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Extended Abstract

1. Introduction: Pectobacterium carotovorum subsp. carotovorum (Pcc) is one of the main causes of soft
rot disease in many economically important vegetables and tubers such as carrot, cabbage, potato, onion,
cucumber, eggplant, garlic, bell pepper, radish, sweet potato, squash and tomato. The use of chemical
bactericides is not suitable to control soft rot bacteria due to their toxic side effects and the emergence of
resistance in bacterial populations. The use of bio-control bacteria to inhibit bacterial pathogens such as
Pcc is a practical and useful method to overcome the issue. In this study, in order to control this disease
with the help of bacterial biological control agents, some bacteria were isolated from rhizosphere of
vegetables and potato. The aim of this study was to find bacteria with different bio-control mechanisms

which are able to inhibit different isolates of Pcc. On the other hand, these bacteria (with different bio-
control mechanisms) were combined to investigate the possibility of increasing their bio-control ability
in a mixed manner.

2. Materials and Methods: 12 rhizospheric bacteria were isolated from vegetables and potato.
Antibacterial properties were evaluated using chloroform vapor method. Also, 12 bacteria were isolated
from rhizosphere of vegetables and potato by minimal medium to evaluate the quorum quenching (QQ)
ability. Chromobacterium violaceum CV026 biosensor was used to assess QQ activity in bacteria. There
were two types of bio-control tests: the first case was the application of bacteria individually and the
second case was the mix of bacteria with different bio-control mechanisms, antibacterial property and
QQ activity, and its application against two strains of Pcc including PccK and PccM. At first, before
doing the second bio-control test, interaction test between bio-control bacteria was performed by culturing
two bacteria perpendicular to each other on solid medium. Bio-control test of Pcc on plant tissues (potato
tubers, carrots and bell peppers) was performed by calculating the weight of rotting tissue in comparison
with the control (containing Pcc alone). Classical and molecular bacteriological tests were performed to
detect these bacteria.

3. Results and Discussion: Among rhizospheric bacteria with antibacterial properties, A10 isolate had a
large inhibitory halo, 16.67 mm, against one strain of Pcc (PccK) and it had the ability to bio-control of
PccK on vegetables and potato tubers. Among bacteria, only SS5 isolate showed QQ ability in both
biosensor and bio-control tests. A10 and SS5 were detected as Pantoea sp. and Pseudomonas sp.
respectively. Pseudomonas SS5 had moderate bio-control activity against two Pcc strains with QQ
mechanism as inhibition percentage on potato tubers rot for PccM and PccK were 53.92 % and 68 %,
respectively. Pantoea A10 with antibacterial activity which had low or high bio-control properties against
Pcc strains as inhibition percentage on potato tubers rot for PccM and PccK were 5.81 % and 91.33 %,
respectively. The bio-control effect of A10 and SS5 bacteria against Pcc strains on carrots and bell
peppers was better than potatoes. The interaction of two bacteria on solid medium, SS5 and A10, was not

visible as a transparent area at their intersection, so they did not show an inhibitory effect against each
other. Therefore, it is possible to use combination of two bacteria, A10 and SS5, for bio-control tests. The
results showed that the bio-control ability of these two bacteria in the mixed state was much higher than
the single application of each bacterium. In mix of two bio-control bacteria, disease was further reduced
at least for PccM, in other words, the bio-control property was increased. In the case of the combination
of two bacteria against PccM, compared to SS5 and A10 application alone, it produced 2.21 and 4.53
times less rot tissue, respectively.



