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Reports show that essential oils have bacteriocidal and bacteriostatic properties.  These studies have not included the major genera of plant pathogenic bacteria.  We identified that herb essential oils could provide a possible growth market for UK producers.  We used the following essential herb oils in our experiments:  Spearmint (SP); Peppermint (PT); Thyme (TH); Rosemary (RO); Sage (SA); Lavender (LA) and Pine Needle (PI), the latter being used as its bacteriocidal properties had been widely reported.  The bacteriostatic and bacteriocidal properties of essential herb oils were tested against the major plant pathogenic bacteria of most significance to the UK.
Experiment 1
Zones of inhibition were tested by inoculating nutrient agar plates with Pe. c. subsp. carotovorum, creating a bacterial lawn, and adding sterile filter paper discs treated with 4(l of each oil.  Zones of inhibition were noted for all oils except the Pine needle.

Experiment 2
All oils were tested against all bacteria using the above method.  Zones of inhibition varied in size and were not consistent when repeated.  Table 1 is a summary of the results.

Table 1.

Organism
SP
PT
TH
RO
SA
LA
PI

Erwinia amylovora
Yes
Yes
Yes
Yes
Yes
Yes
No

Pseudomonas syringae pv. pisi
No
No
No
No
No
No
No

Xanthomonas campestris pv. campestris
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Pseudomonas syringae pv. syringae
No
No
Yes
No
No
No
No

Pectobacterium carotovorum subsp. carotovorum
Yes
Yes
Yes
Yes
Yes
No
No

Pectobacterium carotovorum subsp. atrosepticum
Yes
Yes
Yes
Yes
Yes
No
No

Xanthomonas hortorum pv. pelargonii
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Rhodococcus fascians
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Clavibacter michiganensis subsp. michiganensis
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Pseudomonas syringae pv. morsprunorum
No
No
No
No
No
No
No

Pseudomonas marginalis pv. marginalis
No
No
No
No
No
No
No

Agrobacterium tumefaciens bv1 & bv2 
Yes
Yes
Yes
Yes
Yes
Yes
No

Experiment 3

The effect on growth in broth treated with oils was measured by change in optical density.  Initially 3 bacterial strains were chosen, being tested at 4 concentrations of 3 different oils.  The results are summarised in fig 1.

Experiment 4
The above method was used to test all the bacterial strains against all the oils, using only the weakest concentrations of oil that would have an effect.  See Tables 2 & 3.

Table 2.  Total Inhibition in Broth Culture

Oil
SP


PT


TH


RO


SA


LA

PI



Concentration (1/x)
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3

Organism















Erwinia amylovora
No
Yes
No
No
No
Yes
No
Yes
No
Yes
No
Yes
No
No

Pseudomonas syringae pv. pisi
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No

Xanthomonas campestris pv. campestris
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
No

Pseudomonas syringae pv. syringae
No
No
No
Yes
No
Yes
No
No
No
No
No
Yes
No
No

Pectobacterium carotovorum subsp. carotovorum
No
No
No
Yes
No
Yes
No
No
No
No
No
Yes
No
No

Pectobacterium carotovorum subsp. atrosepticum
No
Yes
No
Yes
No
Yes
No
No
No
No
No
Yes
No
No

Xanthomonas hortorum pv. pelargonii
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
No

Rhodococcus fascians
No
Yes
No
Yes
No
Yes
No
Yes
No
No
No
Yes
No
Yes

Clavibacter michiganensis subsp. michiganensis
No
Yes
No
Yes
No
Yes
No
No
No
Yes
No
Yes
No
No

Pseudomonas syringae pv. morsprunorum
No
No
No
Yes
No
Yes
No
No
No
No
No
Yes
No
No

Pseudomonas marginalis pv. marginalis
No
Yes
No
No
No
No
No
No
No
Yes
No
Yes
No
No

