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Abstract 

Thirty isolates of Pseudomonas syringae pv. phaseo/icola (Burkholder, 
1926) Young. Oye, and Wilkie, 1978 (ISPP List 1980), from Colombia were 
Mparated into race 1 and 2 on the baaia of their pathogenicity for Phaseolus 
vulgafls cv. Red Mexican Ul-3. Race determination waa basad on both leaf 
and pod reaction. Standard isolates of race 1 and 2 were uaed for 
compariaon. Twenty Pasto isolatea were claasified aa race 2, whereas 7 
isolates from Popay6n. 1 from Palmira, and 2 from T anarlfa wara idantified a a 
raca 1. 

Tha isolatas wara also classifled in their ordar of virulanca. by tha diametar 
of watarsoaking lesiona cauMd on poda during a pariod of 6 days on cultivara 
Saminola, G. N . Nabraska #1 Sal 27, and Wisc HBR 72 upon inoculation 
using a needle. The most virulent isolates were from Pasto. Cultivar Wisc 
HBR 72 (with high foliar rasistance) had a susceptible pod raaction (mean 
lesion diamater 3.1 mm; dispersion 0.6-6.3 mm) comparable to tha 
susceptible cultivar Seminola (mean leslondiamater 2.8 mm; diaparsion 0.6-
4.8 mm). G. N. Nebraska #1 Sal 27 hada mean lesion diameter of 1.8 mm 
and a disparsion between 0 .4 and 2 .8 mm. The order of the isolates in 
virulence was similar in all thrae cultivara and gave a corralation coefficient of 
0 .87 batween tha 3 cultivara. 

1 ntrod uction 

Halo blight of beans (Phaseo/us vulgaris L.) incited by Pseudomonas 
syringae pv. phaseolico/a (Burkholder, 1 926) Young, Oye and Wilkie, 1978 
(ISPP List 1980). is one of the bacteria! diseases responsible for low bean 
yields in some of the bean growing regions (4). Occurrence of the disease 
has been reported in Africa, Australia, Canada. Europa, Latin America, 
New Zealand and United S tates (23, 24, 32). In Latin America the disease 
occurs in bean growing areas with moderate temperaturas such as in some 
regions of Brazil (2), Chile (7), Colombia (31) and Guatemala (31 ). 

Pathogenic variation in Ps. syringae pv. phaseolicola was for the first 
time demonstrated by Jens~n and Livingstone (12). In 1964, Walker and 
Patel (29) reported the existence of 2 races (race 1 and race 2) in the United 
States. Their race distinction.was basad on bean cultivar 'Red Mexican Ul 
3' which is resistant to race 1 but susceptible to race 2. Since then, reports 
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on the occurrence of the two races in different countries have been 
documented (1 , 8 , 1 O, 17, 21, 30). Coyne et al. (5) in 1979 reportad a more 
virulent strain than the previously reportad race 2 ofWalker and Patel (29). 
However, Schroth et al. (19) in 1971, suggested that, there exist many 
strains of Ps. syringae pv. phaseolicola with varying degrees of virulence. 
They also found that isolates of neither race 1 nor race 2 were homogenous 
with respect to virulence when tested on certain varieties.ln 1979, Szarka 
and Velich (26) also observed that, Ps. syringae pv. phaseolicoltJ does not 
consist of two races only but of a series of strains which can be ranged by 
their increasing pathogenicity. 

The aim of this study was to determine the pathogenic variat ion and 
virulence of Ps. syringae pv. phaseolicola collected from selected bean 
growing regions of Colombia. 

Materials and Methods 

Sources. lsolation. and Verification of lsolates 

Thirty isolates collected from some regions (Palmira, Pasto, Popayán, 
and Tenerife) of Colombia were used in these studies. In addit ion. race 1 
and 2 isolates received from Dr. D. Hagedorn (University of Wisconsin), 
isolates HB 16 from Dr. M. L . Schuster (University of Nebraska), and 
isolate OHB from Dr. S . V . Beer (Cornell University) w ere inc luded for 
comparison (Table 1 ). 