4. Conclusion: There are two main bio-control mechanisms in bio-control bacteria for Pcc rot reduction
including bacteria with antibacterial properties and bacteria with QQ abilities. In this study, for the first
time, it was found that two bacteria with different bio-control mechanisms, including Pantoea sp. and
Psudomonas sp., are able to control Pcc separately and in combination. For the first time, the
improvement of the bio-control properties of these two bacteria in combination with each other was
identified. It was also found that the effect of these different bio-control bacteria on the control of each
Pcc isolate and even each host of vegetables or potato tuber could be different, so that one Pcc isolate
was sometimes completely inhibited and the other Pcc isolate was not affected by the bio-control
bacteria. Because QQ mechanism disrupts the basic common physiological pathways in all Pcc isolates.
So, this mechanism in bio-control bacteria apparently has a more general effect than the antibacterial
effect.
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Figure 1- Results of application of two isolates of A10
and SS5 bacteria, seperately and in combination
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Table 1- List of bacteria isolated from the rhizosphere of vegetables and potatoes
o,leds iy Obsee G,y diged Joe \ Céo Y Cho Y Cho f Cho
Number Code Host Sampling location Trait 1 Trait 2 Trait 3 Trait 4
1 Ss1 ke (LD 5 0,0 - Oc Oa Oc Oc Oc od 0d od
Onion Dare Shahr (llam)
2 SS2 e (L) o 0,0 - 0 0 0 0 0 0 0 0
Onion Dare Shahr (llam)
3 H23 e ()8) Cbogye + 0 0 15bc 23c 3c 3c 33c¢ 33b
Carrot Marvdasht (Fars)
4 SS4 sals (59)5) 05 5 b - 0 0 0 0 0 0 0 0
Lettuce Qir and Karzin (Fars)
5 SS5 (s o (Olaol) ;o sy + 0 0 5392a 95a 100a 68 b 94 b 100 a
Potato Fereydunshahr (Isfahan)
6 SS6 (s o (Sliol) s ey, - 0 0 0 0 0 0 0 0
potato Fereydunshahr (Isfahan)
7 SS7 R (50,5) bl - 0 0 0 0 0 0 0 0
potato Darian (Fars)
8 SS8 (e o (o)) Sl - 0 0 0 0 0 0 0 0
potato Darian (Fars)
9 SS9 ols (9,B) s ol o - 0 0 0 0 0 0 0 0
cabbage Fars (Rostam city)
10 SS10 o5 (0)8) sy Oyl 4 - 0 0 0 0 0 0 0 0
cabbage Fars (Rostam city)
11 SS11 e (9)8) sy Oyl 4 - 0 0 0 0 0 0 0 0
Onion Fars (Rostam city)
12 SS12 s ()5 sla - 0 0 0 0 0 0 0 0
Garlic Biza (Fars)
13 B70 sals’ (59)5) S 5 58 * 3b 0 0 0 0 25¢ 0 0
Lettuce Qir and Karzin (Fars)
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14 A8 ke (o) pdb] 0 0 0 0 0 0
Onion Dare Shahr (llam)
15 A9 ke Geedso,3) oL 0 0 0 0 0 0
Onion Dare Shahr (llam)
16 A10 ke (o) pdb] 581b 15b 216b 91.33a 100a 100 a
Onion Dare Shahr (llam)
17 All ke &1,5) L 0 0 0 0 0 0
Onion llam (Karezan)
18 C1 oIS (i ) o b ND ND ND ND ND ND
cabbage Fars (Rostam city)
19 C2 oIS (i ) o b ND ND ND ND ND ND
cabbage Fars (Rostam city)
20 C3 oS (o 50) ool ND ND ND ND ND ND
cabbage Fars (Rostam city)
21 c4 ols (s 8) oyl ND ND ND ND ND ND
cabbage Fars (Rostam city)
22 C5 015 (f""““’) )'(’r“’) u*’)Lé 0 0 0 0 0 0
cabbage Fars (Rostam city)
23 H10 o9 ()8 essg o 2bc  25c 28¢ 25¢ 35c 41b
Carrot Marvdasht (Fars)
24 RIS s Jals Sy 1l1lbc 25c 3.88c 2cd 32¢c 36D
& Shiraz

Catd IND Ll a8 )55 O jguo (6 5lwlos pandilSo ol (wlil 9 7% Cawl asw ylod saodld (yw wuo yo 7y Jlods| adaw (0 410 Sro BB susdo LS (ygsw & B9y
Jold g 70 98 (Lo jiouw 0L (695 (S N5I03L do 0 1Y Clduo PCCK-PeCM ade (o o) 0051030 alld s Sl 1Y Co ¢y guiaw g dnde QQ oS 1) Cibo Loulis
PecK (gl p lands Jald g zm g8 ¢ oo ) o 00L (59 (SN Hl0 3L wuo 8 F Lo PeCM (gl (glandd

The letters in each column indicate a significant difference at the five percent probability level between the data in the same column. *: Isolation has not been done
Trait 1: QQ property against biosensor, Trait 2: Average based on this mechanism. ND: Not determined.
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Table 2 - Characteristics of two bacteria with the bio-control ability based on classic bacteriological tests

Lo yge3] SS5 Al0
Tests
rS i p5 i S
Gram Gram-negative Gram-negative
Sl lsilse szl sslse &>l slem s
Oxidative/Fermentative Obligate aerobic ~ Facultative anaerobic
YLl 4 +
Catalase
oS + -
Oxidase
KingBJa,;udj)w)}&.lé &n).\...]y + -
Production of fluorescent pigment on King B medium
Sl e plo 5 (o) o O] - .
Potato and other vegetables rot
YDC 5 sise 5T glabae 55, S, £ )3
Color on nutrient agar and YDC media Cream Yellow
EMBJ&de)‘SJb—AN‘—i’) - +
The metallic green color on EMB medium
Oled ades + +

Levan production

Ceomw 31 .ol 20 1450-1500 bp sdguzxo jo calicko b g SL 40 LSk ojludl ()98 SII J5 9 guad - Y JSC&
Al o0 ALD wliz BT Kol g cwl (L) o) Jol Kol cusly

Figure 3 - Image of gel electrophoresis, the size of the bands in different bacteria are in the range of 1500-
1450 bp. To the right, the first and the last wells are ladder (L) and the A10 isolate, respectively.
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Pseudomonas fluorescens (EU543578.1)
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Figure 4 - Cladogram obtained for A10 isolate
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