Agrobacterium tumefaciens bv1
No
Yes
Yes
No
No
Yes
No
No
No
Yes
No
Yes
No
No

Table 3.  Partial or Total Inhibition in Broth Culture

Oil
SP


PT


TH


RO


SA


LA

PI



Concentration (1/x)
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3
10^4
10^3

Organism















Erwinia amylovora
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
Yes
No
Yes
No
No

Pseudomonas syringae pv. pisi
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

Xanthomonas campestris pv. campestris
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes

Pseudomonas syringae pv. syringae
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Pectobacterium carotovorum subsp. carotovorum
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes

Pectobacterium carotovorum subsp. atrosepticum
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Xanthomonas hortorum pv. pelargonii
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Rhodococcus fascians
No
Yes
No
Yes
No
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes

Clavibacter michiganensis subsp. michiganensis
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Pseudomonas syringae pv. morsprunorum
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Pseudomonas marginalis pv. marginalis
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Agrobacterium tumefaciens bv1
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
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Fig 1

Where Treatment 1 = 1:100 oil, 2 = 1:400, 3 = 1:1000, 4 = 1:10,000, 5 = Untreated 

Conclusions

1. Herb essential oils do have an antimicrobial effect on the major genera of plant pathogenic bacteria.

2. The bacteriocidal properties of each oil are specific to certain genera.

3. The concentration of herb oil required to have an effect  in broth culture is 1:10,000, with few exceptions, complete inhibition usually occurs at 1:1000.
Further Work

1. In vivo testing of herb oils on plants would be required before herb oils could be considered as an effective bacteriocide.

2. Cost benefit analysis would need to be carried out for herb oils at the inhibitory concentration in vivo against crop loss.

3. Concentrations used  in vitro had a perceptible smell; taint analysis would be needed if herb oils were to be used on edible crops.
Scientific report (maximum 20 sides A4)
To tab in this section press the tab key and the Control key together
Press the DOWN arrow once to move to the next question.

Introduction
Reports show that essential oils have bactericidal and bacteriostatic properties. We identified that herb essential oils could provide a possible growth market for UK producers.  Previous studies have not included the major genera of plant pathogenic bacteria.

At CSL we house the National Collection of Plant Pathogenic Bacteria (NCPPB), with representatives of nearly all known plant pathogenic bacterial taxa.   We used strains from this collection to test the bacteriostatic and bactericidal properties of essential herb oils against the major plant pathogenic bacteria of most significance to the UK.

Two methods of testing the efficacy of antimicrobials are used; i) Zone of inhibition from disc diffusion and ii) Growth determined by optical density.
Milestone 1.1
Perform a literature search to identify herb essential oils for which claims of bacteriostasis or bactericidal properties have been made.

A literature search was performed and claims of antimicrobial properties were found for an extremely wide range of  herb essential oils.  We decided to limit our study to essential oils from herbs that could be readily grown in the UK.  Information on herbs most commonly grown in the UK was received from Peter Collins of Botanics International, these included: Mint; Coriander; French Tarragon; Parsley; Rosemary; Oregano; Thyme; Sage; Chives; Rocket. 

Milestone 1.2
To have source all required herb oils.

Of the above, Mint, Rosemary (RO), Thyme (TH), and Sage (SA) were chosen as claims for their antimicrobial properties had been found in the literature search.  Lavender (LA) is also commonly grown in the UK and could prove a possible alternative crop.  Pine (PI) had been reported as having known antimicrobial effect and was included in our study as a control.  Peppermint (PT) and Spearmint (SP) were chosen as a comparison.

Rosemary oil was sourced from Culpeper, York.  All other oils were sourced from Tullivers, York.

Milestone 2.1
To have identified all likely diseases and strains from the NCPPB to be tested.

The following strains were primarily chosen for their relevance to UK agriculture/horticulture.  Within this selection there is also significant diversification of types of bacteria (Gam positive and Gram negative) that have a number of different modes of infection.