To isolate·bacteria from the host, lesions and parts bordering them were 
cut from leaves of naturally infected plants. They were surface steri llzed 
with 0.5% sodium hypochloride for 2 m in rinsed twice with steri le distilled 
water and comminuted in a test tube containing sterile disti lled wat€r. The 
bacteria suspension was streaked on nutrient agar (beef extract. 3 g; 
peptone (Difco), 3 g; agar (Difco) 15 g; and distilled water, 1000 mi), and 
incubated at 27° C. 

Cultures were purified by a series of single colony transfers and then 
verified as Pseudomonas syringae pv. phaseolicola by biochemical and 
pathogenicity tests (14). These included colony morphology, fluorescent 
pigment production on King's medium B (13), oxidate test, levan 
production, catalase reaction, production of hydrogen sulph ide, arginine 
dihydrolase test, and pathogenicity test on susceptible bean cultivar 'Red 
Kidney' . The isolates w ere maintained on nutrient agar slants at 4°C and 
also in lyophihzed form. 

Seed Source 

Seed of all bean cultiva rs and lines used were obtained from the Sean 
Pathology and the Genetic Resources Sections of Centro Internacional de 
Agricultu ra Tropical (CIAT). Seed mcrease was made from sinpre plant 
selection. Plants were grown in the greenhouse in 15 cm pots comarning a 
mixture of soil and sand (5:1) which had been sterilzed prevrously. Two to 
three plants were grown per pot. 

lnoculation Procedures 

In all inoculations, bacteria! suspensions (¡.¡ere prepared from 48 h old 
cultures, grown on yeast dextrose calcium carbonate agar (YDC) medium 
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Table 1. Source, host, and identifications of the Pseudo monas syringae pv. phaseo
Jicola isolates . 

Source 

Popayán (Colombia) 

Popayán (Colombia) 

Tenerife (Colombia) 

Palmira (Colomb ia) 

Pasto (Colombia 

Dr. Hagedorn (Univ. of 

Wisc . USA) 

Dr. Schuster (Univ. of 

Nebraska, USA) 

Dr. S.V. Beer (Cornell 

Univ. USA) 

Host 

Phaseolus coccineus 

P. vulgaris 

P. vulgaris 
P. vulgaris 

P. vulgaris 

P. vulgaris 

P. vulgaris 

P. vu/garis 

1 denti ficat i on 

CBP-177, PC-2, PC-3 

PC-4, PC-5, PC-6 

CBP-178 

CBP-172, CBP-173 

CBP-176 

PPP-1, PPP-2, PPP-3 

PPP-4, PPP-5, PPP-6 

PPP-7 , PPP-8, PPP-11 

PPP-12, PPP-13, PPP-14 

PPP-15, PPP-16, PPP-17 

PPP-18, PPP-19, PPP-20 

PPP-2 1, PPP-22 

CBP-19 6 (Race 1), 

CBP-197 (Race 2) 

HB-16 

CBP-19 8 (OHB) 

(yeast extract (Difco), 1 O g; dextrosa (Difco), 20 g; CaCo 3 , 3.5 g; agar (Difco), 
20 g; and distilled water, 1000 mi) . The suspension was then adjusted 
turbidimetrically using a spectronic 20 calorimeter (Bausch and Lomb Co.) 
to a concentration of 5 x 107 colony forming unlts (CFU) per milliliters. 

Leaf reaction of bean cult ivars was determinad by using the water
soaking method as dascribed by Schuster (20). The abaxial surta ce of either 
young unifoliate laavas or half-axpanded first trifoliate leaves was sprayed 
w ith tha bacteria! suspension using a de Vilbiss atomizar attachad toa 
compressed airline at 15 psi , until watar-soaking appaarad. Plants ware 
kept in the cool part of the greenhouse whara temperaturas averaged 
22°C. 

