, 58. 9% 
against I anl 17. 9, against 2 indicator isolates. In Xcv, 
25% of the producer strains were active 41, 5% against 1, 
2. 5% 	 against 2 and another 2. 5% against 4 indicator isolates. 
In Xcm, all the producer strains were actively against only 
2 indicator strains. 

The data indicate that bacteriocin producer strains 
are not common in Xanthomonas campestri.0 pathovars 
glycines, vesicatoria and malvacearum and the bacteriocins 
produced by a few strains generally had a narrow spectrum 
of activity. 
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3. In Abstracts of Papers presented at the 5th International 
Congress of Plant Pathology p. 107, Aug. 20-27, 1988 
Kyoto International Conference Hall, Kyoto, Japan. 

2-48 
BIOLOGICAL CONTROL OF 13ACTERIAL PUSTULE OF 
SOYBEAN WITH AVIRULENT 13ACTERIOCIN PRODUCER 
MUTANT OF XANTIIOMONAS CAMPESTRIS PV. GLYCINES 

A. J. Quirnio and A. K. Raymundo, Department of Plant 
Pathology, U.P. at Los Bafios, College, Laguna, Philippines 
3720 

An avirulent bacteriocin producer dry white colony -
mutant (ABPM) produced artificially by nitrosoguanadine 
mutagenesis from a wild type bacteriocin producer- strain 
of X. campestris pv. glycines (Xcg) was used to control 
soybean bacterial pustule. Soybean needs naturally
infected with Xcg soaked for i2 hr in peptone sucrose 
broth (PS13) culture of :\3PP/ before planting in the field 
had 1. 6% of the plant population infected with pustule
compared with 38. 47 of the cont rol; all Xcg isolates from 
the control were sensitive to the AI3PM indicating they 
were escapes. It had the same strain-spectrum indicators 
as its wild type parent but more effective. It did not revert 
to virulent form after more than one year of frequent
transfer on PSB or PSA. It was not recovered on leaves 
3 days after introduction. On seeds its population increased 
by 148 folds after 3 days. Data indicate the potential of 
AI3PM for the biological control of soybean bacterial pustule. 



4. 	 In Proceedings 7th International Conference on Plant 
Pathogenic Bacteria, June 11 to 17, 1989, t]udapest,
 
Hungary.
 

BIOLOGICAL CONTROL OF SEEDBORNE BACTERIAL 
PATHOGENS WITH AVIRULENT 3ACTERIOCIN PRODUCER 
MUTANTS
 

Quimio, A. J. (Dept. of Plant Pathology, Univ. of the 
Philippines at Los Banos, College, Laguna 4031 Philippines) 

Avirulent bacteriocin producer mutants (ARIPM) of 
Xanthomonas campestris pv. glycines (Xcg) and pv. 
malvacearum (Xcm)artificially produced by nitroso­
guanidine and orange G mutagenesis of wild type virulent 
bacteriocin producer strains, respectively, were used as
 
seed -dip treatment material for the biocontrol of bacterial 
pustule of soy bean and bacterial blight of cotton. In field 
trials, plants from Ncg,-naturally in fected soybean seeds 
soaked overnight in PSI3 culture of ABiPM-Xcg before 
sowing, had lower infection index and higher seed yield
(31 	 to 62% higher) than Lle unt reated controls. In similar 
experiments, plants from cotton seeds artificially inoculated 
with virulent Xcm before the seed-dip treatment with ABPM-
Xcm had significantly lower (10,%) diseased plants than the 
untreated controls (39%). Both A\BPM-Xcg and AI3PM-Xcm 
were stable in the laboratoiy, and multiplied well on their 
respective host seed surfaces but not on leaf' surfaces. 
The data indicate the potential of artificially produced
ABPM as selective biocontrol agents for seedborne bacterial 
pathogens. 