1.  Erwinia amylovora

The causal organism of Fireblight.  Strains: NCPPB 683 Type strain (T), NCPPB 595

2.  Pseudomonas syringae pv. pisi

The causal organism of Peablight.  Strains: NCPPB 2585 T, NCPPB 3495

3.  Xanthomonas campestris pv. campestris 

The causal organism of Brassica black spot/blotch.  Strains: NCPPB 528 T, NCPPB 3313

4.  Pseudomonas syringae pv. syringae

The causal organism of dieback of numerous hosts.  Strains: NCPPB 281 T, NCPPB 3012

5.  Pectobacterium carotovorum subsp. carotovorum

The causal organism of soft rot and wilt of numerous hosts.  Strains: NCPPB 312 T, NCPPB 929

6.  Pectobacterium carotovorum subsp. atrosepticum

The causal organism of soft rot and wilt of potatoes.  Strains: NCPPB 549 T, NCPPB 4056

7.  Xanthomonas hortorum pv. pelargonii

The causal organism of Pelargonium bacterial blight.  Strains: NCPPB 2985 T, NCPPB 4032

8.  Rhodococcus fasciens

The causal organism of fasciation in numerous hosts.  Strains: NCPPB 3067 T, NCPPB 4057

9.  Clavibacter michiganensis subsp. michiganensis

The causal organism of bacterial blight of Tomato.  Strains: NCPPB 2979 T, NCPPB 1468

10.  Pseudomonas syringae pv. morsprunorum

The causal organism of dieback of Prunus sp.  Strains: NCPPB 2995 T, NCPPB 560

11.  Pseudomonas marginalis pv. marginalis

Frequently isolated organism causing problems as a secondary infection of numerous hosts.  Strains: NCPPB 667 T, NCPPB 2630

12. Agrobacterium “tumefaciens”  bv1 & bv2


The causal organism of Crown gall on numerous hosts.  Strains NCPPB 2437 T, NCPPB 2405

Milestone 3.1
To have tested the optical density technique and the zone of inhibition technique using likely candidates from 1.1 and 2.1.

Experiment 1 Zone of Inhibition

A bacterial lawn was created by spreading nutrient agar (NA) plates with a 109 colony forming units/ml (cfu/ml) of P. c. subsp. carotovorum to create a bacterial lawn.  6mm discs of Whatman No. 3 filter paper were sterilised and evenly placed on the surface of the inoculated plates.  The discs were then treated with 4(l of each oil. The agar plates were inverted and incubated at 28(C.  Zones of inhibition were examined after 24 hours.  Zones were observed for all oils except the Pine needle. Negative control plates with untreated discs should no inhibition. Uninoculated plates with discs showed no growth.

Experiment 2 Zone of Inhibition  (All Strains)

Bacterial lawns for all identified organisms were made by inoculating either NA  or Trypticase Soya Agar (TSA) plates with a turbid suspension of each of the bacteria.   6mm discs of biological filter paper were sterilised and treated with 20(1 of each oil.  The plates were inoculated for 24 hours.  The results appear in Table 1.
Table 1.


