Pod raaction was determinad using tha naedle inoculation method (11 , 
18. 25, 28). Young growing green pods wera used. A sterile needla was 
dipped into the bacteria! suspansion and than insertad at different points 
(3-5) along the pod's legth. The latter were placed in 250 mi Erlenmeyer 
flasks containing a small amount of distilled water and loosely plugged at 
the mouth with cotton wool to create a hum id condition. The contents were 
left at room temperatura (22 to 25ó€) for 5 days. The diameter of water
soaking raaction around the point of. inoculation was measured with the 
use of a stereoscope. Resistance was defined as the appearance of necrotic 
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spot at the point of inoculat1on. Fifteen to 30 readings were made for each 
isolate per cultivar. The experiment was repeated twice. 

Seed moculation was made by partial vacuum using a modif1cation of 
Goth 's method (9). Seeds m muslin bags were submerged in a bacteria! 
suspension in a glass dessicator connected to a vacuum suction pump. 
They were then exposed to a partial vacuum of 415 mm of mercury for 5 
minutes. after which. the negativa pressure was released suddenly. The 
seeds were air-dried at room temperatura for 3 days and then planted and 
grown in the growth chamber where temperatura was maintained at 20°C. 

Results 

Biochemical Tests 
On the basis of biochemical and pathogenicity tests, the isolates 

collected and isolated, were identified as Pseudomonas syringae pv. 
phaseollco/a. On King's medium B. the cultures produced a diffusible 
fluorescent pigment. they causad levan formation on nutrient agar 
containing 5% (W N) sucrose. gave positiva cata fase test, negativa oxidase 
test, negative arginine dihydrolase test and did not produce hydrogen 
sulphide gas from nutrient broth. All the isolates were pathogen ic when 
inoculated on to susceptible bean cultivar Red Kidney. 

Race Determination and Pathogenicity Tests 
Race determination was performed by inoculation of individual isolates 

on leaves and excised pods of cultivar Red Mexican Ul3, which is res1stant 
to race 1 but susceptible to race 2 (15). Cultivar Seminole was used as a 
susceptible (1 0) control and lines G. N. Nebraska #1 Sel 27 and Wisc HBR 
72 resistant and highly resistant respective! y to race 1 and 2 (16) were also 
included. Seed inoculat1on by partial vacuum was also used for 
comparison. A large amount of water-soaking at the site of inoculation 
indicated a susceptible reaction. Systemic chlorosis causad by toxin 
translocation was noted. Plants were rated as resistant if they snowed 
brown necrotic lesions with some traces of water-soaking at the s1te of 
inoculation. This is the type of resistance referred toas tolerance bv Patel 
and Walker (15). A highly resistant reaction wasonewhere plants showed 
a brown necrotic (hypersensitive) reaction on the point of inoculation w1th 
no water-soakmg. 

All isolates except CBP 176 were pathogenic to cultivar Seminole. Large 
amount of water-soaking appeared on inoculated leaves 5 to 7 days after 
inoculation and some of the plants developed systemic chlorosis. The 
isolates that mduced brown necrotic lesions on Red Mexican Ul 3 were 
classif1ed as race 1, but those that mc1ted water-soaKmg were regarded as 
race 2. Twenty Pasto isolates were found to be race 2 whereas 7 isoiates 
from Popayán, 1 from Palmira, and 2 from Tenerife belonged to race 1 
(Table 2). Corresponding pod inoculation gave sim1lar results of race 
characterization. However, isolate CBP 172 reacted .. ~ race 1 on plant 
inoculation but race 2 on pod inoculation .. 

The line G. N. Nebraska # 1 S el 27 was resistant (t rant) to all race 1 
isolates and most of the race 2 isolates. However, some Pasto isolates (PPP 
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Table 2. Race determination of 30 isolates of Pseudomonas syringae pv. phaseoli· 
co!l1 from Colombia based on their pathogenicity to bean (Phaseolus vulgaris L.) 
cultavar "RED MEXICAN Ul-3". 

lsolates 

CBP-177, PC-2 ·-
PC-3, PC-4, PC-5, PC-6 

CBP-178 

CBP-172 

CBP-173 

CBP-176 

PPP-1, 2, 3, 4, 5, 6, 7 , 8 , 
11 , 12, 13, 14, 15, 16 
17; 18, 19, 20, 21, 22 

a = not tested 

Origin Host 

Popayan P. coccineus 

Popayan P. coccineus 
Popayan P. vulgaris 

Tenerife P. vulgaris 

Palmira P. vulgaris 

Pasto P. vu/garis 

Race determination 

Plant Pod 

_a 

1 

2 

2 2 

7. P.PP 18, PPP 20) incited a susceptible water-soaking reaction without 
any sustemic chlorosis. The line Wisc HBR 72 showed the h ighest degree 
of resistance for leaf reaction to all isolates testad. However, the line 
showed a susceptible pod reaction . 