Organism
Ref
Spearmint


Peppermint


Thyme


Rosemary


Sage


Lavender


Pine


Untreated



Erwinia amylovora
595
26
15

34
17

24
15

30
12

30
14

33
24

~
~

~
~



683T
24
16

30
18

26
22

25
16

26
16

30
20

~
~

~
~


Pseudomonas syringae pv. pisi
2585T
11
9

~
~

~
~

10
~

11
~

~
~

~
~

~
~



3495
12
~

~
~

~
~

~
~

9
~

~
~

~
~

~
~


Xanthomonas campestris pv. campestris
528T
NG
25

NG
34

NG
30

NG
24

NG
46

NG
40

NG
~

NG
~



3313
NG
NG
18
NG
NG
19
NG
NG
21
NG
NG
16
NG
NG
21
NG
NG
24
NG
NG
~
NG
NG


Pseudomonas syringae pv. syringae
281T
9
~

~
~

9
~

10
10

10
~

10
~

~
~

~
~



3012
~
~

~
~

~
~

10
~

9
~

~
~

~
~

~
~


Pectobacterium carotovorum subsp. carotovorum
312T
15
13

10
~

13
11

12
11

12
11

12
12

~
~

~
~



929
16
10

11
20

14
22

13
20

15
10

14
10

~
~

~
~


Pectobacterium carotovorum subsp. atrosepticum
549T
16
12

17
~

25
14

12
10

11
10

12
12

~
~

~
~



4056
15
11

10
11

11
11

13
11

12
12

11
12

~
~

~
~


Xanthomonas hortorum pv. pelargonii
2985T
NG
NG
36
NG
NG
19
NG
NG
36
NG
NG
23
NG
NG
33
NG
NG
24
NG
NG
~
NG
~



4032
NG
NG
52
NG
NG
22
NG
NG
38
NG
NG
21
NG
NG
45
NG
NG
12
NG
NG
~
NG
NG


Rhodococcus fascians
3067T
NG
NG

NG
NG

NG
NG

NG
NG

NG
NG

NG
NG

NG
NG

NG
NG



4057
NG
NG
16
NG
NG
16
NG
NG
29
NG
NG
12
NG
NG
16
NG
NG
24
NG
NG
11
NG
NG


Clavibacter michiganensis subsp. michiganensis
2979T
NG
NG
21
NG
NG
10
NG
NG
12
NG
NG
14
NG
NG
14
NG
NG
13
NG
NG
12
NG
NG



1468
NG
NG
NG
NG
NG
NG
NG
NG
15
NG
NG
22
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG


Pseudomonas syringae pv. morsprunorum
2995T
12
~

~
~

~
~

12
~

10
~

~
~

~
~

~
~



560
~
~

~
~

~
~

9
~

~
~

~
~

~
~

~
~


Pseudomonas marginalis pv. marginalis
667T
~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~



2630
~
~

~
~

~
~

~
~

10
~

~
~

~
~

~
~


Agrobacterium tumefaciens  bv1
2437T
30
20

20
16

24
14

24
~

30
12

20
20

~
~

~
~


bv2
2405
NG
15

NG
18

NG
22

NG
16

NG
NG

NG
~

NG
~

NG
~


NG = No Growth


























~    = No Zone of Inhibition


15/04/02 - TSA  Plates read after 24 hrs

18/04/02 - TSA Only one disk per plate for the herb oils for 528T & 2405


19/04/02 - TSA One disk per plate where no growth was observed on 'herb oil' plates (18/04), but with growth on other plates






















All Zones are measured in mm and represent the minimum diameter.

Bacteriostasis was tested by checking for the presence of any viable bacteria.  A sterile disposable loop was run through the zone and used to inoculate a TSA plate.  No growth was observed for any of the Zones.

Milestone 3.2
To have established efficacy of chosen herb oils by dilution.

Experiment 3 Growth by Optical Density

The effect on growth in broth treated with oils was measured by change in optical density.  Initially 3 bacterial strains were chosen, being tested at 4 concentrations of 3 different oils.

Trypticase Soya Broth (TSA) was sterilised and dispensed into 10 ml aliquots in sterile disposable centrifugation tubes.  Oils were added in 100, 25, 10 and 1 (l lots and a negative control was left untreated.  The broths were then inoculated, subsurface, with a 1(l disposable loopful of the chosen bacteria.  The tubes were placed in an end over end shaker and incubated at 28(C for 24 hours.  Absorbance (Abs) was measured at 600 nm with a spectrophotometer, using uninoculated broth as the  reference zero.  Results are shown in fig1.
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Fig 1.

Where 
treatment 1 = 100(l of oil (( 1:100)


treatment 2 = 25(l of oil (( 1:400)


treatment 3 = 10(l of oil (( 1:1000)


treatment 4 = 1(l of oil (( 1:10,000)


treatment 5 = no oil

Milestone 4.1
Test all identified strains against all identified oils using the most appropriate technique.
Experiment 4 Growth by Optical Density (All Type Stains)

The above experiment was repeated with all the Type Strains.  To ensure that equal amounts of inoculum were used, a suspension of 72 hour culture was suspended in Phosphate buffer (pH 7.0) and the tubes inoculated with 100(l.  As there was no perceptible difference in the results for treatments 1-3, only treatments 3 and 4 were used and a negative control of no treatment.  The tubes were placed horizontally in an orbital shaker and incubated at 28(C for 24 hours.  Absorbance readings were taken as before.

The results are presented below:
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Fig 2.
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Fig 3.
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Fig 4.
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Fig 5.
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Fig 6.
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Fig 7.
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Fig 8.
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Fig 9.
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Fig 10.

[image: image12.wmf]Xanthomonas campestris pv. campestris 528T
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Fig 11.
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Fig 12.

[image: image14.wmf]Pectobacterium carotovorum subsp. carotovorum 312T
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Fig 13.

[image: image15.wmf]Pectobacterium carotovorum subsp. atrosepticum 549T
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Fig 14.

[image: image16.wmf]Xanthomonas hortorum pv. pelargonii 2985T
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Fig 15.

[image: image17.wmf]Rhodococcus fasciens 3067T
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Fig 16.

[image: image18.wmf]Clavibacter michiganensis subsp. michiganensis 2979T
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Fig 17.

[image: image19.wmf]Pseudomonas syringae pv. morsprunorum 2995T
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Fig 18.

[image: image20.wmf]Pseudomonas marginalis pv. marginalis 667T
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Fig 19.

[image: image21.wmf]Agrobacterium bv1 2437T
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Fig 20.
Conclusions

1. Herb essential oils do have an antimicrobial effect on the major genera of plant pathogenic bacteria.  Bacteriostasis does not occur in diffusion zones of inhibition, proving that the oils are bactericidal at high concentrations.

2. The extent of the bactericidal properties of each oil are specific to certain genera.  Lavender, Thyme, and Peppermint perform best overall against the strains tested.  However, Lavender did not perform well against 312T, Pectobacterium carotovorum subsp. carotovorum; this may be an anomalous result that would require further investigation.  Residual growth of  667T, Pseudomonas marginalis pv. marginalis occurred in all the three best performing oils. 2437T,  Agrobacterium bv1, grew in Peppermint but this may also be anomalous as growth increased as concentration of oil increased.


Two of the oils tested performed less well: Pine Needle and Rosemary.  This was not expected as Pine Needle was included because its antimicrobial properties had previously been reported.  Both these oils did have a significant effect at the 1:1000 concentration.

3. The concentration of herb oil required to have an effect  in broth culture is 1:10,000, with few exceptions, complete inhibition can occur at 1:1000.


There was little difference in the performance of Spearmint against that of Peppermint at 1:1000, with one exception: 2979T Clavibacter michiganensis subsp. michiganensis, where Spearmint was surprisingly better.


Peppermint compared more favourably than Spearmint on all the test cultures at 1:10,000 with the exception of 667T and the anomalous 683T and 2437T.


Spearmint performed very badly at 1:10,000 as regards 312T and 2995T, Pseudomonas syringae pv. morsprunorum, where growth exceeded that of the lower concentration of oil and, in the case of the latter, exceeded that of the untreated control.

4. Three of the strains tested consistently grew better than the others at 1:1000; 312T, 549T, and 667T.  The first two are members of the Enterobacteriaceae, and are phylogenetically closely related.  583T is also a member of this family but is quite distant.  667T is a pseudomonad but its high growth is probably partly due to the high initial inoculum value.  On the whole, the level of initial inoculum did not effect the end result.
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