Most of the seeds of the cultivar Seminole inoculated by partial vacuum 
disintegrated in the soil whereas the controls (seeds inoculated w ith 
distilled water) germinated and grew normally. Cultivar Red Mexican Ul 3 
was resistant to race 1 isolates. Most of the race 2 isolates causad water
soaked lesions on the cotyledons, stems, and leaves. Plants were stunted 
and sorne of them showed systemic chlorosis. 

Virulence Determination 
Szarka and Velich (26) observad that virulence of Pseudomonss syringse 

pv. phsseolicola can be characterized by the diameter of water-soaked 
spots around the point of inoculation. In our studies, cultivar Seminole was 
used to determine the variation in virulence among the collected isolates. 
The lines G. N. Nebraska #1 Sel. 27, Wisc HBR 72, and Red Mexican Ul 3 
were also used for comparison. 

The mean diameter and range of the water-soaked spots for each cultivar 
are presentad on Table 3. The line Wisc HBR 72 (with high foliar resistance) 
had susceptibility as comparable to that of Seminole. The frequency 
distribution of the isolates on the basis of mean diameter of water-soaked 
spots of the 4 lines is shown in Figure 1. lsolate PPP 20, had the highest 
mean diameter value, followed by PPP 18, PPP 16 and PPP 22. The order 
(high to low) for most of the isolates:·in virulence was similar in the lines 
G. N. Nebraska #1 Sel 27, Wisc HBR 72 and Seminole. A high correlation 
coefficient (r) between the lines on the order of isolates virulence with 

345 



Table 3. Average diameter and range (mm) of watersoaked spots induced by 30 
isolates of Pseudomonas syringae pv. phaseolicola on pods of 3 tested bean (Phaseo
/us vulgaris L.) lines. 

Line 

Average 

Range 

12 

11 

10 

9 

8 

> 7 
o 
e: 
Q) 
::J 6 
~ 

u. 
5 

4 

3 

2 '-

o 
0.1 

G. N. Nebraska No. 1 Seminole 

1 

1 .0 1.1 

Sel27 

1.9 2.8 

0.4 . 2.8 0.5 . 4.8 

1.5 1.6 2 .0 2.1 2.5 2.6 3.0 3 .1 

Mean diameter (mm) ot water-soaked spots 

Wisc HBR 72 

3.1 

0.5 . 5.3 

1 
·" 3.5 3.6 4 .5 

Fig. 1 . H1stogram show ing frequency distribution of 30 isolates of P. syringae pv. 
phaseollco/a 1n relation to diameter of watersoaked spots caused on 4 bean 
(Phaseolus vulgaris l.) lmes. 

respect to the means of the diameter of water-soaked spots was observad 
(Table 5). 

The virulence of the isolates varied in:jwo ways . . !;,ome of the isolates 
were more (or less) virulent than others on the 3 line" so late PPP 20 was 
consistently more virulent than isolates PPP 12 (F1gure 2). This type of 
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variation was observad with most of the isolates. But, virulence of other 
isolates depended on the cultivar, isolate PPP 22 was less virulent that 
isolate PPP 18 on the line G. N. Nebraska #1 Sel 27 but was more virulent 
on W isc HBR 72. These types of variations were observad both within and 
between the isolates of the 2 races identified (Figure 2). 

o 
o. 
"' "O 

5 

~ 4 ., 
o 
! 
Q) 

¡;; 
~ 3 
o 
e 
E 
«; 2 
ii 
E 
"' o 

0~--------~----------~----------~-----
G.N. Nebraska 

#1 Sel 27 
Seminole Wisc HBR-72 

1 = ppp 20 
2 = ppp 22 
3= PPP16 
4 = PPP18 
5 = PPP12 
6 = CBP 177 
7 = PC2 
8 = CBP 197 
9 = CBP 198 

10= PC 3 

o = Race 1 
•= Race 2 

Fig. 2. Variation in diameter of watersoaked spots on pods of 3 bean (Phaseolus 
vulgaris L) lines inoculated w ith isolates of P. syringae pv. phaseolico/a. 

Discussion 

The resistance of the line G. N. Nebraska #1 Sel 27 to races 1 and 2 of 
Pseudomonas syringae pv. phaseolicola was previously reportad by Coyne 
and othars (6). But the water-soaking reaction incitad by sorne of the Pasto 
strains in our studias suggestad that they were able to ovarcoma sorne of 
the genes' controlling resistance to race 2. Similar obsarvations have been 
made by Coyne and others (5) in U. S .A. and Poryazos (16) in Bulgaria. The 
line, howevar, showed sorne degree of pod resistance (Tabla 3). 

Line Wisc HBR 72 was highly resistant to all isolates and gave a 
hypersensitiva leaf raaction, a form. of induced resistance (4). The 
independant reactions of the plant ·-components observad stress the 
importance of evaluating and selecting plants with both leaf and pod ' 
resista nce. 
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The race studies showed that both race 1 and 2 occur in Colombia. There 
was a clase correlation between the leaf and pod methods used to 
determine races on cultivar Red Mexican Ul 3. The designation of isolate 
CBP 172 as race 1 by leaf reaction and 2 by pod reaction may be dueto an 
intermediary character of the isolate's virulence, which is not uncommon 
(10). 

Goth (9) observed that seed inoculation by partial vacuum was superior 
to soaking them in a bacteria! suspension. He found, however, that heavily 
infested seed disintegrated in the soil. Lack of germination observed with 
Seminole and poor germination caused by some race 2 strains on cultivar 
Red Mexican Ul 3 . may have been due to similar effects. The higher 
susceptibility of bean plants atan early age (15) may have also played a 
role. 

Virulence studies showed that a number of the Colombian isolates were 
more virulent than the standard isolates u sed for comparison (Tables 3 and 
4). The pod reaction of the lines used gave a good correlation in rating 

Table 4. Average diameter (mm) of the watersoaked spots induced by standard 
isolates of Pseudomonas syringae pv. phaseolicola on pods of 3 bean {Phaseolus 
vulgaris l.} lines.a 

Line G. N. Nebraska No. 1 Seminole Wisc HBR 72 
Sel27 

Race 1 0.6 1.0 0.9 

Race 2 1.9 1.9 3 .0 

HB-16 1.6 2.0 2 .1 

CBP 198 (OHB) 2.0 1.9 2.7 

a Average of no less than 20 values 

Table 5. The correlation coefficients (r) between 4 bean (Phaseolus vu/garis LJ 
lines on the order of isolates in virulence with respect to the mean diameters of 
water-soaked spots on pods. 

Lines/Cultivars 

Red Mexican Ul 3 : Semi nole 1 

Red Mexican Ul3: G.N. Nebraska No. 1 Sel27 

Red Mex ican Ul3 : Wisc HBR 72 

Seminole : G. N. Nebraska No. 1 Sel27 

Seminole : Wisc HBR 72 

G. N. Nebraska No. 1 S el 27 : Wisc HB R 72 
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Correlat ion coefficie nts ( r) 

0.53 

0.57 

o 53 

J 86 

0.87 

' 87 



isolates in their order of virulence although some reactions with some of 
the isolates showed to be host dependent. The data obtained indicated that 
differentiated race 1 and 2 consisted of isólates which were not 
homogeneous when tested with different lines. These results agree with 
those obtained by previous workers (19, 26). lt may suffice to develop and 
standardize a method that can determine the whole range of virulence 
variability among the isolates or strains of Pseudomonas syringae pv. 
phaseolicola. This is important, beca use the information obtained thereof 
is essential for a successful breeding program. 
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